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ABSTRACT

Efficient, integrative methods to foster greater emotion regulation that are applicable to
diverse populations are needed. Mindfulness meditation and resonant frequency breath training
are independently positively correlated with changes in emotion regulation. The acquisition of
effective emotion regulation strategies may be amplified by the interaction of mindfulness
meditation practice and resonant frequency breath training. A sample of 82 undergraduate novice
meditators were randomized in a four group design utilizing a control, mindfulness only,
resonance only, and combined mindfulness and resonance breath training conditions delivered in
a three-week intervention. Self-report measures assessed the use of emotion regulation strategies
(ERQ), changes in rates of positive and negative affectivity (PANAS), acquisition of
mindfulness skills (FFMQ), and sub-clinical symptoms of distress (DASS-21). Changes to low
frequency heart rate variability, breath rate, heart rate, and temperature were evaluated. Results
support the effect of resonance breath training on decreasing low frequency and increasing high
frequency heart rate variability. The mindfulness training did not yield any effects. The effect of
brief resonant breath training on heart rate variability suggests that this may be a viable
intervention for re-regulation of sympathetic and parasympathetic nervous system functioning.
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CHAPTER 1

Introduction

Overview
The regulation of one’s emotions can be an extremely powerful mechanism through
which one can manipulate physical and psychological processes. Methods that strengthen one’s
ability to regulate emotions have been associated with increased mental and physical health, as
well as improvement in overall well-being (Gross, 1998). The impact of emotion regulation
highlights the need to optimally manipulate and strengthen emotion regulation processes.
Mindfulness meditation and resonant frequency breath training have been independently
associated with improving one’s ability to regulate emotions.
Mindfulness meditation has been the focus of substantial research in the past three
decades. Mindfulness meditation is an attentional training practice that evolved from Buddhist
traditions, which involves directing one’s attention to the present and resting consciousness on a
single focus of attention in a nonjudgmental manner (Hanh, 1975; Kabat-Zinn, 2003).
Mindfulness instruction begins with sustained attentional focus on one’s breath rate, and
breathing at a slow and natural pace. Research on various approaches to mindfulness practices
has demonstrated physical and psychological benefits, including enhancing emotion regulation
abilities (Chambers, Gullone, & Allen, 2009; Davidson et al., 2003; Deatherage, 1975).
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Heart rate variability is the variation in heart rate inter-beat intervals; higher variability
has been identified as a reliable indicator of better overall autonomic nervous system
functioning. Greater heart rate variability has been associated with substantial cognitive,
psychological and physiological health benefits, and may be related to emotion regulation
processes (Thayer, Smith, Rossy, Sollers, & Friedman, 1998). Resonant frequency is an
individualized breath rate often between four and six breaths per minute that reflects the
tendency for heart rate to increase on inhalation and decrease on exhalation, known as
respiratory sinus arrhythmia. In order to manipulate the baroreflexes to strengthen an
individual’s heart rate variability, resonant frequency breath training utilizes respiratory sinus
arrhythmia as a focus of biofeedback (Lehrer, Vaschillo, & Vaschillo, 2000).
To date, no research has examined the combined effects of mindfulness practice and
resonant frequency training, both of which involve increasing attentional focus and sustaining a
slower breath rate. Both processes may involve slower breathing rates and it has been
demonstrated that slowing the breath rate to between four and six breaths per minute can impact
autonomic nervous system functioning and increase heart rate variability, which can have
substantial impact upon one’s ability to regulate emotions (Lehrer et al., 2000). Slower breath
rates have more profound impacts on autonomic nervous system functioning, such as increases in
body temperature and decreases in pain sensitivity, but a less direct impact on manipulating heart
rate variability (Grant & Rainville, 2009). The impact of the interaction between mindfulness
and resonant frequency breath training on emotion regulation strategies is unclear. Additionally,
current research has not yet examined the differential effects that certain mindfulness meditation
skills may have in encouraging the growth of specific emotion regulation strategies, which may
also be a result of meditative experience and expertise. Physiological processes are also impacted
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by resonant frequency and mindfulness meditation training, and certain aspects of this impact on
other physiological processes still remain unclear.
Among the mechanisms involved in emotion regulation are cognitive reappraisal, or
one’s ability to shift attentional focus by identifying alternative evaluations before a full
emotional reaction to a situation has developed, and suppression strategies, which attempt to
limit the outward expression of strong emotions after the emotional reaction to a situation has
been established (Gross & John, 2003). Mindfulness meditation emphasizes the development of
five skill areas, and meditators who make gains in the skill areas of nonjudgment and
nonreactivity may be more likely to utilize cognitive reappraisal strategies. Gains in
nonjudgment and nonreactivity may be indicative of an ability to remove one’s self from positive
or negative attachment to a situation or cognitive event, and this ability to reinterpret emotional
stimuli in an objective manner may be reflected in increased endorsement of cognitive
reappraisal strategies.
The current study examines the impacts of mindfulness meditation and breathing at
resonant frequency on emotion regulation in order to identify any potential moderating or
additive relationships. Interaction effects between mindfulness meditation and resonant
frequency breath training may identify an optimal method to train individuals in mindfulness
meditation to also breathe at resonant frequency. The combined training may foster the greatest
gains in attentional control as well as develop increases in heart rate variability. Attentional and
heart rate variability gains are hypothesized to result in increased emotion regulation, and such
gains from combined treatment may develop more substantial and efficacious benefits than those
already observed in cognitive, psychological and physiological health.

4
Emotion Regulation
Defining emotion regulation. The concept of emotion regulation unites a wide range of
research fields. Regulation of emotion can refer to both subjective, internal experiences as well
as external, behavioral responses related to emotion (Chambers et al., 2009; Gross, 1998). The
process of emotion regulation may be an automatic or a conscious process, and represents more
substantial processes with effects that extend beyond limiting the impact of negative emotional
states. Emotion regulation involves the physiology of individuals, with substantial correlations
between autonomic nervous system responses and the ability to regulate emotional responding
(Rosenberg et al., 2001).
Cognitive neuroscience has also contributed to the understanding of emotion regulation
processes. Multiple endophenotypes of emotion, behavioral indicators of a genetic
predisposition, can reflect an intermediate between genetic and behavioral levels, and can reflect
the outcome of certain emotional regulatory processes (Goldsmith & Davidson, 2004). Emotion
regulation can be an automatic or voluntary process, in that certain regulatory processes are
automatically involved as emotion arises. Voluntary processes of emotion regulation, wherein an
individual is asked to either enhance, suppress, or maintain an emotional state, have been
associated with changes in amygdala function, which have been observed to be inversely related
to activation in the ventral prefrontal region (Goldsmith & Davidson, 2004). Dysfunction of
emotion regulation from a cognitive neuroscience perspective can be seen as emotional
expression that occurs beyond the bounds of the typical contexts in which providing an
emotional response yields a particular benefit, and varying incentives to regulate emotions may
be a method to evaluate individual differences in emotion regulation (Davidson, Jackson, &
Kalin, 2000). It is hypothesized that chronic exposure to stress increases cortisol levels that result
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in a degree of neurotoxicity in areas with high densities of glucocorticoid receptors. These
receptors exhibit the highest concentration in the hippocampus and prefrontal cortex;
neurotoxicity in these regions could impair emotion-relevant contextual processing in these
regions (Davidson et al., 2000; Goldsmith & Davidson, 2004).
Common strategies of emotion regulation. Two primary cognitive strategies identified
in the process of emotion regulation are cognitive reappraisal and expressive suppression, also
known as distraction strategies (Gross, 1998; Gross & John, 2003). These strategies represent the
opposing ends on an emotion-generative continuum, with antecedent-focused strategies on one
end and response-focused strategies at the other. Antecedent-focused strategies involve the
manipulation of input through selecting or modifying the situation, directing the deployment of
attention and utilizing cognitive reevaluation to modify emotional responding (Chambers et al.,
2009; Gross, 1998; Gross & John, 2003).
Cognitive reappraisal modifies emotional impact through reinterpretation of the
emotional stimuli, and has been demonstrated to be an efficient, commonly used, and stable
strategy to deescalate intense negative emotions(Chambers et al., 2009; Gross, 1998; Gross &
John, 2003). Cognitive reappraisal strategies have been found to yield greater benefits in
affective, cognitive, and social consequences than suppression strategies (John & Gross, 2004).
Reappraisal strategies are thought to activate prior to the establishment of a full emotional
response, and are thereby able to determine an alternate emotional destination with a potentially
different degree of intensity (Chambers et al., 2009; Gross, 1998). Individual differences in the
use of emotion regulation strategies have demonstrated that those with a tendency toward using
reappraisal strategies demonstrate healthier patterns of affect, social functioning and well-being
(John & Gross, 2004). It has been hypothesized that during adulthood, individuals develop
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healthier emotion regulation strategies, in which cognitive reappraisal strategies are utilized over
suppressive techniques.
In contrast, response-focused strategies primarily limit and stifle the behavioral
expression of emotion in an attempt to manipulate emotional output. Although expressive
suppression strategies can be particularly effective in managing and limiting the escalation of
negative emotions such as anger, expressive suppression may have maladaptive effects, such as
negative physiological effects, disruption of communication between individuals, and increased
ruminative thought patterns (Chambers et al., 2009; Gross, 1998; Gross & John, 2003).
Positive and negative affect. Emotion regulation strategies have a substantial impact on
the intensity of affectivity types (Gross & John, 2003). Therefore, the present study assesses
affectivity, in addition to emotion regulation, in in order to identify effective utilization of
healthy emotion regulation strategies. It has been proposed that evaluation of two broad mood
factors: negative affectivity and positive affectivity may aid in improving the differentiation
between anxiety and depressive conditions (Watson, Clark, & Carey, 1988).
Negative affect is a broad factor of distress based on subjective identification and can
include a broad range of negative moods, such as fear, anxiety, hostility, scorn and disgust. Trait
aspects of negative affect are broad and can yield a pervasive predisposition to experience
negative emotions that can, in turn, have strong impacts upon cognition, self-concept, and world
view (Watson, Clark & Carey, 1988). Negative affectivity is found in conjunction with anxiety
and depression symptoms and can be used as a broad means to predict the presence of a mental
health condition.
Positive affectivity, on the other hand, encompasses the degree of pleasurable
involvement one may have with their environment. Individuals with high degrees of positive
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affectivity report more enthusiasm, high energy, are mentally alert, interested, joyful, and
determined, whereas those with low positive affectivity are characterized by lethargy and fatigue.
Trait aspects of positive affectivity reflect a generalized sense of well-being, competent
functioning, and effective management of interpersonal situations. Positive affectivity has
demonstrated an inverse relationship to depression, suggesting that loss of pleasure may be a
defining factor in the disorder (Watson, Clark & Carey, 1988). Diener, Sandvik, and Pavot
(2009) noted that the frequency and duration, but not the intensity, of positive affectivity are
related to happiness and high subjective well-being. They suggested that intense positive
emotions can have greater costs, such as a tendency to experience more intense negative feelings.
It may also be the case that intensity of emotions is not as easily monitored as frequency and
duration of specific emotional states.
Development of emotion research. Understanding emotional processes has been an area
of interest for over a century. The James-Lange theory proposed that humans experience
autonomic nervous system arousal in response to environmental experiences and that emotions
result from these physiological changes (Cook, 1911). Although the theory was quickly
challenged, it sparked debate regarding the origination of emotional experience and regulatory
processes. In the 1920s, an opposing theory posited that physiological changes are caused by
emotions. The thalamic theory incorporated knowledge of neuroanatomy to identify that afferent
messages pass through the thalamus, and that the thalamic region may be responsible for
coordinating emotion-based reactions (Cannon, 1931). Later theories have identified the role
cognitions play in emotions. The Shachter-Singer theory suggests that cognitions are a method to
interpret the meaning of physiological reactions to external events (Schachter & Singer, 1963).
Thus, previous theoretical debate has established that external events, thoughts, and behaviors
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have an impact upon emotional experience, although some theories suggest that emotions impact
the body, whereas others suggest the body impacts emotion.
Emotion recognition and management is an area that has been well-studied in the past 30
years. Emotions have substantial cognitive and physiological impact, with evidence for each
specific emotion exhibiting a unique pattern of autonomic activity. This relationship between
specific emotions and patterns of autonomic activity may be due to an evolutionary response,
allowing for specific motor reactions beneficial for certain emotional states (Ekman, 1992). The
autonomic responses to certain facial emotional expressions are consistent across vastly different
cultural groups (Levenson, Ekman, Heider, & Friesen, 1992).
The degree of awareness of their emotions that an individual has can substantially impact
cognitive, behavioral and physiological processes. In a cognitive-developmental model of
emotional awareness, five levels are identified: bodily sensations, action tendencies, single
emotions, blends of emotion, and combinations of blends (Lane, Quinlan, Schwartz, Walker, &
Zeitlin, 1990). Such a model allows for understanding individual differences in emotional
expression and experience, as well as providing a means to operational measurement of
emotional variables (Lane et al., 1990).
Individual differences in the accuracy of one’s awareness of their own emotional cues
have been observed to be related to the degree in which Brodmann’s area 24 of the anterior
cingulated cortex participates in the responding and processing of emotional signal. The anterior
cingulated cortex has been observed to be related to attention and response selection functions,
and likely plays a role in emotional awareness and regulation (Lane et al., 1998). An individual’s
level of emotional awareness largely impacts their ability to regulate their emotions and the type
of emotion regulation strategy they utilize (Gross, 1998).
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Model of emotion formulation. Gross and John (2003) have suggested that emotions
develop from the evaluation of emotional cues. These cues can then be attended to, evaluated,
and interpreted in various ways within the individual, and these cues can, in turn, trigger a
coordinated inclination of responses that are based on previously learned behaviors, experience,
and the actions of physiological systems. The primed responses can be modified in different
ways as they arise, and since emotions emerge over time, emotion regulation strategies such as
cognitive appraisal and distraction can be identified in terms of when they impact the process of
emotion generation. As mentioned, cognitive reappraisal strategies intervene earlier in the
emotion-generative process, whereas distraction techniques are employed later once the emotion
is more fully developed. A model of emotion regulation over time specifying when reappraisal
and distraction strategies intervene was developed by Gross and John (2003) is reflected in
Figure 1.
Mindfulness
Defining mindfulness. Contemporary psychology has developed, refined and
synthesized many conceptualizations of mindfulness since the practice began to be explored as
an intervention strategy. In contemporary psychological research and practice, mindfulness skills
are often taught in a manner that is independent of Buddhist cultural traditions (Baer et al.,
2003). Scholars have acknowledged the difficulty in identifying a parsimonious, inclusive
definition of such a qualitative, experiential and paradoxical process (Bishop et al., 2004;
Carmody, 2009; Shapiro, 2009).
Kabat-Zinn (2003, p. 145) suggested an operational definition of mindfulness as “the
awareness that emerges through paying attention on purpose, in the present moment, and
nonjudgmentally to the unfolding of experience moment to moment.” The particular
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Process Model of Emotion Regulation Over Time

Figure 1. Originally cited in Gross & John, 2003.1

1

From “Individual differences in two emotion regulation processes: Implications for affect,
relationships, and well-being,” by J. J. Gross, & O. P. John, 2003, Journal of Personality
and Social Psychology, p. 351. Copyright 2003 by the American Psychological
Association.
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qualities identified in mindfulness can be fostered through meditative practice and consist of
strengthening qualities of attention and awareness (Kabat-Zinn, 2003). An operational definition
was also proposed by Bishop et al. (2004) highlighting a two-component model of mindfulness.
Self-regulation of attention, characterized by maintaining attention on the current experience to
increase awareness of mental events is the first component; the second component involves
maintaining an orientation of curiosity, openness and acceptance toward one’s present
experiences.
Another important conceptual framework of mindfulness presented by Shapiro (2009)
highlights the two aspects of the outcome and process of mindfulness. Mindful outcome, or
mindful awareness, is characterized by “the presence of a profound state of knowing that allows
for freedom of the mind from sources such as reflexive conditioning and delusion” (p.556). It has
been further suggested that mindful process, or mindful practice, involves the systematic method
of intentionally directing focus in an open, caring way that allows individuals to be aware of
their consciousness and shape their awareness. The practice of mindfulness is not done as a
preparatory act, rather the actual engagement in the meditative experience as the moment occurs
defines the practice (Kabat-Zinn, 2003). These characteristics of mindfulness can be bound in an
operational definition as “the awareness that arises through intentionally attending in an open,
accepting, and discerning way to whatever is arising in the present moment” (Shapiro, 2009, p.
556). Although sustained attention during a mindful state is highlighted among these definitions,
regular disciplined practice has been documented to cause trait changes toward a more mindful
experience even when not engaged in formal practice (Kabat-Zinn, 2003). Mindfulness
experience develops and deepens as one maintains an ongoing commitment to practicing, and the
changes in physical and psychological health observed in scientific literature represent the
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integration of mindfulness aspects into regular patterns of conscious thought (Kabat-Zinn, 2003;
Kristeller, 2007).
Other researchers have proposed similar definitions. Carmody (2009) identified a model
of mindfulness for clinical use that centralizes the importance of attention. At any moment, an
individual may recognize where attention is directed, as well as directed awareness to well-being
and physiological arousal and how they are related to the emotional facets of mental objects. In
research to date, Carmody’s conceptualization has been minimally utilized in the psychological,
physiological and medical research examining mindfulness and related intervention techniques;
thus, this model will not be considered in identifying mindfulness in the current study.
Mindfulness and physiology. Mindfulness treatments have been observed to have
substantial impact on physiological processes. Substantial differences were noted in metabolism
and brain patterns, as measured through electroencephalography, in advanced Buddhist
meditators (Benson, Malhotra, Goldman, & Jacobs, 1990). Individuals who underwent a
meditation-based body scan procedure exhibited decreased heart rate during a 20 minute
intervention. Consistent with studies that examined other types of meditation, mindfulness
intervention was related to changes in heart rate variability, as well as large and reliable increases
in respiratory sinus arrhythmia, when compared to both those who sat quietly and those who
engaged in progressive muscle relaxation (Ditto, Eclache, & Goldman, 2006). This study
examined novice meditators with no previous meditation experience; greater differences may be
observed in individuals with more substantial meditation experience.
With regard to immune function, an eight-week clinical training program in mindfulness
meditation was applied to healthy employees in the work environment. Brain activity was
measured, and participants were injected with influenza vaccine (Davidson et al., 2003). Brain
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activity exhibited activation consistent with positive emotions in meditators compared to nonmeditators, and significant increases in antibody titers to influenza vaccine was noted in the
mindfulness meditation trained group. These results are indicative of the impact of a brief, eightweek mindfulness training program on fostering changes in the brain associated with positive
affect and in increasing immune function. Critiques of these conclusions suggested that brain
activation differences between meditators and non-meditators occurred in a more centralized
location in the brain than the research initially identified, and the more centralized location
identified may not be as closely associated with changes in positive affect (Smith, 2004).
Additional criticism highlighted the lack of physiological study of other pleasurable activities
that may have similar brain effects as those reported by Davidson (Travis & Arenander, 2004).
The emergence of mindfulness practice. The origins of mindfulness meditation are in
Buddhist practice. Among Buddhist traditions, mindfulness is a key component in following a
path that leads to the end of personal suffering (Bishop et al., 2004). Mindfulness is described in
the Anapanasati Sutra, the Sutra of breathing-focused mindfulness. The Sutra describes how the
Buddha taught that awareness and attention to the breath can enhance one’s mindfulness ability
(Hanh, 1975).
The Satipatthana Sutra identifies the foundations of mindfulness, as described by the
Buddha. The Buddha suggested that mindfulness is the only way to achieve “the purification of
beings, for the overcoming of sorrow and lamentation, for the destruction of suffering and grief,
for reaching the right path, for the attainment of Nirvana,” (p.111) and this can be done through
practicing the four foundations of mindfulness (Hanh, 1975). Empirical research has asserted that
mindfulness is “the heart” of Buddhist meditation (Kabat-Zinn, 2003). The Buddhist foundations
of mindfulness practice are: A) contemplation of the body, B) being fully aware of the inner
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processes of the body and the body’s position and physical location; C) contemplation of feeling,
being fully aware of one’s present emotional state and observing that state in nonjudgmental
manner; and D) contemplation of consciousness, an awareness and recognition of one’s own
conscious processes as they occur nonjudgmentally. The final foundation is the contemplation of
mental objects, that is, being fully aware and observant of one’s mental states, including the
presence or absence of shameful states, awareness of tendencies to cling to certain ideas or
thoughts, identification of sensory information as mental objects, and an awareness of
contemplation of the seven factors of enlightenment and the four Noble Truths (Hanh, 1975).
Buddhist meditative practices and Western psychology have been independently pursuing
paths that seek to understand, heal and cultivate the abilities of the mind (Walsh & Shapiro,
2006). Only in the past few decades have these fields acknowledged each other and begun the
process of assimilative integration. The process of integrating Western and Buddhist
conceptualizations of mindfulness has not been without conflict. Western psychological study is
described as attempting to operationalize and decontextualize mindfulness techniques, while
overlooking the completive and philosophical aspects of the basic Buddhist practice (Walsh &
Shapiro, 2006). The attempt to identify a mutual, universal understanding of mindfulness is part
of an ongoing process.
Mindfulness applied in Western culture. Since mindfulness meditation has become
adopted in Western society and practices, it has developed into an effective therapeutic approach
for increasing awareness to the present experience and responding in a productive manner to
cognitions that would otherwise produce emotional distress and maladaptive behavior (Bishop et
al., 2004). Buddhist meditative practices began receiving serious attention from the
psychological research community in the 1970’s, when the self-control techniques of Zen
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Buddhism were compared to the Western psychological framework of social learning theory
(Shapiro & Zifferblatt, 1976). Prior to the early 1980s, Western understanding of mindfulness
meditation and its applications to physical and psychological treatment was limited. Research
first examined the psychological aspects of mindfulness practice in regard to the subjective
experience of practitioners, differences in states of consciousness, and variations in personality
factors (Kornfield, 1983).
Initially, meditative practices were viewed to have some potential benefit when limited to
use in short-term therapy (Deatherage, 1975). Mindfulness meditation began to receive more
clinical attention due to Kabat-Zinn’s (1984) work investigating the impact of mindfulness on
the management of chronic pain and Kornfield’s (1983) research examining the subjective
experiences of mindfulness practice. An eight-week program developed by Kabat-Zinn included
training in mindfulness meditation, yoga, and elements of cognitive therapy. The training was
portrayed to patients as a stress reduction and relaxation program. Patients demonstrated
significant reductions in present pain, negative body image, inhibition of activity by pain, and
psychological symptoms, including depression and anxiety (Kabat-Zinn, Lipworth, & Burney,
1985). Patients also decreased the use of pain-management medications and reported increases in
self-esteem. The intervention program used by Kabat-Zinn became standardized and known as
the Mindfulness-Based Stress Reduction (MBSR), and has been adapted to treat a broad range of
physical and psychological conditions (Kabat-Zinn, 2003). That research provided the initial
evidence for a potentially powerful intervention in its own right, and spurred additional research
in the field.
Mindfulness meditation and related approaches have been associated with substantial
positive gains in the treatment of a variety of conditions. Effective psychological applications to
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date include the treatment of anxiety (Hofmann, Sawyer, Witt, & Oh, 2010; Kabat-Zinn,
Massion, Kristeller, & Peterson, 1992), depression (Teasdale, Segal, & Williams, 1995),
borderline personality disorder (Linehan, 1993), eating disorders (Kristeller, Baer, & QuillianWolever, 2006), and substance abuse including smoking cessation (Bowen & Marlatt, 2009;
Marlatt, 2002). Mindfulness has been integrated into the treatment and management of a variety
of physical health conditions, including chronic pain (Kabat-Zinn et al., 1985), fibromyalgia,
arthritis (Kaplan, Goldenberg, & Galvin-Nadeau, 1993), cancer (Grossman, Niemann, Schmidt,
& Walach, 2004) and cardiac conditions (Ditto et al., 2006; Grossman et al., 2004).
Theoretical aspects of mindfulness. The impact of such a seemingly simple practice
such as mindfulness has been observed to be profound and varied, yet little theory in modern
psychological literature explains this phenomenon (Kristeller, 2007). It has been proposed that
fostering stable attention to the present and nonjudgmental awareness mediates the physical and
psychological benefits. Others have also identified relaxation as a core process; however, this is
largely accepted to be a side effect of practice rather than a primary component (Baer, 2003).
The attentional skills acquired through mindfulness increase an individual’s ability to
disengage from previously typical levels of emotional and analytical reactivity and to respond in
a more balanced, mindful manner (Kristeller, 2007). This is, to some degree, consistent with
cognitive therapy techniques that emphasize an individual’s appraisal of the distressful object of
their attention, followed by replacement with a more positive reappraisal, as well as behavior
therapy strategies that adjust the triggers and responses to attended stimuli through extinction
and practice effects. However, in contrast to cognitive and behavioral interventions, meditation
allows for a more passive method to disengage attentional processes in a nonjudgmental manner,
from both positive and negative, threatening and engaging stimuli.
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Additionally, by repeatedly disengaging from attentional targets, the mind learns new
patterns of responding. Through this process, individuals can remove themselves from the typical
distracting and unfocused automatic processes of consciousness. As individuals can then
disengage from their automatic conscious engagement, not reacting in the typical manner allows
for more novel, creative, or wise responses to emerge (Kristeller, 2007). This has also been
discussed as the formulation of metacognitive insight, or the ability to view thoughts as transient
mental events rather than interpretations of reality (Bishop et al., 2004). The impacts of these
meditative effects have been categorized in a hierarchical multi-domain model, in which the
most profound effects are observed in cognitive domains, followed by physiological, emotional,
behavioral relation to self and others, and spiritual well-being. The impact and integration of
these domains increase with more advanced stages of development in meditative practice
(Kristeller, 2007).
Current mindfulness meditation interventions. There are multiple, empiricallysupported training programs available that introduce mindfulness strategies to populations
without previous meditative experience. Mindfulness has been developed as a component of a
variety of treatment interventions, including MBSR (Kabat-Zinn et al., 1992), mindfulness based
cognitive therapy (MBCT; Segal, Teasdale, & Williams, 2004; Teasdale et al., 1995), acceptance
and commitment therapy (ACT; Hayes, 2004), and dialectical behavior therapy (DBT; Linehan,
1993). These interventions largely incorporate weekly group sessions over the course of eight to
12 weeks targeted at symptoms of various clinical disorders. Many mindfulness training
interventions also require daily practice of varying lengths (Kabat-Zinn et al., 1992).
An important consideration in mindfulness training programs is the impact of home
meditative practice adherence on mindfulness skill development. A meta-analysis reviewed 98
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studies of mindfulness interventions, of which one fourth evaluated the impact of home practice
adherence on clinical functioning (Vettese, Toneatto, Stea, Nguyen, & Wang, 2009). Of these
studies, over half demonstrated some degree of support for the benefits of home practice,
suggesting a substantial impact of home practice adherence on outcome measures although in
many cases the degree of home practice is not accounted for.
Cuthbert, Kristeller, Simons, Hodes, and Lang (1981) examined the impact of meditative
strategies, as well as biofeedback procedures, from a brief, three session meditation intervention
on participants’ abilities to reduce heart rate and overall level of arousal. Results indicated that
the meditative condition was associated with significant reductions in heart rate; however,
reductions in heart rate were strongly impacted by the relationship between the participant and
the meditation instructor. Evidence suggests that studies of mindfulness would benefit from
research that further examines the role of the instructor’s practice in efficacy in delivering
meditation skills, as research of mindfulness treatments may be limited, compared to other
treatments, due to the group modality of treatment that is often utilized in mindfulness
meditation treatments (Lau & Yu, 2009). It is not clear how well group-based mindfulness
interventions retain their effectiveness when delivered in an individualized format.
Brief interventions. Previous research has documented that significant effects can be
achieved with brief training in mindfulness skills, such as those employed by Cuthbert et al.
(1981). It has been observed that mindfulness scores of participants tend to increase with the
amount of formal home training in which an individual engages, which has also been associated
with increases in well-being (Carmody & Baer, 2009; Lau & Yu, 2009). However, in a review of
MBSR training programs with group time commitments less than the current guidelines of 26
hours, no significant difference in reduction of psychological distress was identified between
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shorter programs and full length programs (Carmody & Baer, 2009). In another examination of
the efficacy of varying lengths of mindfulness treatment, no correlation was observed between
gains in meditation and length of time invested in meditative practice (Davidson et al., 2003).
An extremely brief mindfulness intervention program guided participants in basic
mindfulness skills for 20 minutes a day for three consecutive days (Zeidan, Johnson, Gordon, &
Goolkasian, 2010). The mindfulness training was compared to a group who was told they were
receiving mindfulness training, although the mock training did not provide any guidance to focus
attention. At the end of the intervention period, the mindfulness group demonstrated positive
shifts in mood, decreased heart rate, blood pressure, and feelings of fatigue relative to the sham
group (Ditto et al., 2006). Participants were not encouraged to complete home practice. Other
studies have demonstrated that 20 minutes of meditation training each day for five days can yield
significant improvement in attention and self-regulation (Yi-Yuan et al., 2007). Additional brief
mindfulness interventions have displayed substantial effects in increasing sense of well-being
and decreasing loneliness, as well as perception of affectivity and distress (Duncan &
Weissenburger, 2003; Lane, Seskevich, & Pieper, 2007). Similar interventions have
demonstrated significant results as well. Implementation of a single, eight minute lovingkindness meditation demonstrated fostering significantly greater feelings of social connectedness
than a group receiving imagery instruction and a control group (Hutcherson, Seppala, & Gross,
2008).
Abbreviated mindfulness interventions have been helpful in targeting tobacco smoking
patterns, in which a 1 hour and 30 minute training was supported with follow-up training both 24
hours and 1week after the initial intervention (Bowen & Marlatt, 2009). Studies that utilized such
a brief, one-and-a-half hour protocol also are limited in that effects may be statistically
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significant, yet small; sample characteristics may limit generalizability; and, in many cases,
measures used are entirely self-report (Bowen & Marlatt, 2009; Levitt, Brown, Orsillo, &
Barlow, 2004). Additional studies may benefit from larger sample sizes, somewhat more
substantial intervention protocols, and the inclusion of physiological measures that address stress
and affect (Bowen & Marlatt, 2009).
Resonant Frequency
Defining resonant frequency. Just as the mind can impact physiology, physiological
processes can also have a substantial impact on the mind. Changes in breathing and individual
differences in heart rate variability (HRV) can have profound effects on cognitive and emotional
processes (Brosschot, Van Dijk, & Thayer, 2007; Hassett et al., 2007; Lehrer, Vaschillo, Trost,
& France, 2009; Song & Lehrer, 2003; Sutarto, Wahab, & Zin, 2012). Resonant frequency breath
training is a method that utilizes manipulation of voluntary physiological processes to act upon
autonomic processes in a manner that is beneficial for physiological as well as psychological
process (Lehrer et al., 2000).
HRV is the fluctuation in the inter-beat intervals between normal heartbeats, and is
established by measuring inter-beat intervals during a targeted time period. Fluctuations are then
monitored during experimental periods and recovery times to identify changes in the degree of
fluctuation between inter-beat intervals which reflects the impact of an experimental procedure
upon heart rate variability(Hansen, Johnsen, & Thayer, 2003). HRV is observed to be most
significantly impacted by breath rate at high and low respiratory rates, corresponding to some
change in frequencies of HRV. Slow-paced breathing is often used as a relaxation method in
psychological practice, and specific respiratory rates have been examined regarding their impact
on HRV (Song & Lehrer, 2003).

21
Resonant frequency is an individual’s unique frequency at which high oscillations in
baroreflex activity increase vagal tone and HRV (Lehrer et al., 2000; Vaschillo, Vaschillo, &
Lehrer, 2006). Resonant frequency breath training begins by first identifying an individual’s
unique frequency of resonance, often near 0.10Hz. Resonance is observed by increases in HRV.
The resonance observed in the cardiovascular system occurs from increased efficiency of the
baroreflexes which are manipulated by changes in heart rate that occur during inhalation and
exhalation (Lehrer et al., 2000). The baroreflexes are utilized in the circulatory system in order to
manage heart rate and blood pressure. This system operates on the function of baroreceptors,
nerve receptor cells sensitive to changes in pressure by stretching that occurs in arteries as
pressure rises (Cacioppo, 2000). These receptors are mostly concentrated in the aorta and other
major arteries near the heart. The baroreflex operates through a closed negative reinforcement
system, in which baroreceptors send excitatory information to the caudal ventrolateral medulla,
which sends inhibitory information to the rostral ventrolateral medulla. This, in turn, inhibits the
sympathetic branch of the autonomic nervous system, resulting in a decrease in blood pressure.
Heart rate is impacted by the baroreflex during the process of breathing, in that heart rate
increases during inhalation and decreases during exhalation in an oscillatory pattern (Lehrer et
al., 2000). These changes in heart rate and blood pressure have approximately a five-second
delay, and this is believed to be due to inertia in blood flow and plasticity of the vascular system
(Vaschillo et al., 2006). The observed delay then results in 0.10 Hz resonance in the closed loop
of the cardiovascular system because it produces a 180 degree phase shift between heart rate and
blood pressure oscillations. It is theorized that the increased amplitude of baroreflex stimulation
caused by higher amplitude oscillations in blood pressure, as well as heart rate, produces greater
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exercise of the baroreflexes, ultimately yielding better reflex efficiency and greater modulation
of the autonomic nervous system (Lehrer et al., 2000).
The variation in heart rate that is a result of inhalation and exhalation is known as
respiratory sinus arrhythmia (RSA). RSA is related to self-regulation, but only in warm-blooded
animals (Porges, 1995). Respiratory variations in heart rate usually occur within the range of 9 to
24 breaths per minute; however, there is evidence that high amplitude oscillation can be achieved
at lower frequencies, at three to nine breaths per minute (0.05 - 0.15 Hz; Lehrer et al., 2000).
Additional researchers have identified that taking three to nine breaths per minute (0.05-0.15Hz)
results in high oscillation during low frequency HRV (Collier, Bernardi, Angell-James,
Caulfield, & Sleight, 2001). This type of HRV is more closely related to baroreflex activity than
is HRV in other ranges. Certain frequencies of HRV are related to certain sources of autonomic
control, and breath rate in the lower frequency range is predominantly controlled by baroreflex
activity. Activity in lower frequencies is sympathetically mediated, reflect regulation of vascular
tone and temperature (Lehrer et al., 2000).
Integrative model of HRV. Thayer et al. (2009) hypothesized a model of the neural
structures that are involved in cognitive, affective and autonomic regulatory processes that relate
to HRV. This model is supported by pharmacological and neuroimaging data that link structures
and pathways in the central nervous system to HRV, and supports how resting HRV can be
related to individual differences in cognitive abilities. The autonomic nervous system is divided
into two major branches, sympathetic and parasympathetic, exhibiting excitatory and inhibitory
processes, respectively. Heart functioning is dually innervated by the two branches of the
autonomic nervous system, and is most significantly susceptible to imbalances in autonomic
nervous system functioning, especially parasympathetic influences (Thayer et al., 2009). There
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have been substantial direct and indirect pathways present in humans that link the frontal cortex
to autonomic motor circuits that impact the heart through either branch of the autonomic nervous
system. Figure 2 is based on current research published by Thayer et al. (2009).
Attentional regulation and executive function also play an important role in health and
performance. HRV is related to performance on abilities localized in the prefrontal cortex and is
therefore related to cognitive performance due to the relationship to activity in prefrontal areas
(Thayer et al., 2009). Cognitive performance, such as working memory ability, has already been
identified as related to HRV (Hansen et al., 2003). HRV has also been suggested to be an
endophenotype or intermediate phenotype related to various physiological and psychological
conditions (Thayer et al., 2009). Situational awareness also is related to HRV, and this may be
due to the role situation awareness may play in identification and reaction to stressors, which in
turn can impact HRV.
Slow-paced breathing is an aspect of a protocol to increase the amplitude of RSA, and
can be beneficial in the treatment of anxiety conditions as well as autonomic dysfunction (Song
& Lehrer, 2003). Respiratory rates of 3, 4, 6, 8, 10, 12 and 14 breaths per minute were examined
regarding the impact each rate had upon HRV. Of the breath rates examined, heart rate remained
consistent, and slower respiratory rates produced higher amplitudes of HRV, with the greatest
amplitudes observed at four breaths per minute, indicative of resonance. The most substantial
amplitudes in the high-frequency band of HRV were observed at 10 breaths per minute, and the
most substantial amplitudes in the low frequency band were observed at four breaths per minute.
In the oscillations in heart rate the trough heart rates observed at four and six breaths per minute
were significantly lower than at 14 breaths per minute (Song & Lehrer, 2003). The results of this
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Integrative Model of Heart Rate Variability

Figure 2. Originally cited in Thayer et al., 20092

2

From “Heart rate variabilitiy, prefrontal neural function, and cognitive performance: The
neurovisceral integration perspective on self-regulation, adaptation, and health,” by J.F.
Thayer, A.L. Hansen, E. Saus-Rose, and B.H. Johnson, 2009, Annals of Behavioral
Medicine, p. 143. Copyright 2009 by The Society of Behavioral Medicine.
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study indicate an inverse relationship between RSA and respiration rate, and the authors suggest
that additional research is needed to examine the impact of biofeedback procedures on the
relationship between respiration and aspects of the cardiovascular system.
Benefits of observed differences in HRV. Resonant frequency research emerged as a
manipulation designed to strengthen an individual’s coherence to low frequency HRV (Lehrer et
al., 2000). Breathing at resonant frequency is a relatively new intervention strategy and much of
the research examining HRV is correlational in nature. However, HRV is a well-studied
physiological phenomenon, and significant correlations with other physiological and
psychological processes have been reported in individuals exhibiting coherence to high
frequency and low frequency HRV.
Spectral analysis of heart rate variability examines HRV frequency in terms of Hertz. The
low frequency range is between 0.05 and 0.15 Hz, and the high frequency range is between 0.15
and 0.4 Hz. The HRV frequency range has been observed to be significantly influenced by
breath rate, with regular breath rates resulting in more coherence to the high frequency HRV
range, and lower breath rates resulting in increased coherence to the low frequency HRV range
(Yoshida, Yokoyama, & Ishii, 2011). Breath rates between three and eight breaths per minute
were identified to be related to higher amplitudes of HRV and greater coherence to the low
frequency HRV range than more rapid breath rates (Song & Lehrer, 2003). Multiple studies have
also related the high frequency HRV range to parasympathetic activation, as well as to
physiological and psychological stress (Hansen et al., 2003; Hansen, Kvale, Stubhaug, & Thayer,
2013; Paul & Garg, 2012) The low frequency range is associated with greater activation of the
autonomic nervous system in general, during which arousal of both the sympathetic and
parasympathetic nervous system is observed. Recent research has suggested that activation of the
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autonomic nervous system during coherence to the low frequency HRV range may be modulated
by baroreflex function (Goldstein, Bentho, Park, & Sharabi, 2011). Greater coherence to the low
frequency range has also been associated with physiological as well as psychological states of
relaxation (Hassett et al., 2007; Lehrer et al., 2000; Mansfield, Oddson, Turcotte, & Couture,
2012; Song & Lehrer, 2003)
Initial studies of heart rate variability frequencies identified individuals with either
coherence to either high or low frequency HRV and identified various physiological or
psychological relationships. Higher degrees of observed low frequency HRV have been
associated with substantially varied physiological, cognitive, and emotional benefits. With regard
to physiology, lower coherence to low frequency HRV has frequently been associated with
greater risk for cardiovascular diseases (Hansen et al., 2003; Thayer et al., 1995). For example,
an early study examined cognitive relationships to HRV in a group of participants who were
separated into those with coherence to high frequency HRV and coherence to low frequency
HRV. Individuals in the high frequency HRV group displayed more correct responses on the
Weschler Memory Test and also exhibited a lower reaction time, with a corresponding lower rate
of error, on a continuous performance task (Hansen et al., 2003). Psychological benefits of
higher levels of low frequency HRV have also been observed. Anxiety, stress and worry levels,
which are risk factors and potential mediators of other illnesses such as cardiovascular disease,
were examined in two groups of individuals exhibiting either high or low coherence to the low
frequency HRV range (Brosschot et al., 2007). A relationship was found between frequency of
worry and occurrence of stressors with higher heart rate and lower coherence to the low HRV
range. Individuals were also monitored for a 24-hour period and the impact of stressors and
worry persisted into sleeping. Another study identified the benefit of a resonant breathing
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intervention which increases low frequency HRV, and has been related to reducing depression,
stress, and anxiety levels in a manufacturing workforce population (Sutarto et al., 2012).
Similarly, the relationship between depression and HRV has been examined (Thayer et al.,
1998). Previous research has suggested that high frequency HRV decreases in the presence of
depressive symptoms and those with cardiac symptoms (Carney, Freedland, Miller, & Jaffe,
2002). Heart period variability was examined by electrocardiogram for a period of five minutes
in males and females who were identified as depressed or non-depressed based on Beck
Depression Inventory scores and it was observed that heart period variability and depressive
symptoms were positively correlated among female participants, but exhibited an inverse
association in male participants, suggesting potentially substantial gender differences in the
relationship between HRV and depression, and additionally in the relationship between HRV and
cardiovascular disease risk (Thayer et al., 1998).
The impact of yoga on HRV and post-traumatic stress disorder symptoms was examined
in a population of individuals who had survived substantial regional flooding in India (Telles et
al., 2010). Although substantial decreases were observed in symptoms of sadness and no
increases in anxiety were observed in those participating in yoga treatment, no substantial
differences were noted in HRV (Telles et al., 2010). This may be due to the fact that breath rate
was not regulated during yoga practice, and individuals practicing yoga may not have utilized
RSA to manipulate HRV. Yoga practicing individuals were not separated into groups of those
already exhibiting high and low HRV rates, and differences in yoga practice engagement, stress
or depressive symptoms could not be identified in relation to baseline HRV.
Benefits of breathing at resonant frequency. Many benefits have been identified by
practicing breathing at resonant frequency in order to increase and strengthen HRV. The function
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of strengthening HRV is to target and optimize autonomic nervous system reactivity (Hassett et
al., 2003). This is done by slowing breathing in order to moderate one’s heart rate. Breathing at a
rate of near five breaths per minute can alter and strengthen HRV in the low frequency range,
which occurs maximally at 0.1 Hz, in the middle of the low frequency HRV range. These
benefits have been observed in physiological and psychological aspects. With regard to
physiological benefits, improvements were noted in individuals experiencing fibromyalgia, poor
baroreflex response, and asthma (Hassett et al., 2007; Lehrer et al., 2006).
In another study individuals with fibromyalgia, who presented with symptoms of
musculoskeletal pain, fatigue, depression, cognitive dysfunction and sleep disturbance,
participated in 10 weekly sessions in which they were taught to breathe at their resonant
frequency and to practice twice at home each day. These individuals evidenced significant
decreases in depression and pain levels between session one and the three month follow-up.
HRV increased during biofeedback tasks, and it was hypothesized that HRV biofeedback,
induced through breathing at resonant frequency can be a useful treatment for fibromyalgia and
may be mediated by changes in the autonomic nervous system. This study also identified that
changes in HRV were immediately observed, whereas changes in blood pressure, baroreflex
responses and changes in psychological symptoms were not as immediately apparent (Hassett et
al., 2007).
HRV biofeedback induced through breath-established resonant frequency has also
demonstrated an ability to increase HRV and in turn be an effective intervention for the
treatment of asthma (Lehrer et al., 2006). A similar intervention protocol was used as in the
study of fibromyalgia. As a result of the intervention, individuals exhibited significantly
decreased reliance on controller medications. These effects were independent of age, and
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younger participants exhibited slightly greater gains in HRV (Lehrer et al., 2006). These gains
were substantial compared to individuals who participated in a breath training group. It has also
been documented that gas exchange efficiency can be optimized when individuals practice
breathing at their resonant frequency (Hayano et al.,1996 in Lehrer et al., 2006).
With regard to psychological benefits, HRV biofeedback utilizing RSA to achieve
resonance has exhibited beneficial effects on depression (Karavidas, 2007). Participants with
major depression participated in a 10 weekly sessions of an HRV biofeedback intervention. Main
effects were observed in those who maintained breathing at their resonant frequency. Substantial
reduction in endorsement of symptoms on various depression measures, along with an increase
in HRV was observed by the fourth session (Karavidas, 2007). The authors concluded that HRV
biofeedback is likely an effective supporting treatment for major depressive disorder, and that
reduction of depressive symptoms is associated with substantial gains in HRV, and hypothesized
that substantial gains can be maintained by regularly exercising the baroreflexes (Karavidas,
2007).
Breathing at resonant frequency to foster greater HRV has been associated with a
reduction in symptoms of anxiety (McCraty, Barrios-Choplin, Rozman, Atkinson, & Watkins,
1998; Paul & Garg, 2012; Sutarto et al., 2012). In one study, individuals working in a high stress
environment participated in a brief, five week resonant breath training. Over the course of the
intervention period, the experimental group exhibited decreases in depression, anxiety, and stress
on the DASS-21, while also exhibiting beneficial gains in heart rate variability (Sutarto et al.,
2012). Other studies have demonstrated similar gains in stress management utilizing a ten
consecutive day resonance breathing intervention (Paul & Garg, 2012).
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Other methods to establish resonant frequency. Although resonance can be achieved
through the use of physiological equipment in controlled research settings, resonant frequency
can also be identified without the use of such equipment and applied to clinical settings.
Resonance is often established in research settings for each individual by requesting them to
breathe at a constant rate in two minute increments starting at six breaths per minute, and
decreasing that rate by 0.5 breaths per minute until resonance is achieved (Lehrer, Vaschillo &
Vaschillo, 2000). Resonant frequency can be utilized in therapeutic settings by having
individuals become aware of their breath rate and heart rate, and when they are aware that their
heart rate begins to increase, it is time to exhale, and when they are aware their heart rate is
beginning to decrease, it is time to inhale (Lehrer, Vaschillo & Vaschillo, 2000). By timing the
length of breaths until a shift in heart rate in observed, individuals can calculate the necessary
breath rate to achieve resonance.
Some evidence has suggested that resonance can be achieved through rhythmical
exposure to emotion-inducing stimuli (Vaschillo et al., 2008, cited in Lehrer et al., 2009). In a
study examining this process, participants were asked to tense their large skeletal muscles at a
rate of six cycles of tension and relaxation per minute for three minute periods. It was observed
that this process also elicited high amplitude 0.1 Hz oscillations in the cardiovascular system,
and that rhythmical muscle tension at this rate also acts upon the baroreflexes (Lehrer et al.,
2009).
It is notable that the six tension-relaxation cycles per minute are substantively equivalent
to the approximately six breaths per minute in which resonance is achieved through RSA.
Although initial evidence suggests that rhythmical muscle tension is also an effective means to
achieve resonance, resonance achieved through RSA has a greater empirical support and has an
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established, manualized approach to instill resonance that can be measured through available
means to assess breath rate and heart rate (Lehrer et al., 2000). Thus, the current study examines
the establishment of resonant frequency through RSA, while acknowledging that resonant
frequency achieved through rhythmical muscle tension is an area of promise for future research.
Resonant frequency will be established in this study through low frequency modulation of breath
rate to act upon RSA which in turn will modulate the baroreflexes and increase HRV.
Relationships Between Concepts
Figure 3 represents a hypothesized model of the relationships between the core concepts
of mindfulness meditation, resonant frequency breath training, and emotion regulation. The
model also identifies potential mediating and moderating relationships, as well as the potential
impact of certain components of core concepts.
Emotion regulation and mindfulness meditation. Both Buddhist practitioners and
psychologists identify the substantial impact emotions can have on the thoughts, words, actions,
and pursuit of pleasure of individuals (Ekman, Davidson, Ricard, & Alan Wallace, 2005). An
initial challenge by those beginning to participate in Buddhist meditation is to identify how
destructive thoughts and emotions arise, are experienced, and how they are influential, contrary
to attempts to suppress such mental states (Ekman et al., 2005). Mindfulness meditation has been
compared to relaxation training in regard to effects on distress, positive outlook, ruminative
patterns and distraction techniques (Jain et al., 2007). Relaxation techniques involve an
intentional focus on relaxation through utilization of techniques that result in decreased
physiological arousal. Mindfulness meditation develops an individual’s awareness from moment
to moment and nonjudgmental acceptance of experiences, which have a more substantial impact
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Figure 3. Hypothesized Relationships Between Concepts
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on reducing distractive and ruminative thoughts, increase spiritual experience reports and
positive mood states (Jain et al., 2007).
The ability of mindfulness meditation to reduce ruminative and distraction tendencies
suggests that mindfulness meditation may play a substantial role in the regulation of emotions, as
these cognitive strategies reflect a unique type of responding to emotional states. Mindfulness
practice has been suggested to function as a form of prefrontal training to utilize a nonconceptual means as an alternative to typical cognitive reappraisal methods to manage emotions
(Farb, Anderson, & Segal, 2012). Additional research has suggested that mindfulness training
can increase resilience against emotional exhaustion, and that this relationship is mediated
through the degree of engagement in the emotion regulation strategy of surface acting, in which
individuals portray insincere emotions (Hülsheger, Alberts, Feinholdt, & Lang, 2013).
Many mindfulness-based treatments – including DBT, ACT, MBSR, and MBCT –
incorporate components that attempt to manipulate emotion regulation indirectly through
mindfulness skill development (Chambers et al., 2009; Goldin & Gross, 2010; Hayes, 2004;
Linehan, 1993; Segal et al., 2004). Many investigators have hypothesized that mindfulness
practice may have a positive impact upon emotion regulation strategies, increase emotional
acceptance and willingness to tolerate uncomfortable emotions, and decrease the time needed to
recover from negative emotional events (Arch & Craske, 2006; Kabat-Zinn, 2003; Linehan,
1993).
In a study of undergraduate novice meditators trained in a brief mindfulness protocol,
those trained in mindfulness based focused attention strategies maintained consistent moderately
positive responses to neutral slides in an affective task, whereas groups trained in unfocused
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attention or conditioned to worry responded in a more negative manner to neutral slides (Arch &
Craske, 2006). The focused breathing group also demonstrated the least emotional volatility,
especially in response to negative slides. These findings are promising especially given the brief
training protocol used in a population with no previous meditation experience.
Mindfulness meditation has also exhibited beneficial effects upon the self-regulation of
attention and emotion regulation (Kabat-Zinn, 2003). The nonjudgment facet of mindfulness
may facilitate the healthy regulation of emotions (Hayes, 2004). Cognitive interventions attempt
to adjust the content of cognitive and emotional events, whereas mindfulness strategies attempt
to alter through acceptance how individuals relate to cognitive and emotional events (Chambers
et al., 2009). Experiential avoidance that is characterized by affective suppression and distraction
strategies is directly targeted by mindful interventions through the process of acceptance of all
emotional experiences, both positive and negative (Chambers et al., 2009; Hayes, 2004).
Much of the psychological research investigating emotion regulation is strongly focused
on alleviating pathological levels of emotion dysfunction. The Buddhist perspective instead
emphasizes modification of emotional traits and cultivating sukha, the achievement of enduring
happiness. The Buddhist perspective encapsulates an attempt to achieve increasingly beneficial
emotional traits, rather than alleviating dysfunctional ones. Buddhist meditative practices can
therefore be viewed as a form of therapy for all individuals who seek to improve their quality of
life, through practices that help them identify and understand their internal experiences (Ekman
et al., 2005).
Emotion regulation and resonant frequency breath training. Heart rate variability,
which is directly manipulated by resonant frequency breath training, has been demonstrated to be
linked to subjective well-being; this relationship is mediated by emotion regulation (Geisler,
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Vennewald, Kubiak, & Weber, 2010). Unfortunately, few studies to date have examined the
impact of biofeedback induced changes in HRV upon emotion regulation. Based on the data
proposed by Geisler et al. (2010), it can be hypothesized that utilizing resonant frequency in
order to strengthen HRV will increase subjective well-being, and may potentially lead to an
increase in the use of effective emotion regulation strategies. HRV research has identified
correlations between level of HRV and changes in autonomic nervous system functioning,
cognitive thought patterns, and the presence of emotional distress (Thayer, Hansen, Saus-Rose,
& Johnsen, 2009).
Autonomic nervous system functioning and cognitive strategies have been related to
abilities in emotion regulation; however, the HRV studies examined individuals presenting with
high and low HRV. No studies to date have examined biofeedback induced manipulation of heart
rate variability to identify changes in emotion regulation strategies.
Emotion regulation and positive and negative affect. Emotion regulation strategies are
related to positive and negative affectivity. Based on the model of emotion regulation proposed
by Gross and John (2003), emotions are hypothesized to be downwardly regulated through
reappraisal strategies in order to result in lesser experiential, behavioral and physiological
responses. This is in contrast to suppression strategies, which should decrease expressive
behavior but not decrease emotional experience. Suppression strategies may increase
physiological responses to emotion based upon the cognitive effort needed to inhibit an ongoing
emotionally expressive behavior (Gross, 2002). These hypotheses have been confirmed in the
literature, and reappraisal strategies also did not exhibit a measurable physiological response in
terms of changes in heart rate and electrodermal response (Gross, 2002). These studies did not
examine differences in HRV between those using reappraisal and suppression strategies.
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Reappraisal and suppression strategies were examined regarding their potentially mediating roles
between the personality dimensions of extraversion and neuroticism with positive and negative
affect (Wang, Shi, & Li, 2009). Results indicated that neuroticism and extroversion contributed
indirectly to positive and negative affect through cognitive reappraisal methods in addition to the
direct relationships, and suppression strategies did not appear to exhibit a mediating role between
the personality and affective variables. These conclusions indicate that individuals with different
personality traits use emotion strategies in different manners to influence the affective
component that they perceive.
Emotion regulation also affects the relationship between heart rate variability and
feelings of subjective well-being. Greater heart rate variability has been linked to more frequent
positive mood, and this relationship is mediated by executive emotion regulation strategies
(Geisler et al., 2010).
Mindfulness meditation and resonant frequency breath training. Mindfulness
meditation and the benefits of HRV, as strengthened through resonant frequency breath training,
share many commonalities. Both mindfulness and resonant frequency have been associated with
various, similar physical and psychological benefits, such as decreasing symptoms of depression,
anxiety, and fibromyalgia (Brosschot et al., 2007; Hassett et al., 2007; Hofmann et al., 2010;
Kaplan et al., 1993; Karavidas, 2007). Mindfulness meditation often begins with orienting the
individual to awareness of their breathing and their pace of breathing; similarly, resonant
frequency utilizes a direct focus upon breath rate to manipulate respiratory sinus arrhythmia to
impact HRV (Hanh, 1975; Kabat-Zinn, 1984; Lehrer et al., 2000). Resonant frequency may also
share some similarities with other types of meditation, such as Transcendental Meditation, as
both practices involve directed, focused repetition (Cauthen & Prymak, 1977). Other cognitive
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exercises have demonstrated an ability to impact heart rate variability, as taking part in a
cognitive-behavioral training program has been associated with increased low frequency HRV
(Hansen et al., 2013).
The effects of slow, paced breathing from the lower abdomen in Rinzai and Soto
Buddhist monks were examined regarding the impact of the practice on HRV (Lehrer, Sasaki, &
Saito, 1999). These breathing practices, which occur during Zazen meditation, may produce
effects similar to biofeedback training programs upon HRV. For most of the practitioners,
respiration rates were between 0.05 and 0.15Hz, and HRV was observed to increase significantly
within the low frequency range and decrease in the higher frequency breathing range (0.240.4Hz). This is indicative of a shift in RSA. It was also observed that Rinzai practitioners
breathed at a slower pace than Soto practitioners, with one Rinzai master averaging one breath
per minute resulting in increases in very low frequency waves (Lehrer et al., 1999). This
indicates that the impact of Zen meditative practices on respiratory sinus arrhythmia and HRV is
potentially similar to the effects of resonant frequency biofeedback training.
Measurement of Constructs
Emotion regulation assessment. Emotion regulation has been an area of interest in
psychophysiological research as of late. Psychophysiological approaches to assessment of
emotion regulation involve testing procedures such as corrugator electromyographic and eye
blink startle measures that examine negative emotion and negative emotion regulation (Lee,
Shackman, Jackson, & Davidson, 2009). Both of these procedures involve measuring
physiological responses to affective stimuli, often pictures selected from the International
Affective Picture System. Both psychophysiological procedures were examined across four
weeks for test-retest reliability. These procedures have both demonstrated sensitivity to emotion
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manipulation at a single time point; however, only corrugator modulation has been identified as
capable of measuring consistent voluntary emotion regulation over time (Lee et al., 2009).
Although such assessment procedures are reliable in identifying emotion regulation, such
assessment procedures require equipment and resources beyond the capabilities of the current
research.
Emotion regulation has frequently been identified in studies utilizing a brief self-report
measure, the Emotion Regulation Questionnaire (ERQ; Gross & John, 2003). The ERQ is based
on the model of emotion formulation proposed by Gross and John (2003), in which emotions
first develop with an assessment of available emotional cues.
Gross and John (2003) developed the ERQ to identify the two commonly-used and
measureable emotion regulation strategies of cognitive reappraisal and distraction. Based on a
review of scientific literature, men were hypothesized to engage in suppressive strategies more
frequently than females due to the impact of Western gender roles. Individuals who are part of
ethnic minority groups were also expected to use greater degrees of suppression strategies due to
the risk of expression of emotion resulting in consequences from the majority group. Items for
the measure were developed rationally and evaluated for adherence to applying to either
cognitive reappraisal or suppressive strategies. Each strategy was addressed by one item
reflecting the manner in which negative emotions are processed. Development of the measure
resulted in 10 items being retained, six of which applicable to cognitive reappraisal and four that
apply to suppression strategies. The ERQ was evaluated and yielded substantial reliability and
validity. Utilization of the measure in a mixed gender sample revealed gender differences on the
suppression scale, in which men scored higher as predicted, while no difference was observed in
cognitive reappraisal strategies.
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Assessment of positive and negative affectivity. The Positive and Negative Affectivity
Scale (PANAS) was developed by Watson, Clark and Tellegen (1988) to assess positive and
negative affectivity. Positive and negative affectivity have been linked to psychobiological and
psychodynamic constructs that are sensitive to signs of reward and punishment. Analyses of the
PANAS subscales demonstrated low to non-significant correlations between positive and
negative affectivity scales, indicating that the two constructs are largely independent of one
another. The scale consists of 10 descriptors of positive affectivity and 10 descriptors of negative
affectivity. The PANAS demonstrated satisfactory reliability and validity. The PANAS was
developed with the additional goal of being able to assess affectivity on various temporal
periods, such as the current moment, the past day, past few days, past few weeks, past year, and
in general.
Assessment of mindfulness. Components of mindfulness identified across definitions are
description, observation, acting with awareness, nonjudgment, and nonreactivity (Baer, Smith,
Hopkins, Krietemeyer, & Toney, 2006). The five facets of mindfulness identified by Baer et al.
(2006) resulted from exploratory factor analysis of the pooled items from five existing measures
of mindfulness that were commonly used in research, with all measures sharing similar
conceptual definitions of mindfulness. The five measures examined were the Mindfulness
Awareness and Assessment Scale (MAAS), the Kentucky Inventory of Mindfulness Scale
(KIMS), the Cognitive and Affective Mindfulness Scale (CAMS), the Mindfulness
Questionnaire (MQ), and the Freiburg Mindfulness Inventory (FMI). These measures examined
trait values of mindfulness, while one measure, which examined state aspects of mindfulness, the
Toronto Mindfulness Scale (TMS), was not included in analyses (Lau et al., 2006). A
confirmatory factor analysis performed with a different sample population also identified the five
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facet structure. The five facets identified were operationalized as observing/noticing/attending to
sensations/perceptions/thoughts/feelings, describing/labeling with words, acting with
awareness/automatic pilot/concentration/no distraction, nonjudging of experience, and
nonreactivity to internal experience (Baer et al., 2006). These facets are represented as they
apply to the present moment in many of the descriptions of mindfulness previously identified.
Four of the five facets strongly correlated with the factor structure of the KIMS, as well as with
other measures, and the fifth factor, non-reactivity, was largely derived from elements of the
FMI and MQ. At the time of the present study, the FFMQ was the most comprehensive measure
available to evaluate mindfulness facets. However, since the study began, ongoing efforts have
been made develop increasingly sensitive measures of mindfulness, incorporating new research
to develop even more specific factor models (Bergomi, Tschacher, & Kupper, 2013). Current
research is in early development of a new mindfulness measure that will attempt to incorporate
nine factors. The validity, reliability, and generalizability of this new measure has yet to be seen,
but may be incorporated into future studies.
The FFMQ may not be a valid assessment tool of mindfulness outside of the United
States, as many of the questions on the measures used to develop the FFMQ were identified as
poor measures of mindful ability within student and Buddhist monk populations in Thailand; this
was due to substantial differences in scores between cultures, despite similarities in meditative
experience (Christopher, Charoensuk, Gilbert, Neary, & Pearce, 2009). Another study comparing
mindful ability in American Buddhist monks and Thai Buddhist monks identified higher scores
in the American population on the utilized measures, despite the likelihood of Thai monks being
more exposed Buddhist culture over the lifespan (Christopher, Christopher, & Charoensuk,
2009). The difference observed may be due to poor generalizability of specific items across
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cultures, and potentially due to the fact that the measures used operate from a Western
conceptualization of mindfulness, suggesting a fundamental discrepancy in operationalization of
the concept across cultures (Christopher, Charoensuk, et al., 2009; Christopher, Christopher, et
al., 2009).
Assessment of resonance. The ability to maintain resonance is often examined by a
practitioner’s ability to maintain high amplitude oscillations within heart rate variability near the
0.1 Hz range (Lehrer et al., 2000). This resonance is observed through physiological measures of
breath rate and heart rate, with breath rate observed through a midsection mounted elastic sensor,
and heart rate observed through a finger mounted pulse monitor. A software program records
constant resonance adherence and average adherence. The program identifies peak to peak time
spans between heart beats to identify heart rate variability. Heart rate variability was examined in
the low frequency range, between 0.05 and 0.15Hz, with resonance impacting HRV optimally
around the 0.1 Hz range. In this range, there is believed to be an desirable degree of balance
achieved between the sympathetic and parasympathetic nervous system. This is in contrast to the
high frequency HRV range, between 0.15 and 0.4 Hz, which is reflective of predominantly
sympathetic nervous system activation (Cacioppo et al., 2000). Adherence to maintaining
resonant frequency was identified by the participant’s ability to consistently breathe at the 0.1Hz
range of low frequency heart rate variability. Although the average frequency to establish high
amplitude oscillation is six breaths per minute (0.1 Hz), this frequency can vary somewhat
between individuals based on unique differences in each individual’s physiology (Lehrer et al.,
2000). Previous research has identified individual breath rates that result in 0.1Hz low frequency
heart rate variability to be as high as 6.5 breaths per minute and as low as 4 breaths per minute.
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Additional research has identified that individual variation often occurs between .075 and .12 Hz,
avg = .092 Hz, or 5.5 breaths per minute (Vaschillo, Lehrer, Rishe, & Konstantinov, 2002).
Future Directions for Emotion Regulation Research
The ability to regulate emotional processes has substantial implications for psychological,
cognitive, and physiological treatment. Research in emotion regulation has been encouraged to
grow in multiple directions. It has been suggested that future research should broaden the
evaluation of psychophysiological consequences; expand and include other theoretical
definitions of emotion regulation; assess long term health consequences of varying strategies of
emotion regulation; and relate emotion regulation to other important and beneficial forms of selfregulatory behaviors (Gross, 2002).
Summary of research design. Mindfulness meditation and resonant frequency breath
training was anticipated to exhibit similar impacts upon emotion regulation. Although
mindfulness is a largely cognitive process expressing conscious attention to impact physiological
processes, resonant frequency breath training manipulates a physiological process to have an
impact upon conscious thought processes. By combining these approaches, emotion regulatory
processes may be able to be strengthened in a more efficient manner while also yielding
substantially greater benefit. It was hypothesized that the benefits of gains in emotion regulation
due to the combined intervention approach would also yield benefits in terms of greater
reduction in overall distress, decrease in negative affectivity, increase in positive affectivity, and
increase in mindfulness skill acquisition. The combined approach was anticipated to demonstrate
substantially greater effects than either the mindfulness meditation or resonant frequency breath
training groups alone.
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The current research utilized a 2x2 design to investigate the impact of mindfulness
meditation and resonant frequency breath training upon emotion regulation. Participants were
assigned to one of four conditions and took part in a three-session training program over the
course of two weeks. Participants in all conditions were asked to practice the assigned
intervention on a daily basis. Statistical analyses of this design allowed for the identification of
reciprocal and mediating roles for similar components found in each type of intervention. A
model of effects between mindfulness meditation, resonant frequency manipulated HRV, and
emotion regulation could be developed from the current research. Additionally, emotion
regulation was examined in terms of sum use of regulatory strategies in relation to effective use
of healthy regulatory strategies, that is, individuals utilizing greater cognitive reappraisal
strategies were expected to exhibit increased positive affectivity and decreased negative
affectivity.
Aspects of the current research were completed in collaboration with Roy Geib, Ph.D.
and Hung Tao Li, Ph.D. of the Indiana University School of Medicine. Drs. Geib and Li
examined biological markers of trait aspects of stress, particularly cortisol and cytokine levels
present in the sample population across conditions.
Hypotheses
A number of hypotheses were proposed by the current research. Specifically, the
following were proposed:
1. The combined mindfulness meditation and resonant frequency breath training group was
anticipated to exhibit the greatest gains in emotion regulation, increases in positive
affectivity, and decreases in negative affectivity when compared to other treatment and
control groups.
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2. The combined mindfulness meditation and resonant frequency breath training group was
anticipated to exhibit the greatest decrease in sub-clinical stress and anxiety symptom
endorsement when compared to the other treatment and control groups.
3. The resonant frequency group was predicted to be associated with greater improvement
in low frequency heart rate variability and greater increases in body temperature than the
mindfulness meditation group.
4. The combined mindfulness meditation and resonant frequency group was expected to be
associated with greater gains in the mindfulness skills of description, observation, and
acting with awareness.
5. Individuals trained in mindfulness meditation who made gains in nonjudgment and
nonreactivity were expected to endorse greater use of the cognitive reappraisal emotion
regulation strategy than meditators who did not make gains in nonjudgment and
nonreactivity skills.
A model of the hypothesized relationships between concepts can be found in Figure 3.
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CHAPTER 2

Methods

Overview and Design
The current research examined the impact of mindfulness meditation and resonant
frequency breath training on emotion regulation across three training sessions occurring over a
three week period. Analyses examined individual group differences, incorporating repeated
measures and a 2X2 design as necessary to examine hypotheses. Analyses investigated the
combined mindfulness meditation and resonant frequency breath training, mindfulness
meditation training only, resonant frequency training only, and control groups.
Power analysis. A power analysis was conducted on the PANAS to identify the
necessary sample size in order to achieve a medium to large effect size (0.5). Previous research
has identified PANAS means in a non-clinical student population that were introduced to
mindfulness meditation practices and exposed to negative slides as 7.2 (SD = .85) on negative
affectivity, and 8.19 (SD = 2.62) on positive affectivity (Arch & Craske, 2006). The same
individuals, when exposed to positive slides, exhibited a negative affectivity mean of 4.85 (SD =
.54) and a positive affectivity mean of 11.05 (SD = 4.74). This study exhibited a large effect size
for negative affectivity (0.86), and a medium effect size for positive effect size (0.40). In order to
achieve significance at p<.05 in a four-group design, the minimum sample size necessary is 76
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participants. A smaller sample would achieve significance necessary to compare combined
training to either mindfulness only or resonant frequency only groups. Power analysis was
completed using G Power software (G Power, 2012).
Participants
Data were obtained for 82 undergraduate student participants. A total of 88 students
entered the study, with six participants dropping from the study after the first or second session.
Individuals who dropped out of the study did not respond to efforts to re-engage in the study, and
did not indicate a formal reason for leaving the study. Their data were removed from analyses.
As anticipated, female and Caucasian students were overrepresented due to the demographic
characteristics of the university’s undergraduate population. In order to achieve as homogeneous
a sample as possible, inclusion criteria restricted participants to students between the ages of 18
and 25. This was done in order to limit potential variability in training due to age, and age related
health factors. Participants were required to not have had any previous formal meditation or
breath training experience that was directed toward increasing relaxation or elevating mood.
Participants reflected a non-clinical sample; all participants were screened to identify history of
clinical distress or psychological symptoms occurring in the six months prior to enrollment in the
study that may interfere with the design of the study (i.e., manic episode, major depressive
episode, panic attacks, dissociative identity disorder, oppositional defiant disorder,
schizophrenia, etc.).
Certain populations were excluded from participation by design in order to maintain
homogeneity in the sample and uniformity across treatment groups. Individuals who exhibited
physical health problems that may impact breathing, heart rate, or ability to participate in the
study (i.e., asthma, high blood pressure, pacemaker, etc.) were excluded. Any individuals taking
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medications or substances that may acutely impact the physiological or psychological processes
observed in the study (i.e., medications that regulate circulatory and cardiac function, short
acting anti-anxiety medications, illegal drugs) or any individual who had not been stabilized on a
consistent amount of an anti-depressant medication were not included in the study. Participants
who indicated that they might drastically change or cease use of any substances that may impact
anxiety, alertness or physiological processes (i.e., caffeine, nicotine) over the course of the study
were not included.
Demographics. The participants were randomized into the four training groups, with a
minimum target of 19 participants per group based upon power analysis estimates. Of the 82
participants, 21 were in the control group, 21 were in the mindfulness meditation group, 20 were
in the resonant breathing group, and 20 were in the combined mindfulness and resonant
breathing group.
Participant demographics were expected to reflect the general distribution of the student
population at Indiana State University during the 2011-2012 academic year. Information from
the university identified that 53.2 percent of the student population was female, 75.3 percent
identified as Caucasian, 14.7 percent identified as African American, and 4.4 percent identified
as Hispanic, Asian, or of a multiethnic background.
In the present study, 72 percent of study participants were female, reflecting that more
women than men were inclined to participate than anticipated. Refer to Table 1. Gender
distribution was relatively similar across the groups, with female participants comprising of 76.2
percent of the control group, 76.2 percent of the mindfulness only group, 75 percent of the
resonant breath training only group, and 60 percent of the combined group. 68.3 percent of
study participants identified themselves at Caucasian, 22 percent as African American, and 9.7
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percent as Hispanic, Asian, or of a Multiethnic background. Due to the small sample size of
African American, Hispanic, Asian, and Multiethnic individuals, participants from those groups
were combined into a single category for analyses.
The overall sample consisted of individuals age 18 through 25 years. 34.1 percent of
participants were in their first year of undergraduate education, 26.8 percent were in their second
year, 22 percent were in their 3rd year, 14.6 percent were in their 4th year, and 2.4 percent had
completed more than four years of undergraduate education.
Chi-square tests for goodness-of-fit were performed to determine whether sample
population accurately reflected the population distribution at Indiana State University. Results
for gender were statistically significant, χ2 (1, ' = 82) = 11.58, p < .01, with more women being
represented in the sample than would be anticipated based upon the university population.
Results for ethnicity were also significant, with more individuals of African American or other
minority backgrounds represented in the sample than expected, χ2 (2, ' = 82) = 8.06, p = 0.02.
Experimental Training
The primary independent variables used in this study are a mindfulness meditation
training program, a resonant frequency training program, a combined mindfulness and resonant
frequency training program, and a control group. Each group will be examined independently,
with some additional analyses examining the two independent variables at two levels, the
presence or absence of mindfulness meditation training or resonant frequency breath training.
Each group required participants to attend three weekly, individualized, approximately half hour
sessions. Three sessions was anticipated to be sufficient to identify gains based upon the results
observed in Cuthbert et al. (1981), in which a facilitator guided mantra based meditation was
used. Individuals in each group were assessed at baseline and at the start of each session on the
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Table 1:
Demographic Distribution By Group

Variable

Control

Mindfulness

Resonance

Combined

Total

Male
Female

5
16 (76.2%)

5
16 (76.2%)

5
15 (75%)

8
12 (60%)

23
59

Caucasian
African American
Hispanic, Asian or
Multiethnic

13 (61.9%)
6 (28.5%)
2 (9.5%)

14 (66.7%)
6 (28.6%)
1 (4.8%)

13 (65%)
4 (20%)
3 (15%)

16 (80%)
2 (10%)
2 (10%)

56
18
8

Freshman
Sophomore
Junior
Senior or 5th year

6 (28.6%)
7 (33.3%)
5 (23.8%)
3 (14.3%)

6 (28.6%)
8 (38.1%)
2 (9.5%)
5 (23. 8%)

6 (30%)
6 (30%)
5(25%)
3 (15%)

10 (50%)
1 (5%)
6 (30%)
3 (15%)

28
22
18
14

Note: Control ' = 21, Mindfulness ' = 21, Resonant Frequency ' = 20, Combined ' = 20.
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ERQ, FFMQ, the Depression, Anxiety and Stress Scales (DASS-21; Henry & Crawford, 2005)
and PANAS – past week version (PANAS-W; Watson, Clark & Tellegen,1988). Participants
were assessed after completion of each intervention training on the PANAS – current moment
version (PANAS-M; Watson, Clark & Tellegen,1988). Each participant was assessed for
average breath rate, average temperature, change in temperature from start to finish of a given
training session, and average low frequency HRV (percentage of HRV in Hertz in the 0.05 and
0.15 range) while the intervention specific to that group was being applied. Salivary swabs were
taken at baseline and at the end of the final intervention period to assess cortisol and cytokine
levels. These swabs are part of a concurrent study investigating biological changes that result
from brief meditation training. Materials relevant to the various experimental training groups
may be found in Appendix B. Home practice was assigned to all participants, with the homework
task varying by group. When participants returned for the second and third sessions, they were
briefly assessed for adherence to practice outside of formal intervention sessions. These data
were used to determine if degree of reported home practice was correlated with change in
dependent variables. Home practice was not identified as a covariate upon any outcomes.
Mindfulness meditation group. The mindfulness meditation group consisted of three
weekly trainings in mindfulness practice. Participants completed baseline assessment prior to
engaging in the first intervention session. Mindfulness instruction was administered audibly
through a 20 minute instructional recording on a compact disc. The same instructional recording
was administered at each of the treatment episodes. Physiological variables were monitored
throughout the duration of intervention period. The PANAS-M was completed after
administration of the intervention. Participants were given a compact disc with a ten minute
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mindfulness meditation instruction they were asked to practice daily between intervention
periods.
Resonant frequency group. The resonant frequency training group consisted of
individuals trained to breathe at their optimal resonant frequency. The initial session identified an
individual’s resonant frequency based upon the brief protocol outlined by Lehrer (2000). Using a
metronome recording, participants were instructed to breathe in pace with the metronome
initially at a pace of six and a half breaths per minute. After two minutes breathing at that pace,
the pace decreased by a half breath per minute until an individual was breathing at 3.5 breaths
per minute. During each two minute period, the individual’s HRV was monitored to identify that
person’s percentage of coherence to the low frequency HRV range, within which breathing can
have a resonant impact upon HRV. The breath rate that yielded the highest coherence to the low
frequency HRV range was identified as the individual’s optimal breath rate for the study. Once
resonant breath pace was established, the first intervention period began and they were asked to
breathe at that pace for 20 minutes. Pace was kept by a recording of a metronome program.
During breathing at resonant pace, each participant was assessed on the physiological variables.
Upon completion of the 20 minute intervention period, the PANAS-M was administered.
Each participant was asked to practice breathing at their resonant frequency at home for
10 minutes each day by listening to a compact disc recording of the metronome program set to
the individual’s identified optimal breath rate.
Combined mindfulness and resonant frequency training. The combined mindfulness
and resonant frequency training group required participants to attend three weekly individualized
sessions. At the first session, each individual’s resonant frequency was established utilizing the
same technique as the resonant frequency only group. Participants were then asked to breathe at
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their resonant frequency as paced by a recording of a metronome, while receiving training in
mindfulness meditation. Mindfulness meditation instruction was the same 20 minute protocol as
participants were given in the mindfulness meditation training only group. While participants
were breathing at resonant frequency and following instruction in mindfulness meditation, the
physiological variables were monitored. After completion of the intervention period, participants
completed the PANAS-M. Between intervention periods, participants were asked to practice
breathing at resonant frequency while receiving instruction on mindfulness practice for ten
minutes each day. Participants were given an audio recording combining playback of the 10
minute mindfulness meditation training with the recording of the metronome set to the
individual’s optimal breath pace.
Control group. The control group required participants to sit quietly for 20 minutes with
no additional instruction given. A non-instructional auditory stimulus, sounds of rain, was
provided during the monitoring period. During this time participants were monitored for
physiological variables. Upon completion of the 20 minute period, participant completed the
PANAS-M. Those in the control group were asked to sit quietly for 10 minutes each day as their
home practice. Participants randomized to the control group were offered a group format of
mindfulness meditation training at the conclusion of data collection.
Measures
Primary dependent variables were measures of mindfulness, heart rate variability,
affectivity, and emotion regulation. Secondary dependent variables were heart rate, body
temperature, and severity of mood and anxiety symptoms. Complete copies of the measures are
available in Appendix B.
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The Depression Anxiety Stress Scale-21 (DASS-21). The DASS-21 is a short form
version of the Depression Anxiety Stress Scales, consisting of three 7-item self-report scales.
The scale consists of 21 items that load onto one of the three scales: low positive affectivity,
physiological hyperarousal, and negative affectivity, respectively associated with depression,
anxiety and stress (Lovibond & Lovibond, 1995; Henry & Crawford, 2005). The DASS-21 uses
a 4-point severity scale to assess the degree to which each of the three affective constructs have
been experienced over the past week (Henry & Crawford, 2005). Some evidence has suggested
that all three scales factor into a general dimension of psychological distress. The DASS-21 has
demonstrated adequate internal consistency and construct validity. Change in DASS-21 scores
from baseline to the final session will identify reduction in depressive and anxiety-related
symptoms that may occur over the course of treatment. Each group was examined for change on
the individual DASS-21 scales as well as the total scale.
The Emotion Regulation Questionnaire (ERQ). The ERQ reappraisal and suppression
scales were identified as being independent of one another, and the two strategies used together
were additive rather than interactive. Men have been observed to score slightly higher on the
suppression scale, and with no gender differences observed on the reappraisal scale (Gross &
John, 2003).
Internal consistency has been reported to be strong for both subscales, with Cronbach’s α
averages of .79 for the reappraisal scale and .73 for the suppression scale. Test-retest reliability
was reported to be .69 on both of the scales across a three month time period in an undergraduate
sample (Gross & John, 2003). The measure has exhibited strong convergent validity, with
suppression being related to inauthenticity and reappraisal was related to coping through
reinterpretation. Discriminant validity has also noted; reappraisal was negatively related to
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neuroticism and suppression was negatively related to extraversion. Validity findings suggest
that higher reappraisers use reinterpretation strategies to cope with stress and have a strong
ability to repair and regulate negative moods, whereas higher suppressors feel inauthentic,
evaluate emotions in negative terms, and exhibit decreased abilities to regulate and repair
negative moods. It was expected that use of emotion regulation strategies would increase over
the course of treatment, with mindful meditators exhibiting an increase in the use of cognitive
reappraisal strategies. Each group was evaluated on each emotion regulation scale independently,
as well as on the total endorsement of both strategies.
The Positive and egative Affectivity Scale (PA AS). The PANAS is a self-report
measure consisting of two 10-item scales, with a five-item ranged response, designed to measure
positive affectivity and negative affectivity independently of one another (Watson, Clark &
Tellegen, 1988). The PANAS can be utilized in a variety of temporal formats, with substantial
research on the format asking participants to reflect on their experiences in the past week
(Crawford & Henry, 2004). The current research will examine participants’ PANAS scores at
both the state (how they feel at the current moment) and trait (how they felt over the past week)
levels. High scores in negative affectivity reflect reports of distress and displeasure and low
negative affectivity identifies the absence of these feelings, and high scores in positive affectivity
are characterized by high frequency of pleasurable engagement in one's surroundings.
Research on the PANAS in non-clinical samples suggests that the positive and negative
affectivity scales are not entirely independent of each other, with some models reflecting low to
moderate negative correlation; however, it has been suggested that this does not threaten validity
(Crawford & Henry, 2004). The PANAS has exhibited strong internal consistency, Cronbach's α
=.89 on the positive affectivity scale, and Cronbach's α = .85 for the negative affectivity scale
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(Crawford & Henry, 2004). Means in a non-clinical student population were 33.3 (SD=7.2) on
the positive affectivity scale, and 17.4 (SD = 6.2) on the negative affectivity scale (Crawford &
Henry, 2004; Watson, Clark & Tellegen, 1988). Positive affect was expected to increase as a
result of mindfulness intervention, and negative affect was expected to decrease due to both
mindfulness intervention and resonant frequency training.
The Five Facet Mindfulness Questionnaire (FFMQ). The FFMQ is a 39-item selfreport measure, and was derived from five existing measures of mindfulness. Exploratory factor
analysis was completed across items of existing measures to identify five core facets that
determine the concept of mindfulness (Baer et al., 2006). A confirmatory factor analysis
established the replicability of the five-factor structure as components of an overall mindfulness
construct. The FFMQ measures these five facets of mindful experience: observing, describing,
acting with awareness, nonreactivity to inner experience, and nonjudging of inner experience.
Item responses are scored on a range from 1 (never or rarely true) to 5 (very often or always
true). In the present study, individual FFMQ scales were examined, as well as the total scale
score.
The FFMQ has exhibited good internal consistency across samples, and the hierarchical
factor structure of the measure represented substantial intercorrelation between factors in
samples of meditators and non-meditators alike, indicative of measuring the common general
construct of mindfulness. All mindfulness factors exhibited a Cronbach's α between .72 and .92
across samples, with the exception of the nonreactivity scale. In sample of students, the
nonreactivity scale Cronbach's α = .67, but exhibited alpha coefficients between .81 and .86
among the other sample populations. Intercorrelations of factors ranged from .32 to .56,
suggesting factors are related yet distinct (Baer et al., 2008). It was expected that mindfulness
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ability will increase in mindful instruction training groups, and this increase in ability will be
reflected on the FFMQ.
Physiological measures. Breath rate, heart rate, low frequency HRV, and temperature
were monitored during each intervention period. A biofeedback device, Nexus-10, utilized three
channels of input capable of identifying and recording HRV, heart rate, breath rate, and
temperature. The packaged software monitored, interpreted, and recorded coherence to low
frequency heart rate variability, as well as temperature, breath rate, and heart rate. The Nexus
gathered physiological data for each individual participant at each time point. Temperature,
Breath rate, heart rate, and low frequency HRV were recorded as difference scores from the
beginning to the end of each intervention period as well as averaged across each intervention
period, in order to identify change within treatment sessions as well as across sessions.
Inclusion of high frequency HRV analyses. Although not part of the study as it was
originally proposed, additional analyses were completed examining group coherence to the high
frequency HRV range. The high frequency HRV range is identified as the range from 0.15 to 0.4
Hz, and coherence is determined by the percentage of an individual’s HRV that falls within that
range. The desired effect of the resonance training is to achieve balance between sympathetic
and parasympathetic systems, exhibited during coherence to the low frequency HRV range of
0.05 to 0.15 Hz, as supported by resonant frequency research (Lehrer et al., 2000). Identifying
coherence to the high frequency HRV range aided in identifying groups with a tendency to
exhibit less balance between the systems, as high frequency HRV has been related to greater
sympathetic system activation over the parasympathetic system. It was expected that groups with
a resonance component of training would exhibit less coherence to the high frequency HRV
range than groups that did not receive a resonance component of training. High frequency HRV
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data were gathered from session data after data collection was complete. This data was collected
by the Nexus -10 and the software computed the values after low frequency HRV data was
imported. These data were examined to derive similar difference scores and average session
scores as the other physiological measures.
Methods of examining physiological data. After initial review of mean session change
across the two week period on physiological variables, all physiological data were examined in a
variety of post hoc analyses in order to determine the most sensitive measures of change. All
physiological data were reviewed to derive values from the first and last minute of each training
session, with the exception of the first training session, in which data gathered immediately prior
to beginning training, was utilized. The data gathered prior to the beginning of the first training
were examined as a pre-intervention, baseline score. Each sample from the start of trainings was
examined for group differences, as were samples from the end of each training. Difference scores
were derived after initial analyses were complete to examine change within each training, as well
as a difference score from baseline to the final observation at the third training period.
Additionally, physiological variables were averaged across the training period and were
examined for group differences as well. Recording scores in this manner allowed for
identification of physiological changes due to each intervention period as well as tracking change
across time periods. Average breath rate and low frequency HRV coherence aided in identifying
the individuals’ engagement in instruction of the mindfulness and resonant breath frequency
training.
Breath rate. One input utilized a respiratory band to record breath rate data. Software
recorded the change of tension on the band as a person inhaled and exhaled. This data was then
converted into breaths per minute.
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Heart Rate. Another input was a finger-mounted pulse monitor capable of recording
pulse rate. This sensor measured blood volume pulse (BVP) by measuring change in light passed
through a participant’s finger as blood pulsed through individual. Software used this information
to calculate heart rate in beats per minute.
Low Frequency and High Frequency Heart Rate Variability. The same finger mounted
BVP sensor was utilized to measure variation in heart rate inter-beat intervals (HRV). BVP data
was analyzed by software to identify the inter-beat intervals, and convert this information to
spectral analysis of heart rate variability, as well as a percentage of coherence to a predetermined
range. Low frequency HRV was examined initially, and high frequency HRV analyses were
completed later.
As some previous studies have examined HRV in terms of the presence or absence of
substantial variation, the present research will examine low frequency HRV as it relates to
resonance. These high frequency HRV and low frequency HRV ranges are observed in terms of
Hertz in relation to HRV. Individuals can demonstrate coherence to HRV in a range from 0.01 to
0.4 Hz. This range is broken down, for the range of interest in the study is the low frequency
HRV range, from 0.05 to 0.15 Hz. This range reflects the greatest balance between sympathetic
and parasympathetic functions over the heart, whereas the high frequency HRV range, from 0.15
to 0.4 Hz is considered to be related to activation of the sympathetic nervous system (Cacioppo,
2000). At about 0.1 Hz, in the middle of the low frequency HRV range, is where resonance from
breathing impacting HRV is believed to maximally occur (Lehrer et al., 2009).
Temperature. A second input incorporated a finger-mounted temperature monitor. This
monitor was at the end of a sensor wire, which measured the individual’s peripheral body
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temperature taken from the ring finger of the non-dominant hand. The sensor was sensitive to
within one hundredth of a degree Fahrenheit.
Procedures
Personnel. All assessments, intervention protocols, and data tracking were completed by
the researchers or research assistants. Research assistants were master’s-level students in clinical
or counseling psychology who completed thorough training in the administration of each
intervention. Research assistants also conducted baseline interviews, administered interventions,
and recorded data in a standardized manner.
Statistical Analyses
Before analyses were completed, the raw data were reviewed. Data from individuals who
did not complete all three trainings were removed from analyses. Data were reviewed for
missing responses. None of the participants left more than 20 percent of any subscale blank. For
blank responses, values were imputed with the mean of the answered scale items.
Descriptive statistics. An initial descriptive statistical analysis was performed. The
distribution of gender, ethnicity, and year in school was examined and compared to the
distribution of the student population at Indiana State University using a chi square analysis.
Measure responses were examined at baseline for differences by gender, ethnicity and year in
school through the use of ANOVAs and independent means t-tests. A series of ANOVAs were
completed on baseline data to identify potential group differences on scales or subscales prior to
administration of interventions.
Bivariate statistics. A set of t-tests examined potential differences between the
mindfulness meditation only treatment group and the resonant frequency only treatment group
across variables. Significant effect sizes were reported. The mindfulness group was expected to
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exhibit more significant gains on the FFMQ, and the resonant frequency group was expected
exhibit more significant gains in increased HRV, and temperature. No significant differences
were anticipated on the ERQ, PANAS, or DASS-21. The mindfulness and resonance groups
were also compared regarding physiological variables using independent means t-tests.
Individuals receiving mindfulness training from both the mindfulness only group and the
mindfulness and resonant frequency breath training group were separated by those who did and
those who did not make significant gains on the nonjudgment and nonreaction skills. Difference
scores on these skills between baseline and final assessment were evaluated, and gains in
nonjudgment and nonreaction skills were identified as those whose scores are at least 30% of one
standard deviation higher than the mean on each variable.
Correlations of change scores were completed to identify relationships between scale
scores. Correlations examined physiological variables in relation to one another, psychological
variables in relation to one another, and psychological variables in relation to physiological
variables. Confidence intervals for significant correlations were reported.
Hypothesis testing. A series of ANOVAs were completed to identify differences
between the four groups in terms of overall change on each physiological and psychological
measure. Overall change was determined by calculating the difference between initial scores and
final scores. Repeated measures ANOVAs were completed to investigate the presence of
quadratic effects. No such effects were observed, and ANOVAs examining change scores were
completed. All hypotheses were examined for reported adherence to home practice as a potential
covariate. Home practice was not identified as a significant covariate in any analysis. Follow-up
analyses attempted to identify individual differences between groups on significant ANOVA
results. Hypotheses were also tested utilizing a series of 2x2 ANOVAs to determine the effect of
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the presence or absence of mindfulness training or resonance training on relevant variables’
change over time. To test the hypotheses that compared the combined group to the other groups
on change over the course of the study on emotion regulation, positive affectivity, negative
affectivity, sub clinical stress, anxiety, and depression, and mindfulness skills, a series of oneway ANOVAs were completed to identify group differences on change scores on the subscales
and total scale of the ERQ, subscales of the PANAS, the subscales and total scale of the DASS21, and the subscales and total scale of the FFMQ. To test the hypothesis that the resonant
frequency group would be associated with various physiological changes, a series of ANOVAs
were completed evaluating group change scores on these measures.
To investigate the hypothesis that meditators who make gains on nonreactivity and
nonjudgment would exhibit greater gains on emotion regulation strategies, subsets of meditators
who exhibited change scores 0.3 standard devations above the mean on both mindfulness factors
were distinguished, as were those who demonstrated change 0.3 standard deviations below the
mean. A series of t-tests were planned to compare the ERQ scores of those who made gains with
the ERQ scores of those who did not make gains on the nonreactivity and nonjudgment
subscales. Correlational analyses were also investigated to determine the relationship between
mindfulness factors, resonant breathing components, and emotion regulation abilities.
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CHAPTER 3

Results

Baseline Assessment
Demographic assessment. Analyses were completed to identify potential differences by
gender, ethnicity, or year in college prior to intervention. Analyses were not completed by age as
criteria for involvement in the study consisted of a narrow age range. A series of independent
samples t-tests revealed no significant gender differences on self-report measures at baseline (see
Appendix A1). Analyses of variance were completed on all baseline psychological measures to
identify potential differences by year in college and ethnicity prior to intervention. Individuals
who identified themselves as 5th year seniors were encoded as seniors. Differences on the
PANAS-W Positive approached significance, with seniors exhibiting higher scores. See
Appendix A2.
Differences on psychological measures were observed when examining ethnicity. Due to
small sample sizes, individuals who identified themselves as African American, Asian, Hispanic,
or of more than one ethnicity were combined into one group. A series of independent samples ttests were completed. Those in the minority group (M = 48.31, SD = 9.41) endorsed more ERQ
total scale items than the Caucasian group (M = 43.52, SD= 8.68), t(80) = -2.26, p =.03, Cohen’s
d = 0.51, reflecting a medium effect. The combined group had a higher score (M = 21.96, SD =
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5.99) on the Negative Affect subscale of the PANAS past week version than did the Caucasian
group, (M = 19.07, SD =4.48), t(80) = -2.44, p =.02, Cohen’s d = 0.55, also demonstrating a
medium effect size. Baseline means by ethnicity are shown in Appendix A3.
Baseline differences by group: Psychological variables. All psychological measures
were subjected to an analysis of variance at each session comparing each of the four individual
groups to each other to rule out group differences. Significance was established at the .1 level to
maximally identify potential differences that might otherwise be limited due to the brief nature of
the overall intervention or the reduced individual group size.
At baseline, one-way ANOVA results demonstrated unanticipated differences between
groups on the DASS-21 Stress scale, F(3, 78) = 2.7, p = .05, η2 = 0.09 indicating a medium
effect size; the DASS-21Anxiety scale, F (3, 78) = 3.79, p = .01, η2 = 0.13, reflecting a medium
to large effect size; and the DASS-21 total score, F(3, 78) = 2.6, p = .06, η2 = .09, indicating a
medium effect size. On the DASS-21 Stress scale, a post-hoc Sheffé test did not identify any
significant differences between particular groups. A post-hoc Sheffé test on the DASS-21
anxiety scale did identify a significant group difference between the resonant only (M = 11.76,
SD = 3.03) and combined group (M = 9.1, SD = 2.13). No other group differences were
identified. Another post hoc Sheffé test examined results on DASS-21 total scale, and no
significant differences between individual groups were observed. Baseline means by group on
affectivity measures are shown in Appendix A4.
In examination of 2X2 analyses of the DASS-21 Stress and Anxiety subscales at each
assessment period, a significant main effect was found on the Stress scale for mindfulness at
baseline assessment, F (1, 78) = 7.69, p <.01, η2 = 0.01, yielding a small effect size. A significant
main effect was observed on the Anxiety scale for mindfulness at the baseline, F (1, 78) = 9.59, p
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< .01, η2 = 0.01, and third assessment periods, F (1, 78) = 3.11, p =.08, η2 = 0.00, yielding small
effect sizes.
Differences at baseline were also observed on one-way ANOVAs examining the FFMQ
Observe scale, F (3, 78) = 2.15, p = .1, η2 = 0.08, reflecting a medium effect size, and the FFMQ
total scale, F (3, 78) = 2.15, p =.1, η2 = 0.08, demonstrating a medium effect size. Post hoc
Scheffé tests did not identify any significant individual group differences on either the Observe
scale or the FFMQ total scale. Baseline means by group on mindfulness measures are shown in
Appendix A5.
Baseline differences by group: Physiological variables. A full, 20 minute baseline for
physiological data were not gathered due to time constraints. As an alternative, baseline
measures on physiological variables were obtained for all groups by taking samples of
physiological data while participants were awaiting the beginning of instruction for the first
training period. These observations occurred over approximately one minute. Measurements for
heart rate, breath rate, low frequency heart rate variability, and high frequency heart rate
variability were examined during the first minute of observation.
Initial temperature data were gathered slightly later, as the thermister can take upwards of
30 seconds to calibrate to an individual’s body temperature. Baseline temperature values were
derived from a two minute observation approximately 45 seconds after the start of the initial
observation. Individuals in the resonance only and combined groups were sampled prior to
resonance pace testing. Individuals in the mindfulness only group were sampled while they were
awaiting the start of audio instructions. The control group was sampled during the first moments
they were observed, as they did not receive any formal training instructions.
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In baseline analyses of physiological measures, a one-way ANOVA yielded a significant
effect for heart rate, F(3, 77) = 3.23, p = .03, η2 = 0.11, indicating a medium effect size. Post hoc
analysis using a Scheffé test indicated a significant mean difference between the mindfulness (M
= 72.96, SD = 9.04) and the combined training (M = 82.61, SD = 11.16). No other significant
group differences were observed. Refer to Table 11. No significant group differences were
identified for breathing rate, coherence to low frequency HRV, coherence to high frequency
heart rate variability, or temperature. Refer to Tables 11-15.
Overall Change and Primary Analyses
Psychological and physiological measures were examined to identify group patterns from
baseline to completion of the third session. Repeated measures analyses were completed to
examine the presence of quadratic effects. If the analysis did not exhibit quadratic effects, change
scores were utilized to examine linear change from baseline to final assessment. Change scores
were examined for significant group differences.
Overall change on psychological measures. Some psychological measures exhibited
significant group differences in change scores over the course of the study. See Table 2.
Differences were observed on the DASS 21 Stress Scale, the FFMQ Acting with Awareness
subscale, and the FFMQ total scale.
Change on the DASS-21 scales. The combined mindfulness meditation and resonant
frequency breath training groups were predicted to exhibit the greatest decrease in subclinical stress and anxiety symptom endorsement when compared to the other treatment and
control groups.
A one-way ANOVA was completed on overall change of the DASS-21 Stress Scale, F(3,
78) = 2.36, p = .08, η2 = 0.07, reflecting a medium effect size. The ANOVA was completed
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Table 2.
Change Scores from Baseline to Third Session on Psychological Measures by Group

Variable

Control

Mindfulness

Resonance

Combined

DASS-21 Depression
Mean
-0.38
SD
3.53

0.58
1.96

-0.22
2.55

-0.40
3.47

DASS-21 Anxiety
Mean
-0.95
SD
2.95

-0.71
2.59

-1.42
3.81

0.35
3.79

DASS-21 Stress
Mean
-2.03
SD
3.61

0.00
2.59

-2.59
3.81

-0.13
5.41

-0.83
6.97

-4.23
7.95

ERQ Reappraisal
Mean
-1.01
SD
7.96

0.19
5.86

-1.85
4.45

0.00
4.77

ERQ Suppression
Mean
0.19
SD
5.2

-0.43
3.23

-0.33
3.08

-1.05
4.58

ERQ Total
Mean
SD

-0.24
6.68

-2.18
6.33

-1.05
5.71

PANASw Positive
Mean
-2.00
SD
6.17
PANASw Negative
Mean
-1.24
SD
4.31

-5.43
7.15

-1.95
7.17

-4.55
6.93

-3.80
5.22

η2

0.51

0.02

1.71

0.06

2.36†

0.08

1.27

0.05

0.52

0.02

0.31

0.01

0.26

0.01

1.02

0.04

0.65

0.03

-0.77
3.79

DASS-21 Total
Mean
-2.51
SD
8.58

-0.82
9.54

F

-2.90
7.78

-1.55
8.12
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Change Scores from Baseline to Third Session on Psychological Measures by Group

Variable

Control

Mindfulness

Resonance

Combined

PANASm Positive
Mean
2.24
SD
5.24

-1.38
8.09

0.00
6.53

-0.20
7.95

PANASm Negative
Mean
0.67
SD
7.13

0.05
2.38

1.40
5.11

1.00
5.43

FFMQ Observe
Mean
0.38
SD
34.22

1.25
4.25

0.87
3.69

3.15
5.10

FFMQ Describe
Mean
0.68
SD
3.18

-0.51
2.45

-0.78
2.91

-0.90
4.66

0.11
4.1

FFMQ Nonjudgment
Mean
-0.99
SD
4.37

-2.88
5.67

-2.89
4.76

-0.25
5.51

FFMQ Nonreactivity
Mean
0.53
SD
3.65

0.81
2.75

-0.25
2.27

1.23
3.59

-2.74
9.81

-3.96
10.6

η2

0.97

0.04

0.24

0.01

1.58

0.06

1.15

0.04

2.68†

0.09

1.41

0.05

0.80

0.03

2.44†

0.09

-0.10
2.17

FFMQ Act with Awareness
Mean
1.89
-1.41
SD
3.65
3.81

FFMQ Total
Mean
2.50
SD
12.54

F

4.14
12.3

Note: † p <.1; *p<.05; **p <.01. Control group N =21, Mindfulness group N = 21, Resonant
Breathing group N = 20, Combined group group N = 20, Total N = 82.
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using contrast codes to compare the combined group to all other groups, the mindfulness only
and resonance only groups to the control, reflecting no significant results. Contrast analysis also
compared the mindfulness only to resonance only group, F (1, 78) = 5.69, p = .02, η2 = 0.06,
reflecting a medium effect size. In the last comparison, the mindfulness only group exhibited no
change over the course of the study, (M = 0.00, SD =2.56), whereas the resonance only group
demonstrated a significantly greater decrease in stress (M =-2.56, SD = 3.81).
A one-way ANOVA was also completed on overall change of the DASS-21 Anxiety
Scale, which was not significant. Contrast codes were utilized in the analysis to compare the
combined group to all other groups, the mindfulness only and resonance only groups to the
control group, and the mindfulness only group to the resonance only group. No significant
differences in changes on the anxiety scale were observed between groups.
Repeated measures ANOVAs were completed to examine each group’s change in stress
and anxiety scores over time. Support was present for linear change over time on stress; no
significant quadratic effects were observed. DASS-21 Stress exhibited change over time, F(2,
156) = 24.99, p <.01, η2 = 0.24, indicating a large effect, as did DASS-21 Anxiety, F(2, 156) =
27, p <.01, η2 = 0.19, reflecting a large effect. In examining group differences in change over
time, results were not significant for the DASS-21 Stress scale, nor were they significant on the
DASS-21 Anxiety scale. In review of mean scores, the DASS-21 Stress score means for each
group exhibited a tendency to decrease over time, with the exception of the mindfulness group,
in which scores remained near equivalent over time (refer to Table 2). See Figures 4 and 5 for a
comparison of group means over time on the DASS-21 Anxiety and Stress scales.
Additional analyses examined main effects of mindfulness training and resonance
breathing training. A 2X2 ANOVA was completed upon the measures’ change scores over the

69

Mean DASS-21 Anxiety Score

12

11

Control
Mindfulness
Resonance
10

Combined

9
1

2

3

Session

Figure 4. DASS-21 Anxiety Score Means Over Time by Group
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Figure 5. DASS-21 Stress Score Means Over Time by Group
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training period. In examination of the DASS-21 scales, a significant main effect was found for
meditators on the DASS-21 stress scale, F(1, 78) = 6.28, p =.01, η2 = 0.06, reflecting a medium
effect size. Meditators’ scores remained fairly consistent over time, whereas the scores of nonmeditators were initially elevated, and decreased over time. See Figure 6 to examine change over
time. Also, a significant interaction effect was found for meditators X resonance on the DASS-21
anxiety scale, F(1, 78) = 4.2, p = 0.04, η2 = 0.05, demonstrating a small to medium effect size.
See Table 3. No other significant results were identified. In examination of individual treatment
group mean differences, the mindfulness-only group exhibited no change over the course of the
2-week intervention period (M = 0.00, SD = 2.59). Other groups exhibited decreases in stress
(control M =-2.03, SD = 3.61; resonant breath training only (M =-2.59, SD = 3.81; combined M =
-0.78, SD = 3.79).
Overall change on emotion regulation and affectivity. The combined mindfulness
meditation and resonant frequency breath training group was expected to exhibit the greatest
gains in emotion regulation (ERQ), increases in positive affectivity, and decreases in negative
affectivity (PANASw) when compared to other treatment and control groups.
One-way ANOVA analyses of change scores from baseline to session three on the
involved psychological measures were completed. No significant differences were observed on
the ERQ Reappraisal scale. Contrast code analyses did not identify significant group differences
when comparing the combined group to all other groups, the mindfulness only and resonance
only groups to the control group, and the mindfulness only group to the resonance only group.
Similar analyses were completed on the ERQ Suppression scale. Contrast codes were utilized to
compare the combined group to all other groups, the mindfulness only and resonance only
groups to the control group, and the mindfulness only group to the resonance only group. None
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Figure 6. Means of Two Levels of Mindfulness on DASS-21 Stress Scale Over Time
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Table 3.
A'OVA of Mindfulness X Resonance on DASS-21 Stress and Anxiety Scales.

Variable
Source
Baseline Assessment

Df

F

η2

DASS-21 Stress

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

7.69**
0.38
0.06

0.09
0.00
0.00

DASS-21 Anxiety

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

9.59**
0.02
1.97

0.11
0.00
0.02

DASS-21 Stress

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

1.21
0.19
0.06

0.02
0.00
0.00

DASS-21 Anxiety

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

2.55
0.99
0.27

0.03
0.01
0.00

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.16
1.65
0.11

0.00
0.02
0.00

Mindfulness (A)
1
Resonance (B)
1
A*B (interaction)
1
Difference between Third and Baseline Assessments

3.11†
0.01
0.26

0.04
0.00
0.00

DASS-21 Stress

Second Assessment

Third Assessment
DASS-21 Stress

DASS-21 Anxiety

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

6.28†
0.76
0.02

0.07
0.01
0.00

Mindfulness (A)
Resonance (B)
A*B (interaction)
Note: †p < .1; *p < .05; **p < .01.

1
1
1

0.97
0.05
4.20*

0.01
0.00
0.05

DASS-21 Anxiety
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of the contrast analyses results on the ERQ Suppression scale were significant. Analyses were
also completed examining the ERQ total scale score. Contrast codes were used to compare the
combined group to all other groups, the mindfulness only and resonance only groups to the
control group, and the mindfulness only group to the resonance only group. None of the results
examining change on the total ERQ scale were significant.
One-way ANOVA analyses of change scores on the PANAS past week version subscales
were completed. Examination of the PANAS Positive Affect scale did not yield significant
results. Contrast codes compared the combined group to all other groups, the mindfulness only
and resonance only groups to the control group, and the mindfulness only group to the resonance
only group. None of the contrast analyses of change on the PANAS Positive Affect scale were
significant. A similar analysis of the PANAS Negative Affect scale also did not exhibit
significant results. Contrast codes were utilized to compare the combined group to all other
groups, the mindfulness only and resonance only groups to the control group, and the
mindfulness only group to the resonance only group. None of the contrast analyses of change on
the PANAS Negative Affect scale were significant. Overall, the combined training group did not
make significant increases as expected in emotion regulation strategies or positive affectivity
compared to the other groups, nor did the combine group exhibit greater decreases in negative
affectivity than the other groups. Analysis results are in Table 2.
One-way ANOVA analyses of group differences at each assessment period did not
identify group differences on measures pertaining to the ERQ and PANAS-W variables at any
individual training session (see Appendix A4). Analyses were then completed to examine
differences between the combined group and each other group on the affectivity and emotion
regulation measures at each session. A series of t-tests were completed to identify score
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differences on the suppression and cognitive reappraisal scales of the ERQ, and the positive
affectivity and negative affectivity scales of the PANAS, for both the week and moment
versions. In comparing the combined group to the control group, a significant difference was
observed at the initial time point on the negative affectivity scale of the PANAS – present
moment version t (39) = 1.76, p = 0.08, where those in the combined group had reported less
negative affectivity at the end of the training session (M = 10.95, SD = 1.79) than those in the
control group (M = 12.29, SD = 2.92). A medium effect size was observed (Cohen’s d = 0.56).
No other significant differences were observed between the combined group and control group
on any other scales of the PANAS or ERQ at any time point. No significant differences were
observed between the combined group and the mindfulness meditation only group on any of the
PANAS or ERQ scales. No significant differences were observed between the combined group
and the resonant breath training only group, as well.
Supplemental analyses were completed to further examine group differences on the ERQ
and PANAS scales. A series of 2 x 2 ANOVAs were completed, examining those receiving
mindfulness training by those receiving resonance breathing training. A significant main effect
was identified for mindfulness on the Negative Affectivity scale of the PANAS, moment version,
at the first session F (1, 78) = 4.12, p = .05, η2 = 0.05, yielding a small to medium effect size.
Review of means indicate that those who received a mindfulness intervention reported less
negative affectivity (M = 10.9, SD = 1.46) than those who did not receive mindfulness training
(M = 11.87, SD = 2.65). The PANAS moment version is administered after each training period,
and is not administered at baseline with the other psychological measures. No other significant
differences were observed. Complete results are in Table 4.
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Table 4.
A'OVA of Mindfulness X Resonance on Affect and Emotion Regulation Measures

Source

Df

F

η2

PANASw Positive

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.02
0.11
0.70

0.00
0.00
0.01

PANASw Negative

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.65
0.24
0.65

0.01
0.00
0.01

PANASm Positive

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

2.29
0.08
1.63

0.03
0.00
0.02

PANASm Negative

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

4.12*
0.61
0.96

0.05
0.01
0.01

ERQ Reappraisal

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.01
0.50
0.34

0.00
0.01
0.00

ERQ Suppression

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

1.06
0.10
2.85†

0.01
0.00
0.04

PANASw Positive

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.86
0.01
0.00

0.01
0.00
0.00

PANASw Negative

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.06
0.08
0.28

0.00
0.00
0.00

PANASm Positive

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.01
0.05
1.46

0.00
0.00
0.02

PANASm Negative

Mindfulness (A)

1

1.02

0.01

Variable
Baseline Assessment

Second Assessment
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A'OVA of Mindfulness X Resonance on Affect and Emotion Regulation Measures

Source

Df

F

η2

Resonance (B)
A*B (interaction)

1
1

0.46
0.10

0.01
0.00

ERQ Reappraisal

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.14
0.27
0.67

0.00
0.00
0.01

ERQ Suppression

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.11
0.23
2.81†

0.00
0.00
0.04

PANASw Positive

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.37
0.07
0.60

0.01
0.00
0.01

PANASw Negative

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.01
0.11
0.13

0.00
0.00
0.00

PANASm Positive

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.11
0.00
0.05

0.00
0.00
0.00

PANASm Negative

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

1.52
0.16
0.23

0.02
0.00
0.00

ERQ Reappraisal

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

1.13
0.17
0.16

0.01
0.00
0.00

Mindfulness (A)
1
0.20
Resonance (B)
1
0.03
A*B (interaction)
1
2.65
Difference between Third Assessment and Baseline Assessment

0.00
0.00
0.03

PANASw Positive

0.00
0.00
0.03

Variable

Third Assessment

ERQ Suppression

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.33
0.00
2.68
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A'OVA of Mindfulness X Resonance on Affect and Emotion Regulation Measures

Variable

Source

Df

F

η2

PANASw Negative

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.30
0.59
1.11

0.00
0.01
0.01

PANASm Positive

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

1.51
0.12
1.21

0.02
0.00
0.02

PANASm Negative

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.19
0.52
0.01

0.00
0.01
0.00

ERQ Reappraisal

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

1.35
0.15
0.06

0.02
0.00
0.00

Mindfulness (A)
Resonance (B)
A*B (interaction)
Note: † p <.1; *p<.05; **p <.01.

1
1
1

0.54
0.39
0.00

0.01
0.01
0.00

ERQ Suppression
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Overall change on mindfulness scales. The hypotheses predicted that individuals in the
combined training group would exhibit the greatest gains in the specific mindfulness skills of
description, observation, and acting with awareness, with mindfulness accounting for more
variance than resonant frequency. One way ANOVA analyses identified differences approaching
significance prior to training on the FFMQ total scale score, with the control group reporting
higher scores than other groups (see Appendix A5). Significant group differences of means of
FFMQ subscales and total scales at the third session were also observed. Difference scores were
derived by subtracting third assessment scores from baseline assessment scores, resulting in
negative change scores indicating a decrease in skill over time, and positive scores reflecting a
gain in skill over time. Change scores by group were calculated and summarized in Table 2. A
significant group difference was observed on the total scale of the FFMQ, F (3, 78) = 2.44, p
=.07, η2 =0.09, demonstrating a medium effect size. Contrast codes compared the combined
group to all other groups, F(1, 78) = 3.59, p = .06, η2 =0.04, and the mindfulness only and
resonance only groups to the control group, F(1, 78) = 3.67, p =.06, η2 =0.04. A final contrast
code analysis comparing the mindfulness only to the resonance only group was not significant.
Review of mean differences indicate that the combined group (M = 4.14, SD = 12.3) did exhibit
greater gains in total mindfulness abilities versus the other groups, (Control M = 2.5, SD = 12.54;
Mindfulness M = -2.74, SD = 9.81; Resonance M = -3.96, SD = 10.6), and that mindfulness only
and resonance only groups exhibited a decrease in scores compared to the control group. See
Table 2. Interestingly, it would have been expected that the mindfulness or resonance training
only groups would exhibit greater overall change than the control group; however, this was not
the case. Additional analyses were completed to examine if days of practice had a mediating
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effect upon acquisition of mindfulness skills within the mindfulness group. No significant effect
for days of practice was observed.
Regarding the acquisition of specific mindfulness skills in relation to the hypothesis, no
significant group differences were observed in the acquisition of the observation and description
skills. Contrast code analysis on the observation scale were significant when comparing the
combined group to all other groups, F(1, 78) = 4.3, p =.04, η2 =0.05. Contrast code analyses of
the mindfulness only and resonance only groups to the control group, and the mindfulness only
group to the resonance only group were not significant. Review of means indicated that the
combined group exhibited greater increase in scores than other groups. Refer to Table 2. Contrast
code analyses of change on the description scale were not significant when comparing the
combined group to all other groups, and the mindfulness only group to the resonance only group.
Analyses comparing the mindfulness only and resonance only groups to the control group were
significant, F(1, 78) = 3.34, p = .07, η2 =0.04. The mindfulness only and resonance only
demonstrated a decrease in description abilities over the course of the study in comparison to the
control group. A significant group difference was observed for acting with awareness, F(3, 78) =
2.68, p =.05, η2 =0.09, yielding a medium effect. Contrast code analyses of change on the acting
with awareness scale were not significant when comparing the combined group to all other
groups, and the mindfulness only group to the resonance only group. Significance was identified
when comparing the mindfulness only and resonance only groups to the control group, F(1, 78)
= 7.80, p = .01, η2 =0.09. Review of means of the acting with awareness scale indicated that the
control group (M = 1.89, SD = 3.65) exhibited a gain in ability relative to the mindfulness only
(M = -1.41, SD =3.81) and resonance only groups (M = -0.90, SD = 4.66). See Table 2. Again,
these observations are somewhat contrary to expectations, in that it was expected that the control
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group would exhibit no gain over time, and that the resonance only and mindfulness only groups
would exhibit some positive change over time.
The nonreactivity and nonjudgment scales of the FFMQ were also examined for group
differences on change scores. No significant differences were observed for the nonreactivity
scale, nor were contrast analyses of change scores significant when examining comparisons of
the combined group to all other groups, the mindfulness and resonance only groups to the
control, and the mindfulness only to the resonance only group. Similarly, no significant
differences were observed in examining group differences on the nonjudgment scale. Contrast
analyses of change scores on the nonjudgment scale were also not significant, examining
comparisons of the combined group to all other groups, the mindfulness and resonance only
groups to the control, and the mindfulness only to the resonance only group.
A series of 2x2 ANOVAs were completed to identify significant differences in change
over the two week training period on the five FFMQ scales between two levels of mindfulness
training (mindfulness training, no mindfulness training) and two levels of resonant breathing
training (resonant breathing training, no resonant breathing training). No significant effects were
observed for the scales pertaining to observation, description and nonreactivity. Additionally, no
significant effects were found examining the presence or absence of mindfulness training, or the
presence or absence of resonance training on any subscale or the total scale of the FFMQ.
Significant interaction effects were observed for mindfulness X resonance on the acting
with awareness, F (1, 78) = 5.77, p = .02, η2 = 0.07, and nonjudgment subscales, F (1, 78) =
4.05, p = .05, η2 = 0.05, as well as the total FFMQ score, F (1, 78) = 7.05, p = .01, η2 = 0.08,
exhibiting medium effects. No other effects were observed for mindfulness X resonance, or for
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Table 5.
A'OVA of Mindfulness X Resonance Change Scores on FFMQ Subscales and Total Scales
Source

Df

F

η2

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

2.70
1.55
0.54

0.03
0.02
0.01

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.18
0.78
2.46

0.00
0.01
0.03

Acting with Awareness
Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

1.62
0.50
5.77*

0.02
0.01
0.07

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.11
0.10
4.05*

0.00
0.00
0.05

Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

1.62
0.07
0.75

0.02
0.00
0.01

FFMQ Total Scale
Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.32
0.01
7.05**

0.00
0.00
0.08

Variable
Observation

Description

Nonjudgment

Nonreactivity

Note: † p <.1; *p<.05; **p <.01. Meditator N = 40, Non-meditator N = 38, Resonance N = 39,
No resonance N = 39.
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Table 6.
Means and SDs for the A'OVA of Meditators X Resonance on FFMQ Change Scores
Scale

'o Mindfulness

Mindfulness

'o Resonance

Resonance

0.62 (3.92)

2.18 (4.72)

0.82 (4.20)

2.01 (4.54)

-0.03 (3.10)

-0.31 (2.30)

0.09 (2.87)

-0.44 (2.56)

-0.67 (3.98)

0.24 (4.05)

-0.39 (4.36)

-1.92 (4.61)

-1.6 (5.68)

-1.94 (5.09)

-1.57 (5.26)

0.15 (3.04)

1.01 (3.16)

0.67 (3.19)

0.49 (3.06)

0.62 (11.49)

-0.12 (11.43)

0.09 (12.05)

Observation

Description

Acting with Awareness
0.53 (4.35)
Nonjudgment

Nonreactivity

FFMQ Total Scale
-0.65 (11.94)

Note: Mean scores are followed by standard deviations in parentheses. No Mindfulness ' = 41,
Mindfulness ' = 41, No Resonance ' = 42, Resonance ' = 40.
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mindfulness or resonance individually. Please refer to Tables 5 and 6. No individual group
differences were observed for the acting with awareness scale, nonjudgment scale, or total scale.
Overall change on physiological variables. All physiological measures were examined
for group differences in change from baseline observation to data gathered in the first and final
moments of the third training session to establish overall change. Average scores obtained in the
first session were compared to average scores at the third session to derive change scores.
Change scores were then examined in a series of one-way ANOVAs. Results were not
significant for any physiological variable when comparing average scores for change, see
Appendix A11.
It is also important to note that overall session averages for heart rate were substantially
higher than the values identified at the beginning or end of each session. This effect was
observed across groups. The inflated values for averaged heart rate were likely impacted by
sensitivity of the blood volume pulse sensor. The sensor was often sensitive to picking up
participant movements, which at times reflected artificial spikes in heart rate. During these
spikes, heart rate appears to jump to near 180 beats per minute. Assessment at the beginning and
end of each observation period did not include areas of these spikes. These periods of brief
spikes in the recorded heart rate artificially inflated average values. Further analyses of data will
re-examine average heart rate after taking efforts to remove the spikes from each participants’
data.
Heart rate, breath rate, and temperature. Overall change was examined by comparing
values deriving difference scores from observations prior to the start of the third training, as well
as at the end of the third training. Change from prior to initial training to prior to the third
training may be indicative of longer term learning retention shifts in breathing that impact
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physiology. Change from prior to initial training to end of third training represents overall
change over the course of the study. A series of one-way ANOVAs compared groups by
examining change scores. In examination of overall change on physiological variables, no
significant group differences in change in heart rate or temperature were observed at a state or
retained learning level. No significant group differences were observed in comparing overall
change in learning retention for breath rate; however, change was observed in examining state
level change, F (3, 77) = 4.00, p = .01, η2 = 0.14, demonstrating a large effect. A significant
difference was observed between the resonance only group and the control group, t(38) = 3.44,
p<.01, Cohen’s d = 1.12, with the resonant group (M = -6.81, SD = 6.76) exhibiting a greater
reduction in breath rate than the control group (M = -0.35, SD = 5.01). Please refer to Table 7.
Low frequency HRV. Examination of heart rate variability values from baseline to the
beginning and end of the third session occurred using one-way ANOVAs. Significant differences
between groups on low frequency HRV were observed when examining long term learning, F(3,
77) = 2.22, p =.09, η2 = 0.08, and state levels F(3, 77) = 30.67, p <.01, η2 = 0.54, demonstrating a
very large effect size. No significant group differences were observed when examining long term
skill retention effects. A post hoc Scheffé test identified significant group differences between
groups with a resonant component of training to those without a resonant component of training,
t(79) = -9.5, p <.01, Cohen’s d = 2.13. Please refer to Table 7.
High frequency HRV. Change in coherence to high frequency HRV was examined with
one-way ANOVAs. Significant group differences were observed at both the state, F(3, 77) =
7.34, p <.01, η2 = 0.22, and learning retention level, F(3, 77) = 24.66, p <.01, η2 = 0.49, yielding
large effect sizes. In examining the longer term, learning retention change, a post hoc Scheffé
test determined significant group differences between the resonance (M = -16.13, SD= 15.11)
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Table 7.
Physiological Changes from Baseline to Start and End of the Third Training

Mindfulness

Resonance

Combined

F

η2

Heart Rate (bpm)
Baseline-Start3 -1.19 (9.66)
Baseline-End 3 0.37 (9.17)

0.74 (10.99)
-1.12 (11.53)

4.44 (10.26)
1.65 (8.94)

0.11 (11.08)
-1.88 (11.90)

1.05
0.45

0.04
0.02

Breath Rate (bpm)
Baseline -Start3 0.87 (4.83)
Baseline-End 3 0.37 (9.17)

-0.74 (4.58)
-2.64 (5.03)

-0.44 (5.74)
-6.81 (6.76)

-0.40 (4.31)
-3.78 (7.02)

0.43
4.00**

0.02
0.14

Low Frequency HRV Range Coherence
Baseline-Start3 0.94 (12.46)
2.63 (15.26)
Baseline-End 3 -3.36 (12.06) -0.01 (16.46)

-1.14 (6.17)
27.41 (16.57)

10.23 (21.42) 2.22†
0.08
32.99 (14.75) 30.67** 0.54

High Frequency HRV Range Coherence
Baseline-Start3 -1.98(10.76) 3.50 (13.16)
Baseline- End 3 1.18 (13.68)
-2.16 (12.99)

-16.13 (15.11) -6.02 (15.69)
-27.68 (14.9) -25.9 (13.63)

7.34** 0.22
24.66** 0.49

Temperature
Baseline-Start3
Baseline-End 3

-0.67 (9.21)
-0.33 (9.33)

0.47
0.54

Variable

Control

-1.07 (5.08)
-0.60 (6.38)

1.27 (6.39)
1.40 (6.72)

0.92 (9.06)
2.23 (9.40)

Note: † p <.1; *p<.05; **p <.01. Control group N =19, Mindfulness group N = 20, Resonant
Breathing group N = 20, Combined group group N = 19, Total N = 78. Standard deviations
follow means in parentheses.

0.02
0.02
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and control groups (M = -1.98, SD = 10.76), t(38) = -3.41, p <.01, Cohen’s d = 1.10, and the
resonance (M = -16.13, SD= 15.11) and mindfulness groups (M = 3.5, SD = 13.16), t(39) = -4.44,
p <.01, Cohen’s d = 1.42. Significant group differences were also observed on a post hoc Scheffé
test when examining change from initial observation to data gathered at the end of the third
session. The groups with a resonance component of training (M = -26.79, SD = 14.13) exhibited
substantially lower coherence to high frequency HRV than groups without a resonance
component of training (M = -0.53, SD= 13.27), t(79) = 8.63, p <.01, Cohen’s d = 1.94,
demonstrating a large effect size. Please see Table 7.
Comparison of mindfulness only and resonance only treatment on select physiological
variables. The resonant frequency group was predicted to be associated with greater low
frequency heart rate variability and greater increases in body temperature than the mindfulness
meditation group. A set of t tests were completed comparing the resonance breath training only
and the mindfulness meditation only groups on change on these physiological variables. Results
examining temperature change were not significant, t(39) = 0.68, p =.50. A significant difference
was observed when examining change in coherence to low frequency HRV, t(39) =

-5.31, p

<.01, Cohen’s d = 1.70, with the resonance only group (M = 27.41, SD = 16.57) demonstrating
an increase in coherence to the low frequency HRV range compared to the mindfulness only
group (M = -0.01, SD = 16.47). Additionally, averages taken across sessions on temperature and
low frequency HRV coherence were compared. No significant differences on average
temperature were evident at any observation session. Differences in average coherence to the low
frequency HRV range was observed at all three training sessions, with the resonance only group
exhibiting greater average coherence to the low frequency range at each session. Please refer to
Table 8.
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Table 8.
Independent Means t-tests Comparing Mindfulness to Resonance Only Training on Select
Physiological Variables
Variable

Time

Mindfulness

Resonance

t

df

d

Avg Temp (F˚)
1
2
3
Diff 1-3

93.63 (4.55)
94.88 (3.35)
94.00 (4.21)
0.37 (5.67)

92.73 (5.77)
93.22 (5.31)
91.79 (7.64)
-0.93 (10.25)

0.56
0.03
1.15
0.51

39
38
39
39

0.18
0.01
0.37
0.16

Diff Temp (F˚)
1
2
3
Diff 1-3

1.59 (4.28)
-0.30 (1.81)
0.13 (1.90)
-1.46 (3.71)

-0.02 (2.91)
0.51 (3.21)
0.35 (2.19)
0.37 (3.97)

1.40
-0.98
-0.34
-1.52

39
37
39
39

0.45
0.32
0.11
0.49

Avg LF coherence %
1
2
3
Diff 1-3

61.60 (18.94)
59.50 (16.30)
58.21 (20.41)
-3.39 (12.47)

84.74 (7.31)
82.57 (9.06)
83.95 (7.24)
-0.79 (6.93)

-5.21**
-5.53*
-5.43*
-0.82

26.08
29.73
25.18
39

0.48
0.54
0.54
0.26

Note: † p <.1; *p<.05; **p <.01. Mean scores are followed by standard deviations in parentheses.
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Additional 2X2 ANOVAs were completed comparing groups with a mindfulness
component of training to groups with a resonant component of training. These analyses were
completed in an effort to further identify differences between mindfulness and resonance training
on variables of temperature and low frequency heart rate variability (see Table 9). No
significant results were observed when examining change scores of average temperature or
coherence to the low frequency HRV range. Effects were observed only for average coherence to
low frequency HRV at each session. In the first session, a main effect was observed for
meditators, F(1, 77) = 4.8, p =.03, η2 = 0.03, with meditators (M = 75.77, SD = 19.04) exhibiting
greater coherence to the low frequency HRV range than non-meditators (M = 69.04, SD =
19.58). This effect was present but not statistically significant in sessions 2 and 3. A main effect
was also observed for resonance at session 1, F(1, 77) = 95.45, p <.01, η2 = 0.53, session 2, F(1,
77) = 109.3, p<.01, η2 = 0.58, and session 3, F(1, 77) = 102.075, p <.01, η2 = 0.56,
demonstrating very large effect sizes, with those receiving a resonant breathing component of
training exhibiting greater coherence to the low frequency range of HRV than those without a
resonant breathing component of training. Mean scores are represented in Table 10. No effect
was observed for mindfulness X resonance on coherence to the low frequency HRV range, at any
training session or the difference between the first and third assessment.
Testing the relationships of emotion regulation and certain mindfulness skills.
Correlational analyses of data from the final session were examined to identify any relationship
between the cognitive reappraisal strategies and the mindfulness skills of nonjudgment and
nonreactivity, to investigate the hypothesis that those trained in mindfulness who make gains on
these particular skills will exhibit increased use of the cognitive reappraisal emotion regulation
strategy. Interestingly, a significant moderate positive correlation was identified between
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Table 9.
2X2 A'OVA of Mindfulness X Resonance Training on Temperature & Low Frequency HRV
Coherence

Df

F

η2

Average Temperature (F˚)
Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.04
0.32
0.03

0.00
0.01
0.00

Difference Temperature (F˚)
Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

2.63
0.05
2.04

0.03
0.00
0.03

1
1
1

6.92**
109.27**
1.77

0.09
0.60
0.02

Average Temperature (F˚)
Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

1.12
0.18
0.57

0.02
0.00
0.02

Difference Temperature (F˚)
Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.30
2.26
0.57

0.00
0.03
0.01

Average LF HRV coherence
Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

3.27†
109.92**
0.24

0.04
0.60
0.00

1
1
1

0.76
0.52
0.57

0.01
0.01
0.01

Variable
First Session

Source

Average LF HRV coherence
Mindfulness (A)
Resonance (B)
A*B (interaction)
Second Session

Third Session
Average Temperature (F˚)
Mindfulness (A)
Resonance (B)
A*B (interaction)
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2X2 A'OVA of Mindfulness X Resonance Training on Temperature & Low Frequency HRV
Coherence

Variable

Source

Difference Temperature (F˚)
Mindfulness (A)
Resonance (B)
A*B (interaction)

Df

F

η2

1
1
1

0.37
0.52
0.45

0.01
0.01
0.01

3.81†
107.83**
0.57

0.05
0.59
0.01

Average LF HRV coherence
Mindfulness (A)
1
Resonance (B)
1
A*B (interaction)
1
Difference Between Third and Baseline Sessions
Average Temperature (F˚)
Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

0.81
0.00
0.53

0.01
0.00
0.01

Difference Temperature (F˚)
Mindfulness (A)
Resonance (B)
A*B (interaction)

1
1
1

1.50
0.49
0.98

0.02
0.01
0.01

Average LF HRV coherence
Mindfulness (A)
1
0.78
0.01
Resonance (B)
1
0.00
0.00
A*B (interaction)
1
0.57
0.01
Note: † p <.1; *p<.05; **p <.01. Meditator N = 40, Non-meditator N = 38, Resonance N = 39,
No resonance N = 39.
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Table 10.
Means and SDs for A'OVAs of Meditators X Resonance on Low Frequency HRV Coherence
Time

'o Mindfulness

Mindfulness

'o Resonance

First Session

68.28 (20.12)

75.77 (19.04) 57.29 (17.12)

86.95 (7.10)

Second Session

68.05 (18.38)

72.9 (18.45)

56.50 (14.64)

84.58 (8.46)

Third Session

67.84 (18.95)

73.44 (20.21) 55.83 (16.75)

85.58 (7.10)

Difference 1 - 3

-0.44 (9.30)

-2.33 (9.37)

-1.37 (5.51)

-1.46 (12.08)

Note: Mean scores are followed by standard deviations in parentheses.

Resonance
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suppression emotion regulation strategies and nonjudgment, r (80) = .38, p<.01, 95% CI [.18,
.55]. A positive correlation was also identified between nonreactivity and reappraisal strategies,
r(80) = .28, p<.01, 95% CI [.07, .47], and no significant correlation was observed between
nonjudgment and reappraisal.
In further testing of the hypothesis, individuals who had made gains on these specific
mindfulness skills were identified. A subset of those trained in mindfulness were identified as
making gains in nonreactivity and nonjudgment by having scores 0.3 standard deviations above
the mean score on those variables. Another subset of those who did not make gains in these areas
were identified as having scores 0.3 standard deviations below the mean score. Both subsets
were small, those having made gains in nonreactivity and nonjudgment represented an N of 6,
and those having below average scores in nonreactivity and nonjudgment were represented by an
N of 4. Due to the low sample sizes, insufficient power was present to test the hypothesis.
Additional Analyses
A number of supplemental analyses were completed beyond those outlined in the project
proposal to examine psychological and physiological measures in additional manners that may
provide additional insight into hypotheses and observed study outcomes.
Group differences on psychological measures. Most psychological measures were only
administered prior to treatment at the initial training, constituting the baseline assessment. A
series of one way ANOVAs were completed to identify potential group differences. The PANAS
moment version was the only psychological instrument to be administered after training in the
first session. No significant group differences were observed on either the PANAS moment
version positivity or negativity scale after the initial training session.
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Session 2. In examining the psychological measures at session 2, a series of one-way
ANOVAs did not identify any significant group differences on any variables. Refer to
Appendices A4 and A5. This result is contrary to expectations, in that it was anticipated that
group divergence would begin to emerge by this time.
Session 3. A similar result was found at the final session, with no significant group
differences observed on any of a series of one-way ANOVAs. Refer to Appendices A4 and A5.
Again, this result is contrary to expectations, in that significant group divergence due to
intervention influence was expected to be observable. Multiple factors may have impacted the
sensitivity of psychological measures, including floor or ceiling effects on certain measures,
overall duration of the training, and participants’ level of engagement in the training.
Group differences and within session change on physiological measures. In
examining physiological group differences at each session, the session average and change
within session were examined on the physiological variables of heart rate, breath rate, low
frequency HRV, high frequency HRV, and temperature. Results of these analyses are available
in Tables 11-15. Change occurring within the first session is addressed later as “initial change on
physiological measures.” Group differences and within session change was examined with a
series of one-way ANOVAs. In cases where change was anticipated by presence of a treatment,
such as all resonance trained individuals, t-tests were used to compare groups with resonance
training to groups without resonance training.
Session 1. Heart rate, breath rate, coherence to the low frequency HRV range, coherence
to the high frequency HRV range and temperature (F˚) were recorded across the 20 minute
observation or training period and averaged. A series of one-way ANOVAs were completed. A
significant effect was observed for average heart rate, F (3, 78) = 2.72, p =.05, η 2 =
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Table 11.
Heart Rate Differences by Group at Beginning, End and Change of Each Training
Heart Rate

Control

Mindfulness

Resonance

Combined

F

η2

Baseline
End 1
Change 1
Average 1

78.96 (10.68)
77.68 (10.65)
-1.28 (7.10)
84.6 (12.30)

73.02 (9.27)
72.60 (8.88)
-0.42 (6.32)
77.68 (9.68)

80.43 (12.14)
79.34 (11.41)
-1.09 (6.46)
86.62 (12.13)

82.61 (11.16)
80.36 (1.34)
-2.24 (8.46)
85.19 (12.47)

2.86*
2.10
0.22
2.30†

0.11
0.09
0.05
0.09

Start 2
End 2
Change 2
Average 2

77.52 (11.66)
82.86 (12.13)
5.34 (9.10)
85.7 (14.34)

74.95 (7.54)
72.86 (8.40)
-2.09 (7.09)
78.68 (9.61)

85.18 (12.63)
81.02 (10.01)
-4.16 (6.04)
91.42 (12.95)

78.18 (9.91)
78.27 (11.36)
-0.55 (6.79)
84.91 (11.66)

3.27*
3.34*
5.90**
3.55*

0.12
0.12
0.19
0.13

Start 3
End 3
Change 3
Average 3

77.82 (13.40)
79.91 (12.96)
2.09 (8.51)
84.93 (15.89)

74.17 (11.93)
72.16 (13.15)
-2.01 (6.90)
79.48 (13.59)

85.58 (12.86)
83.16 (11.67)
-2.52 (6.41)
90.51 (14.07)

82.72 (13.97)
80.73 (14.57)
-1.99 (6.50)
88.73 (16.26)

2.99*
2.58†
1.74
2.09†

0.11
0.10
0.02
0.08

Note: † p <.1; *p<.05; **p <.01. Control group N =19, Mindfulness group N = 20, Resonant
Breathing group N = 20, Combined group group N = 19, Total N = 78. Standard deviations
follow means in parentheses.
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Table 12.
Breath Rate Differences by Group at Beginning, End and Change of Each Training
Combined

F

η2

19.42 (3.79)
11.64 (4.80)
-7.78 (6.37)
14.11 (5.24)

17.17 (3.72)
12.56 (5.54)
-4.6 (6.92)
15.33 (5.55)

1.46
10.90**
7.16**
4.23**

0.05
0.31
0.23
0.15

16.93 (4.05)
16.05 (4.18)
-0.88 (3.83)
16.49 (3.20)

18.20 (4.22)
13.47 (6.13)
-4.73 (6.34)
14.60 (5.63)

17.99 (4.15)
13.96 (5.99)
-4.03 (6.92)
16.43 (5.16)

0.55
2.19†
2.54†
3.02*

0.02
0.08
0.09
0.14

17.80 (3.31)
15.79 (3.73)
-2.01 (3.14)
16.91 (3.88)

19.16 (4.42)
12.68 (5.76)
-6.48 (8.20)
15.32 (6.00)

16.77 (3.93)
13.39 (7.28)
-3.38 (7.31)
15.88 (6.15)

2.34†
4.47**
2.93*
3.02*

0.09
0.15
0.10
0.11

Breath Rate

Control

Mindfulness Resonance

Baseline
End 1
Change1
Average 1

19.07 (3.03)
18.51 (2.91)
-0.56 (3.28)
18.87 (2.38)

18.50 (3.91)
17.33 (4.48)
-1.16 (4.56)
17.05 (3.64)

Start 2
End 2
Change 2
Average 2

18.38 (2.85)
17.01 (3.00)
-1.36 (3.05)
19.53 (3.31)

Start 3
End 3
Change 3
Average 3

19.70 (3.60)
18.27 (3.07)
-1.43 (4.25)
19.72 (2.74)

Note: † p <.1; *p<.05; **p <.01. Control group N =19, Mindfulness group N = 20, Resonant
Breathing group N = 20, Combined group group N = 19, Total N = 78. Standard deviations
follow means in parentheses.
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Table 13.
Temperature (F˚) Differences by Group at Beginning, End and Change of Each Training
Combined

F

η2

91.81 (5.27)
91.78 (6.05)
-0.03 (2.99)
92.59 (5.89)

89.69 (5.89)
92.72 (6.65)
3.03 (5.32)
92.57 (6.59)

0.82
0.63
1.57
0.78

0.03
0.02
0.05
0.01

94.85 (3.42)
94.55 (2.97)
-0.30 (1.81)
94.88 (3.35)

92.25 (5.96)
92.76 (5.76)
0.51 (3.21)
93.11 (5.43)

91.63 (6.59)
93.23 (5.27)
1.61 (4.27)
93.00 (5.23)

1.32
0.65
1.07
0.45

0.05
0.03
0.04
0.03

93.49 (4.63)
93.78 (3.98)
0.29 (1.82)
94.07 (4.31)

91.03 (8.05)
91.39 (7.71)
0.36 (2.25)
91.58 (7.78)

90.61 (8.01)
91.82 (7.93)
1.21 (3.59)
91.86 (7.8)

0.81
0.66
0.46
0.60

0.03
0.03
0.02
0.02

Temperature (F˚) Control

Mindfulness Resonance

Baseline
End 1
Change1
Average 1

92.05 (4.91)
93.67 (3.67)
1.62 (4.75)
94 (3.06)

92.05 (6.31)
93.87 (4.33)
1.82 (4.27)
93.55 (4.66)

Start 2
End 2
Change 2
Average 2

92.25 (5.85)
92.12 (7.70)
-0.13 (4.95)
92.23 (6.69)

Start 3
End 3
Change 3
Average 3

90.77 (5.50)
91.09 (6.07)
0.33 (3.57)
91.75 (5.77)

Note: † p <.1; *p<.05; **p <.01. Control group N =19, Mindfulness group N = 20, Resonant
Breathing group N = 20, Combined group group N = 19, Total N = 78. Standard deviations
follow means in parentheses.
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Table 14.
Low Frequency HRV Differences by Group at Beginning, End and Change of Each Training
LF HRV

Control

Mindfulness

Resonance

Combined

F

η2

Baseline
End 1
Change 1
Average 1

52.75 (13.59)
51.40 (14.11)
-1.35 (17.00)
51.51 (13.56)

56.67 (19.36)
59.98 (20.64)
3.31 (14.52)
62.78 (18.62)

55.70 (15.12)
80.39 (17.90)
24.69 (22.65)
90.51 (14.07)

56.10 (16.84)
85.34 (14.94)
29.24 (15.93)
88.73 (16.26)

0.22
17.40**
14.40**
39.11**

0.00
0.41
0.37
0.61

Start 2
End 2
Change 2
Average 2

51.85 (11.55)
50.38 (13.83)
-1.47 (14.65)
53.33 (12.30)

55.46 (15.78)
58.39 (21.37)
2.93 (16.76)
59.5 (16.30)

60.31 (13.66)
79.7 (14.27)
19.39 (14.42)
88.75 (6.50)

69.28 ( 12.30)
85.62 (8.39)
16.34 (10.82)
86.3 (7.45)

6.20**
23.81**
9.66**
37.75**

0.20
0.49
0.28
0.61

Start 3
End 3
Change 3
Average 3

54.07 (13.01)
48.48 (11.32)
-5.59 (14.57)
51.85 (11.99)

59.39 (15.43)
57.29 (21.11)
-2.10 (15.99)
59.62 (19.85)

54.34 (16.01)
83.57 (8.40)
29.23 (17.32)
83.82 (7.42)

66.32 (12.94)
89.09 (8.17)
22.76 (13.65)
87.25 (6.54)

3.12*
42.27**
24.83**
37.29**

0.11
0.63
0.50
0.6

Note: † p <.1; *p<.05; **p <.01. Control group N =19, Mindfulness group N = 20, Resonant
Breathing group N = 20, Combined group group N = 19, Total N = 78. Standard deviations
follow means in parentheses.
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Table 15.
High Frequency HRV Differences by Group at Beginning, End and Change of Each Training
HF HRV

Control

Mindfulness

Resonance

Combined

F

η2

Baseline
End 1
Change1
Average 1

38.85 (10.04)
38.44 (12.35)
-0.41 (15.25)
41.65 (10.63)

40.68 (13.54)
36.53 (16.40)
-4.15 (12.81)
37.77 (13.52)

44.20 (12.03)
16.87 (10.94)
-27.33 (16.53)
16.05 (9.15)

37.22 (14.10)
13.05 (11.02)
-24.17 (12.60)
11.99 (6.67)

1.10
20.20**
17.64**
41.34**

0.04
0.45
0.42
0.63

Start 2
End 2
Change 2
Average 2

42.16 (12.20)
36.13 (8.92)
-6.03 (13.97)
40.19 (9.46)

41.93 (15.40)
36.47 (14.93)
-5.45 (14.81)
39.54 (12.08)

26.07 (7.64)
20.87 (14.64)
-5.20 (16.28)
18.31 (9.91)

31.02 (11.68)
16.64 (10.09)
-14.38 (12.35)
18.94 (18.00)

8.56**
13.39**
1.87
17.63**

0.26
0.35
0.07
0.42

Start 3
End 3
Change 3
Average 3

36.21 (10.62)
41.02 (12.26)
4.81 (14.74)
39.83 (9.39)

43.97 (13.48)
38.81 (14.92)
-5.15 (13.86)
39.10 (12.61)

28.55 (10.16)
16.49 (10.8)
-12.06 (10.25)
21.46 (19.94)

31.21 (8.14)
11.32 (6.60)
-19.89 (9.61)
14.04 (8.77)

7.79**
33.87**
14.12**
18.28**

0.24
0.58
0.36
0.43

Note: † p <.1; *p<.05; **p <.01. Control group N =19, Mindfulness group N = 20, Resonant
Breathing group N = 20, Combined group group N = 19, Total N = 78. Standard deviations
follow means in parentheses.
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0.09, reflecting a small effect size. A Sheffé post hoc analysis examined for individual group
differences, with the mindfulness group (M = 77.56, SD = 9.44) exhibiting significantly lower
average heart rate than the resonance only group (M = 87.21, SD = 12.1), p = .07. Please refer to
Table 11. This result is somewhat consistent with expectations, in that the mindfulness group is
exhibiting a slower heart rate consistent with relaxation, whereas the resonance group
demonstrated a higher heart rate due to the greater variability in inter-beat-intervals resulting
from resonance training.
A significant effect was also observed for average breath rate, with the resonance and
combined groups exhibiting a slower average pace of breathing than those in the control and
mindfulness groups, t(63.09) = 3.02, p <.01, Cohen’s d = 0.76, indicating a large effect size. This
observation is consistent with expectations, as the resonance breath training interval instructs
individuals to breathe at a substantially slower rate. This finding confirms that individuals in
resonant breathing groups were adhering to the instruction of their group. Please refer to table
12.
An independent means t-test examined resonant breathers and non resonant breathers on
coherence to the low frequency HRV range, t(54.87) = -9.91, p = <.01, Cohen’s d = 2.68,
suggesting a large effect. Please refer to Table 13. A consistent effect was observed when
examining individuals trained in resonance to those not trained in resonance in an independent
means t-test regarding coherence to the high frequency HRV range, t(69.22) = 10.81, p <.01,
Cohen’s d = 2.59, suggesting a large effect. The control and mindfulness groups demonstrated a
greater percent of coherence to the high frequency range than those in the resonance or combined
groups. Please refer to Table 14. No within session change effects were observed on temperature,
see Table 15.
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Session 2. Within session change and average scores on all physiological variables were
examined at the second training session. In examining average heart rate, a one- way ANOVA
was completed, demonstrating an effect consistent with the initial training session was observed
F(3, 77) = 3.94, p =.01, η 2 = 0.13. A post hoc Scheffé test identified that the mindfulness group
(M = 78.68, SD = 9.6) demonstrated a lower average heart rate than the resonance group (M =
91.71, SD = 12.67), p = .01, with no other significant group comparisons. ANOVA results
indicated a difference in change in heart rate as well. Please refer to Table 11. The mindfulness
only and resonance only groups exhibited a substantial decrease in heart rate from beginning to
end of the second training in comparison to the other groups, t(76) = -3.16, p <.01, Cohen’s d =
0.72, indicating a large effect size. An ANOVA of average breath rate results were also
somewhat consistent with initial training observations, F(3, 77) = 3.02, p =.04, η 2 = 0.14, with a
post hoc Scheffé test indicating that the resonant group (M = 15.00, SD = 5.76) demonstrated
significantly lower breath rate than the control group (M = 19.14, SD = 3.46), p = .04. No other
significant group differences were identified. Regarding change in breath rate occurring during
the second training period, the resonance and combined groups demonstrated a significant
decrease in breaths per minute compared to other groups, t(57.34) = 2.75, p =.01, Cohen’s d =
0.73, indicating a large effect. Please refer to Table 12.
Results of one-way ANOVA analyses did not identify any significant group differences
when examining average temperature or change in temperature occurring during the second
session. Please refer to Table 13.
In examining coherence to the low frequency HRV range, the resonance only and
combined training groups again demonstrated the greatest coherence compared to the
mindfulness and control groups, t (64.33) = -10.48, p <.01, Cohen’s d = 2.61, reflecting a very
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large effect. Similarly, the resonance and combined training groups demonstrated the greatest
increase in coherence from the start of the second training session to the end of the training, t(76)
= -5.28, p <.01, Cohen’s d = 1.21. Please refer to Table 14. In examining average coherence to
the high frequency HRV range during the second training session, the control and mindfulness
groups exhibited similar higher levels of coherence than the resonance and combined training
groups, t (76) = 7.36, p < .01, Cohen’s d = 1.69, indicating a very large effect. Please refer to
Table 15.
Session 3. Within session change and average scores on all physiological variables were
examined at the third, final, training session. Group differences on average heart rate were
observed, with the resonance only and combined training groups exhibiting higher average heart
rate than the other groups, t(80) = -2.49, p = .02, Cohen’s d = 0.55, reflecting a medium effect.
No significant differences were observed on one-way ANOVA analyses when examining change
in heart rate within the third training session. Please refer to Table 11. Group differences in
average breath rate and change in breath rate over the course of the third session were also
observed. The resonance only and combined training groups displayed slower average breath
rates than the mindfulness and control groups, t(62.73) = 2.38, p = .02, Cohen’s d = 0.60,
reflecting a medium to large effect. Group differences in change of breath rate from start to
finish of the training were also observed on a one-way ANOVA, F(3, 77) = 2.93, p = .04, η 2=
0.10. A post hoc analysis using a Sheffé test identified that the resonant group (M = -6.37, SD =
7.99) exhibited significantly greater breath rate change compared to the control group (M = 1.22, SD = 4.24), p = .06. No other significant group differences were identified. Please refer to
Table 12.
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Consistent with examination of the first and second training sessions, no significant
group differences in average temperature or temperature change were observed during a one-way
ANOVA examining the third training period. See Table 13.
Coherence to the low frequency HRV range was examined within the third session.
Consistent with observations within the first and second sessions, the resonance only and
combined training groups displayed greater average coherence to the low frequency HRV range
than the control and mindfulness only groups, t(55) = -10.35, p <.01, Cohen’s d = 2.79, reflecting
a very large effect size. The combined and resonance only groups also exhibited greater increase
in coherence to the low frequency HRV range from beginning to end of the third session than the
control and mindfulness groups, t(79) = -8.46, p <.01, Cohen’s d = 1.90, exhibiting a very large
effect size. Please refer to Table 14.
The control and mindfulness groups exhibited similar average coherence to the high
frequency HRV range, whereas the resonant and combined group displayed the lowest average
coherence, t(79) = 7.33, p <.01, Cohen’s d = 1.64, indicating a very large effect. The resonant
and combined group also demonstrated greater decrease in coherence to the high frequency HRV
range from beginning to end of the third session compared to other groups, t(71.28) = 4.88,
p<.01, Cohen’s d = 1.15, reflecting a large effect size. Please refer to Table 15.
Initial change. Psychological and physiological measures were examined to identify
group divergence from baseline to completion of the first session. A series of one-way ANOVAs
analyzed change scores. In cases where change was anticipated by presence of a training, such as
all resonance trained individuals, t-tests were used to compare groups with resonance training to
groups without resonance training. Most psychological measures were examined comparing
baseline to the next assessment at the beginning of the second session, one week later. As a
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result, initial change on psychological measures reflects change due to the initial training and the
requested week of home practice. The PANAS week version baseline, administered prior to the
first training, was compared the first session PANAS moment version and the PANAS week
version from the second session. This was done because the PANAS moment version was first
given immediately prior to the first training, in an effort to identify immediate change from the
intervention. Physiological data were gathered from the baseline observation and an observation
in the last minute of the first training. A difference score was derived from baseline to
completion of the first session.
Initial change on psychological measures. Initial change on psychological measures
examined differences observed between baseline and second session assessment. Group
differences in change scores were observed on the DASS-21 Anxiety scale, F(1,82) = 2.38,
p=.07, η2 = 0.08, demonstrating a medium effect. Post hoc analysis of a Sheffé test did not
identify any single group scores as being significantly different from the other groups.
Examination of anxiety mean scores identify a nonsignificant decrease for the resonance group
(M = -1.83, SD = 2.57). It is important to note that a baseline discrepancy was observed on the
DASS-21 Anxiety scale, in which the resonance group exhibited greater endorsement of anxiety.
This result may suggest a shift in responding that is more consistent with the other groups.
Significant difference in change was also observed on the FFMQ acting with awareness scale,
F(1, 82) = 2.32, p=.08, η2 = 0.08, exhibiting a medium effect size. A post hoc Sheffé test did not
identify any significant differences between individual groups; however, review of means
identify nonsignificant increases on scores of the control (M = 1.80, SD = 3.09) and combined
training group (M = 0.92, SD = 3.59), while scores for the mindfulness (M = -1.01, SD = 3.96)
and resonance only groups (M = -0.34, SD = 4.32) decreased. This result is somewhat contrary to
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expectations, in that control group scores were anticipated to remain relatively consistent, while
scores for mindfulness and the combined groups exhibited substantial increases. No other
significant differences were observed. A one-way ANOVA compared the baseline PANAS week
version to the PANAS moment version administered immediately after the first training session;
however, no significant group differences were observed.
Initial change on physiological measures. Initial change on physiological measures was
identified by comparing baseline scores to values taken in the final minute of the first training. A
series of one-way ANOVAs were completed. Significant group differences in change resulting
from the initial training were observed. These scores can be found in Appendices A6 – A10. A
significant effect was found for breath rate, F(3, 77) = 3.59, p = .02, η2 = 0.10, reflecting a
medium to large effect size. A post hoc Sheffé analysis identified that the resonance group (M =
-5.29, SD = 6.17) exhibited significantly greater decrease in breath rate over the initial training
than did the control group (M = -0.13, SD = 2.66), p = .03. Additionally, those in the combined
and resonance groups demonstrated substantially increased coherence to the low frequency HRV
range than those in groups without a resonance component of training t(79) = -9.01, p <.01,
Cohen’s d = 2.03, indicating a very large effect. The combined and resonance only groups
drastically moved away from high frequency HRV coherence, while the groups without a
resonant component of training demonstrated a slight move away from initial high frequency
HRV coherence, t(79) = 7.3, p <.01, Cohen’s d = 1.64. No significant difference in change by
group was observed for heart rate or temperature.
Correlation Analyses
Correlation analyses were completed on all measures. Psychological measures were
examined in relation to one another for intercorrelation, as were physiological measures.
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Relationships between physiological and psychological measures were also examined. Caution
must be taken in interpreting correlations, as although reported correlations are significant, small
sample size resulted in fairly large confidence intervals for most correlations. Correlation
analyses were conducted to identify expected similarities between like measures, as well as to
identify unexpected relationships. Psychological measure analyses were completed examining
data at the first and third assessments to identify any discrepancies in correlations due to random
occurrence or gains made due to training groups. Physiological measure analyses examined data
from the last minute of the first and third sessions. Correlations between psychological and
physiological data examined the final psychological observations taken in the third session and
the physiological data from the last minute of the third session.
Relationships between psychological variables. As anticipated, significant negative
correlations were observed between the PANAS positivity scale and the DASS-21 stress, r(80) =
-.39, p <.01, 95% CI [-.56, -.19] and depression subscales, r (80) = -.57, p <.01, 95% CI [-.7,-.4],
and DASS-21 total score, r(80) = -.47, p <.01, 95% CI [-.63, -.28]. The PANAS negativity scale
was significantly positively correlated to the DASS-21 depression scale r(80) = .54, p<.01, 95%
CI [.36, .68], stress scale r(80) = .58, p<.01, 95% CI [.41, .71] anxiety scale r(80) = .56, p<.01,
95% CI [.39, .69] and total scale r(80) = .66, p<.01, 95% CI [.52, .77]. As anticipated, DASS-21
scales were positively correlated with each other, and the Five Facet Mindfulness Questionnaire
total score was positively correlated to all subscales with the exception of the nonreactivity scale.
Correlations among psychological measures at baseline and at the third training session is
available in Appendix A7.
Significant correlations were observed among the Five Facet Mindfulness Questionnaire
subscales and other psychological measures. The nonreactivity subscale was negatively
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correlated to the DASS-21 stress scale r(80) = .33, p<.01, 95% CI [.12, .51], and total scale r(80)
= .-.3, p<.01, 95% CI [.09, .49]. The acting with awareness subscale was observed to be
positively correlated to the DASS-21 stress scale r(80) = .33, p<.01, 95% CI [.12, .51], anxiety
scale r(80) = .33, p<.01, 95% CI [.12, .51], depression scale r(80) = .49, p<.01, 95% CI [.30,
.64], and total scale r(80) = .45, p<.01, 95% CI [.26, .61]. The nonjudgment subscale was
observed to be positively correlated to the DASS-21 stress scale r(80) = .40, p<.01, 95% CI [.2,
.57], anxiety scale, r(80) = .37, p<.01, 95% CI [.16, .55], depression scale r(80) = .4, p<.01, 95%
CI [.20, .57], and total scale r(80) = .42, p<.01, 95% CI [.22, .59]. The nonjudgment scale was
also observed to be correlated to the PANAS positivity scale r(80) = -.36, p<.01, 95% CI [.15,
.54], and the PANAS negativity scale r(80) = .36, p<.01, 95% CI [.15, .54]. The Five Facet
Mindfulness Scale total score was correlated to the DASS-21 stress scale r(80) = .40, p<.01, 95%
CI [.20, .57], anxiety scale, r(80) = .35, p<.01, 95% CI [.14, .53], depression scale r(80) = .35,
p<.01, 95% CI [.14, .53], and DASS-21 total score r(80) = .43, p<.01, 95% CI [.23, .59].
Correlations between physiological variables. Physiological variables were examined
at the final minute of the first and third session. No significant correlations were identified when
examining temperature. At the end of the first session, breath rate was observed to be inversely
correlated to coherence to low frequency HRV range, r(80) = -.39, p<.01, 95% CI [.19, .56] and
positive correlation to coherence to the high frequency HRV range, r(80) =.40, p<.01, 95% CI
[.20, .57], consistent with the expectations of the resonance intervention. A similar effect was
observed at the end of the third session. Coherence to the low frequency HRV range was
strongly inversely correlated to coherence to high frequency HRV range, r(80) = -.91, p<.01,
95% CI [.86, .94]. Complete correlations of physiological measures at the first training and third
training session are available in Table 16.
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Table 16.
Correlations of Physiological Measures at Initial Training Session and Third Training Session
Temperature
(F˚)
Temperature
(F˚)

-

Breath Rate

0.03

Breath
Rate

Heart
Rate
0.09

Coherence to
Low Frequency
HRV Range
-0.12

Coherence to
High Frequency
HRV Range
.16

.00

0.15

-0.39**

0.40**

0.09

-0.16*

-

Heart Rate

0.21

0.06
-

Coherence to
Low
Frequency
HRV Range

0.02

-0.33**

0.23*

-0.91**
-

0.04
0.27*
-0.26*
-0.89**
Coherence to
High
Frequency
HRV Range
Note: *p <.05, **p <.01. White background cells are correlations from the final minute of the
initial training, grey background are correlations from the final minute of the third training.
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Correlations between psychological and physiological variables. Correlations were
examined between the last administrations of psychological measures in the third session and the
physiological observations taken at the final minute of the third session. Temperature, breath
rate, and coherence to the low frequency HRV range were not observed to be correlated to any of
the psychological measures. Heart rate was observed to be negatively correlated to the FFMQ
Describe subscale, r(78) = -.28, p=.01, 95% CI [-.47, -.06]. Coherence to the high frequency
HRV range was positively correlated to multiple psychological scales. Consistent with research
identifying coherence to the high frequency HRV range being related to stress responses, a
correlation was observed between high frequency HRV and the DASS-21 Stress scale, r(78) =
.22, p=.05, 95% CI [.00, .42], and the DASS-21 Total scale, r(78) = .22, p=.05, 95% CI [.00,
.42]. Additionally, coherence to the high frequency HRV range was correlated to the FFMQ
Describe scale, r(78) = 0.22, p=.04, 95% CI [.00, .42]. These results suggest that as one gains in
mindfulness describing abilities, heart rate slows yet an individual will also demonstrate
increased coherence to the high frequency HRV range. Complete correlation data between
physiological and psychological variables is available in appendix A8.
Correlations by group examining the hypothetical model. Each treatment group was
individually examined for the presence of correlations relevant to the hypothetical model
(see Figure 3). In first examining the mindfulness group, correlations examining change scores
on mindfulness measures, breath rate, heart rate variability and emotion regulation were
examined. The cognitive reappraisal emotion regulation strategy was inversely related to the
acting with awareness mindfulness scale r(20) = -.45, p =.04, 95% CI [.01, .74] The suppression
emotion regulation strategy was inversely correlated to the observe mindfulness scale r(20) = .47, p =.03, 95% CI [.04, .76]. No other significant correlations were observed regarding the
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emotion regulation strategies. No significant correlations were observed for the mindfulness
training only group when examining mindfulness facets in relation to physiological
characteristics.
In examining correlations relevant to the hypothetical model, the resonance only training
group was examined for potential relationships between physiological factors and emotion
regulation. No significant results were observed. Similarly, when examining the combined
group for correlations that pertain to the hypothetical model, no significant results were
observed.
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CHAPTER 4

Discussion

Efficacy of the Resonant Breath Training Intervention
An important finding of the current study is the confirmation of the effectiveness of
utilizing resonance breath training to act upon respiratory sinus arrhythmia as a means to
modulate heart rate variability. Consistent with Lehrer et al.’s (2000) work, specifying the unique
resonant frequency for each individual in the resonant breathing group was crucial to creating
effects. The present study demonstrates the effectiveness of breathing at one’s resonant
frequency in order to gain the desired balance between sympathetic and parasympathetic nervous
systems.
The results of the present study also provide partial support for the hypothesis that
resonant breath training would be associated with greater coherence to low frequency heart rate
variability and greater increases in body temperature than the mindfulness group. The resonant
breathing group exhibited substantially greater coherence to the low frequency HRV range
beginning in the first session, and this difference was maintained throughout later sessions. This
finding confirms that those in the resonant breathing group engaged in the task as required, and
that breathing at a resonant pace does utilize respiratory sinus arrhythmia to modulate heart rate
inter-beat-intervals, consistent with previous research (Lehrer et al., 2000). Post-hoc analysis
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confirmed expectations that those receiving resonance breath training would exhibit less
coherence to the high frequency HRV range than those who did not receive a resonance
component of training. This effect provided evidence that the resonant breathing intervention
was having the desired effect, and that participants taking part in resonant breathing were
engaged in the task. The increase in low frequency HRV and decrease in high frequency HRV
among those in the resonance group suggest greater balance between sympathetic and
parasympathetic activation, a state associated with physical and psychological health benefits
(Hassett et al., 2007). These findings are consistent with similar research utilizing resonance
breath training to facilitate physiological and psychological gains, where a brief, 10-day
intervention demonstrated a noticeable beneficial change in low frequency HRV among a college
athlete sample (Paul & Garg, 2012).
No significant group differences were observed regarding temperature. Previous studies
inducing greater coherence to the low frequency HRV range have also identified an increase in
body temperature (Díaz-Rodríguez et al., 2011) The present lack of a difference in temperature
between the mindfulness only and resonance only groups may have been due to a failure to
adequately account for diurnal variations in temperature, as well as variations in the ambient
temperature of the testing environment.
Substantial heart and breath rate differences were also observed between those receiving
mindfulness training and those in the resonant breathing groups. The substantial reductions in
breath rate within the resonant training groups are direct evidence that participants were engaged
in the training and made successful efforts to reduce breath rate to match the pace of the auditory
signal. Those in resonant breathing groups did not exhibit a decrease in heart rate within most
sessions compared to those who did not receive resonant breath training, in part due to the
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substantially increased variation in heart rate inter-beat-intervals. Additionally, resonant
breathers exhibited greater within-session average heart rate compared to those who did not
receive any resonant breathing training. This effect is also consistent with previous research,
which identified no substantial change in overall heart rate. The significantly higher degree of
heart rate variability results in patterns with great variation of inter-beat-intervals, but also
maintains an average heart rate (Lehrer et al., 2000; Song & Lehrer, 2003). Overall, the present
study confirmed the implementation method and physiological reactions of resonance breath
training, as proposed by Lehrer (2000).
Rapid learning effects. Previous studies of resonance training used ten sessions over
nine weeks to derive signs of long term physical and psychological benefit (Hassett et al., 2007),
whereas the present study was able to identify the presence of rapid learning physiological
differences utilizing only three training sessions across two weeks. The combined resonance and
mindfulness group exhibited a substantially greater increase in coherence to breathing in the low
frequency HRV range than the other groups when comparing baseline to measurements taken
prior to the third training session. Similarly, the resonance only and combined groups
demonstrated substantially reduced coherence to the high frequency HRV range when comparing
change from baseline to just prior to administration of the third training session. These results
indicate that individuals receiving a resonance component of treatment are exhibiting beneficial
physiological change of greater HRV and balance between parasympathetic and sympathetic
nervous systems in as little as two weeks of brief daily practice. Such effects suggest that gains
can be made rapidly even among an extrinsically motivated population. The benefits of
maintaining such a trait level shift in physiology include reduced risk for cardiovascular diseases,
increased memory function, more rapid processing speed, and increased resilience to worries and
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depressive triggers (Brosschot et al., 2007; Hansen et al., 2003; Thayer et al., 2009). The rapid
integration of lower HRV into a person’s life through brief daily resonant breathing practice may
increase the intervention’s utilization as a component of treatment for a wide range of conditions.
Difference in skill acquisition. The present study may have identified a fundamental
difference in skill acquisition between mindfulness and resonant frequency breath training. As
mindfulness is a more cognitive task, it may require greater practice time to exhibit the expected
psychological and physiological gains. Previous full-length interventions of both mindfulness
practices and resonant breath training are often between eight and ten weeks in length (Hassett et
al., 2007; Hayes, 2004; Kabat-Zinn et al., 1992). Past research has also identified limited gains in
brief mindfulness intervention formats, lending further support to the need for more practice to
exhibit mindfulness proficiency (Bowen & Marlatt, 2009).
Reduction of anxiety. The resonant breathing group was the only group to exhibit
substantially decreased anxiety from baseline assessment to assessment at the second session, as
well as from baseline to assessment at the third session. It is important to note that a baseline
discrepancy was observed on the DASS-21 Anxiety scale, in which the resonance group
exhibited greater endorsement of anxiety. Relaxation has been observed to be an effect of
resonance breath training (Song & Lehrer, 2003). The observed reduction in anxiety was
possibly the result of regression to the mean. Had baseline differences not been present, a
reduction in anxiety would have been consistent with previous research investigating resonant
breath training. More profound reductions may not have been observed due to potential floor
effects on the DASS-21 scales. Minimum endorsement of items on any individual scale would
reflect a score of 7, and group means suggest that participants endorsed only a few items above
the minimum. Mean scale scores across all time points reflected low variability in symptom
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endorsement and minimal symptom identification. Low variability and minimal endorsement
may have exaggerated the difference identified at baseline.
Impact upon emotion regulation. The resonance group did not have any discernible
impact upon the development of emotion regulation strategies. Little research has investigated
the relationship between resonance breath training and emotion regulation, but a previous study
had hypothesized that HRV may be related to emotion regulation (Geisler et al., 2010). As the
resonance training exhibited effects on a physiological level, it is possible that manipulation of
HRV to impact emotion regulation has only weak effects that were not observed due to the short
duration of the intervention. Additionally, use of an extrinsically motivated population may have
impacted reporting of emotion regulation strategies. Future study of resonance breath training
upon emotion regulation should examine an intrinsically motivated population over a full, 10week intervention, as developed by Lehrer (2000).
Efficacy of the Combined Mindfulness and Resonance Intervention
The combined intervention group exhibited similar change on the physiological variables
as the resonant breathing only group. In most cases, the combined group yielded effects that
were substantial, though not quite as significant as the resonant breathing group. This outcome is
consistent with expectations, as the greater attentional demands of attending to breath pacing and
mindfulness training was likely to result in less consistent coherence to the prescribed breath rate
as the resonance only group. Overall, these observations are welcome, as they support the
efficacy of the resonant breathing intervention and the ability to maintain the intervention while
additional attentional demands are placed upon an individual. This observation suggests that
resonant frequency breath training does not require full attentional demand, and it may be
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possible to pair resonance training with other interventions requiring a moderate attentional
demand.
It was hypothesized that the combined mindfulness and resonant frequency breath
training group would exhibit the greatest gains in emotion regulation, increases in positive
affectivity, and decreases in negative affectivity when compared to the control and other
treatment groups. Although the combined group exhibited less negative affectivity in the
moment after the initial intervention than the control group, no significant difference was
observed between the combined group and the other treatment groups. This effect was not
observed at the second and third intervention periods. Such a result occurring in the first session
may be impacted in part due to effectiveness of intervention, as well as expectation of efficacy in
the intervention by participants. As no other differences were observed demonstrating increased
efficacy of the combined group, it may be possible that the combined intervention may be overly
complicated regarding attentional demands for novices. Additionally, the training period may
have been too brief to allow for adequate proficiency to master the attentional demands sought in
the condition.
The greatest decrease in sub-clinical stress and anxiety symptom endorsement was
anticipated to occur within the combined training group. This hypothesis was not supported as
only the resonance group demonstrated a decrease over time on these scales. Again, floor effects
on the DASS-21 subscales may have contributed to this result. Examination of a sample
endorsing clinical levels of anxiety, stress, and depression may have allowed for more substantial
effects to be observed.
Support for complexity of a task as a means to engage attention. Similar to
examination of results for the mindfulness group, performance on mindfulness measures by the
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combined training group was below expectations; however, when examining overall change on
the FFMQ scales, the combined training group yielded significant gains on the total scale score
compared to other groups. This observation supports the notion that the mindfulness training as
presenting in this study was likely not sufficient to sustain attention, but when presented as a part
of a more complex task in the combined group, individuals put forth more effort to remain
engaged in the task. Additionally, utilization of extrinsic rewards, as is the case in the present
study, has been observed to be moderately negatively correlated to intrinsic motivation, and
mildly negatively correlated to self-reported interest (Deci, Koestner, & Ryan, 1999).The
findings also support past research identifying the relationship between cognitive engagement
and motivation in task completion (Corno & Mandinach, 1983).
Efficacy of the Mindfulness Intervention
Participants in the mindfulness group exhibited some physiological changes that were
partially consistent with expectations. Although small compared to groups receiving resonance
training, the mindfulness group exhibited small reductions in heart rate, breath rate, and
coherence to the high frequency HRV range, consistent with previous research of other
meditative practices (Ditto et al., 2006). Indeed, research has continued to identify that cognitive
interventions can have a significant beneficial impact upon heart rate and heart rate variability
(Cuthbert et al., 1981; Hansen et al., 2013). It was predicted that as participants engaged in
mindfulness practice, breath rate would slow to become more congruent with a resonant
breathing pace. Although the effects are small, the results indicated that a reduction in breath rate
is observed among novice meditation practitioners. These results likely reflect significant change
on physiological variables from meditation completed by experienced practitioners (Ditto et al.,
2006). Consistent with previous studies examining brief mindfulness interventions, anticipated

117
physiological change was also observed for systolic blood pressure (Zeidan et al., 2010). It is
likely that as individuals become more proficient with mindfulness practice, they become more
comfortable with slower breathing rates, potentially resulting in unintentional increased
coherence to the low frequency HRV range.
Lack of effects on mindfulness variables. Unfortunately, the mindfulness group did not
demonstrate significant gains on any factor of the FFMQ mindfulness scale over the course of
the intervention, nor did the mindfulness group exhibit gains in mindfulness in relation to other
groups. Physiological shifts observed in the mindfulness group may have resulted from hearing a
calming voice that induced relaxation, but not attention to the exercise. Those trained in
mindfulness were predicted to exhibit the greatest mindfulness skill acquisition, particularly of
the three less advanced mindfulness skills: description, observation, and acting with awareness.
The mindfulness group did not exhibit the greatest skill acquisition in any of these areas.
Although not adhering to home practice was suspected to play a role in the lack of mindfulness
skill acquisition, degree of home practice endorsement did not impact the results. Home practice
was based upon self-report, and it may be possible that participants over-reported adherence to
home practice guidelines. It is also possible that a three session intervention is not sufficient to
demonstrate gains in mindfulness meditation. Cuthbert et al. (1981) found that three sessions
were adequate to identify gains when examining novices practicing mantra-based meditation,
although their results were confounded by the relationship between the participant and the
meditation instructor. Mindfulness meditation, however, may require more focused and sustained
attention to practice than mantra-based meditation. As a result, more time may be necessary to
observe gains among novice mindfulness practitioners. Also, in another study that investigated
the use of a brief, four week, mindfulness intervention to manage stress, anxiety, and depression,
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small yet significant gains were observed, and participants requested more extensive training
(Olivo, Dodson-Lavelle, Wren, Fang, & Oz, 2009). The two-week intervention utilized in the
present study may not be sufficient to demonstrate gains on psychological variables. Previous
work examining a brief mindfulness intervention identified cognitive and physiological benefits,
but did not assess specifically for gains in specific mindfulness skills (Zeidan et al., 2010). It
may be possible that noticeable gains in core mindfulness skills are not discernible with the
FFMQ from a brief, two week, intervention. Other comprehensive assessments of mindfulness
are continuing to be developed, and future study of brief mindfulness intervention and
mindfulness skill development should review available measures considering sensitivity and
degree of intervention required on each measure to discern gains (Bergomi et al., 2013).
Another factor explaining the lack of observed gains in mindfulness could be that the
intervention was not adequately engaging for participants. This may be due, in part, to
participants not being intrinsically motivated to participate in the intervention. Additionally,
studies examining mindfulness interventions typically provide training in a group format guided
by a facilitator (Baer, 2003; Kabat-Zinn et al., 1985). Due to limited resources, the present study
was unable to provide an unbiased facilitator for mindfulness interventions. In order to reduce
potential for experimenter bias and ensure homogenous administration of the mindfulness
intervention, an auditory recording of mindfulness training was utilized.
It is possible that the lack of in-person facilitation and the individualized administration
of the intervention reduced participants’ attention and engagement in the intervention. If this is
the case, these results could highlight the importance of face-to-face facilitation as a factor in
practice engagement among novice practitioners. The importance of interpersonal expectations
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to fully engage in practice could potentially increase as a person’s intrinsic motivation to engage
in the practice decreases.
Impact upon emotion regulation. As it is possible that participants were not fully
engaged in mindfulness practice, it is understandable that no significant group effects were
observed for emotion regulation. Previous research has suggested that mindfulness can foster
development of emotion regulation strategies, and that the nonjudgment skill may be particularly
beneficial in the development of such strategies (Hayes, 2004; Kabat-Zinn, 2003). Additional
research has suggested that mindfulness intervention can increase resilience against emotional
exhaustion and that this relationship is mediated by the emotion regulation strategy of surface
acting (Hülsheger et al., 2013). Although the present study sought to investigate this relationship,
this possibly limited engagement in the intervention impacted results. Future research may still
find that mindfulness, and particularly the development of nonjudgment, may foster the
development of emotion regulation strategies. Such research should include an intrinsically
motivated sample to demonstrate gains on mindfulness skills and emotion regulation abilities.
Support for Predicted Relationships
Observed correlations between physiological and psychological variables supported
aspects of the hypothesized model of relationships (Figure 3). However, these correlations must
be interpreted with caution as the sample size was small for correlational analyses, resulting in
large confidence intervals. Further, correlations of change are relatively meaningless when the
changes they associate are of relatively small effect size. Still, changes in breath rate and heart
rate were both correlated to aspects of heart rate variability. Additionally, high frequency HRV
coherence was correlated with higher endorsement of stress and anxiety. This result was
expected given the association of activation of the parasympathetic system observed in greater
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high frequency HRV coherence. These observations supported some of the physiological aspects
of the hypothesized model as depicted in Figure 3. No support was observed for a significant
relationship between HRV and temperature change.
As noted above, the limited degree of change that was observed on the psychological
measures severely limited the ability to evaluate relationships between constructs in relation to
the hypothetical model. Minimal change scores on mindfulness measures in particular resulted in
difficulty evaluating the proposed relationships. In spite of these limitations, an interesting
relationship was observed between mindfulness skills and emotion regulation strategies. Use of
suppression strategies to regulate emotions was positively correlated to nonjudgment and
nonreactivity, and cognitive reappraisal emotion regulation strategies were linked only to
nonreactivity. Other research has posited that the mindfulness skill of nonjudgment may
improve emotion regulation by promoting self-efficacy to aid an individual’s ability to cope with
stressors (Luberto, Cotton, & McLeish, 2012). It may be possible that nonjudgment was
perceived as avoiding or repressing judgment, in which case it would be viewed as similar to a
suppression strategy. These were the only mindfulness skills which showed a relationship with
either emotion regulation strategy, and increases in these skills may speak to a general increase
in effective use of emotion regulation strategies.
The hypothesized model of relationship was supported regarding some physiological
characteristics, consistent with expected influences from resonance and mindfulness training.
The participants’ lack of intrinsic motivation may have substantially influenced mindfulness
measure performance; as a result, the current study cannot confirm the related aspects of the
model. Further research with an intrinsically-motivated sample is needed to further examine the
hypothesized model. In spite of the minimal results observed on the mindfulness scales, it is
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interesting that relationships between nonjudgment and nonreactivity were observed. The nature
and strength of these relationships may change more among individuals who do make substantial
gains on mindfulness measures.
Implications
Benefits of resonance training. The present study has a number of implications. The
value of resonant breath training as a means to manipulate heart rate variability was supported,
and also occurred while participants were engaged in other attentional demands. The rapid
physiological and retained learning benefits of breathing at resonant frequency were also evident.
These factors may make resonant breathing a beneficial add-on component to existing therapies
for both physical and psychological conditions.
The combined group also exhibited the greatest gains of overall mindfulness skill
acquisition. Further research utilizing a full length intervention with an intrinsically motivated
sample could strengthen the preliminary evidence in the present study, identifying that a
combined resonant and mindfulness training allows for greater mindfulness skill development
among an intrinsically motivated population. If further research supports these findings, a more
efficient method of skill acquisition may be identified for a population with ambivalence about
participation, and the combined training could then become a new foundation for effective
mindfulness intervention training to novice meditators.
The data of the present study do not support the hypothesis that mindfulness skills would
be acquired during a very brief resonant breath training intervention. Additional research is
needed with an intrinsically motivated population to attempt to identify whether a substantial
difference in mindfulness gains occur between novice mindfulness practitioners and novice
resonant breathers. It may be possible that a full length intervention would also better evidence
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mindfulness skill acquisition among one or both groups. Resonant breath training over time may
indeed foster mindfulness skills, but at a very slow pace. Results of a full length, 10 week
resonant breath training intervention may show some gains on mindfulness skills, but it is likely
that gains would not be evenly distributed across the five mindfulness components.
The impact of minimal results on mindfulness scales. The minimal significance of
results within the mindfulness groups may be indicative of participants not cognitively engaging
in the exercise as asked, or may reflect a difference in skill acquisition rates between the two
intervention types, in addition to the possibility that the hypothesis was incorrect. Furthermore, it
may be possible that mindfulness skills are not as readily acquired as other meditative practices
over the course of a two week intervention period. Cuthbert et al. (1981) used a mantra-based
meditation design to achieve significant results over a two week period. As noted above, it may
be that mantra-based meditations require a different level of cognitive engagement than breath
awareness mindfulness practice, as breath awareness is more abstract than focusing on a mantras,
and may take more sustained cognitive effort or more cognitive resources than mantra practices.
As a result, it may take additional time to develop the cognitive skills needed to demonstrate
gains on mindfulness scales. As the resonant breathing intervention is a behavioral manipulation
requiring low cognitive demands, it may be easier to execute than engaging in mindfulness
practice. As a result, this lends further evidence to the utility of breath exercises to cause rapid
change in autonomic system functioning with low levels of instruction.
Also, as the combined group demonstrated the greatest overall gain on the FFMQ, it is
possible that engagement in mindfulness practice was increased due to the novelty or increased
complexity of the task. Integrating resonance breath training into teaching mindfulness practice
may assist the development of mindfulness skills among those who may not be intrinsically
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motivated to participate otherwise. Social expectations of engaging in mindfulness practice
would also likely boost skill development. As social expectations implicitly generated from a
facilitator or other group members was removed from the present study, it highlights another
important component that may be needed to teach mindfulness skills to those who are ambivalent
about beginning the practice.
The hypotheses of the present study predicted two potential levels of mindfulness skill
acquisition, with observation, description, and acting with awareness identified as more basic
skills, and nonjudgment and nonreactivity predicted to be more advanced skills. The minimal
endorsement of mindfulness abilities does not allow a distinction to be made between basic and
advanced mindfulness skills. More research is needed with an intrinsically motivated sample of
beginning meditators to determine which skills are more readily acquired. Such findings may
further guide and support the implementation of mindfulness techniques.
The minimal data related to mindfulness skill acquisition also impacted evaluation of the
relationship between mindfulness skills and cognitive reappraisal strategies. If data can be
gathered to reflect mindfulness skill acquisition it may be possible to investigate if meditators
who make gains in nonjudgment and nonreactivity skills are in fact more likely to utilize
cognitive reappraisal strategies. Further support for the impact and development of the particular
facets of mindfulness has been recommended as an area in need of additional research (Shapiro,
2009).
Due to difficulties pertaining to motivation and low symptom endorsement of the sample
population, it is worth re-evaluating the hypothetical model of the present study with an
intrinsically motivated, clinical population. A full-length examination of the interventions may
also result in more significant results and greater variability in skill acquisition across the
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treatment groups. Full intervention models of both resonant breath training and mindfulness
training protocols are often between 7 and 12 weeks in duration, and it would be worthwhile to
re-examine the present hypotheses under such an observation window.
Future study of integrated psychological and physiological interventions. Future
research is needed to understand the impact of combining meditative and psychophysiological
techniques upon emotion regulation abilities. An underlying assumption of the present study was
that the physiological processes related to low frequency HRV and the cognitive processes of
mindfulness meditation had similar physiological and psychological effects, and that the
processes governing each were discrete. Recent research has supported the independent
processes of low frequency HRV impacting mood and cognition, as well as mental practices
impacting aspects of physiology (Mansfield et al., 2012). These recent findings suggest there is
potential to utilize both psychological and physiological processes in a complementary manner.
Integration of physiological and psychological methods may identify novel approaches to
treatment as well as increase understanding regarding why each process contributes to emotion
regulation and affective change (Chambers, Gullone & Allen, 2009; Kabat-Zinn, 2003). A
finding supporting present hypotheses would identify a more efficient, effective means to bring
about emotion regulation in individuals. More efficient emotion regulation practices can then be
applied to a wide variety of settings, including clinical populations and sub-clinical populations.
Hypothesized decreases in distress will also be applicable to clinical populations. Such training
can be introduced to those who are at risk for having difficulty regulating emotions, such as
individuals who experience affectively loaded environments (e.g., police, paramedics, social
workers, mental health therapists, etc.) (Johnson et al., 2009).
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This study attempted to integrate two diverse areas that may impact emotion regulation.
While emotion regulation has been examined within the confines of particular fields of study,
combining research from separate areas of study provides a basis to explore the regulation of
emotions in new ways. Increased understanding of emotion regulation based upon a more
inclusive, integrative model may foster additional research, not only in emotion regulation, but
also integrative research of other diverse areas of study (Chambers Gullone & Allen, 2009).
The current research combines the mind’s influence upon the body and the body’s
influence on the mind in order to elicit more substantial influence upon emotion regulation,
affectivity, and level of distress. Much previous research assumes a unidirectional model in
terms of the mind-body relationship; and although the present study did not shed further light on
this relationship, future research should be more inclusive of procedures that address the
reciprocal nature of the mind-body relationship (Shanon, 2008).
Strengths of the Current Study
The study design provides the first opportunity for mindfulness meditation and resonant
frequency breath training to be compared and combined in examining their impact on emotion
regulation, mindfulness meditation skills, heart rate variability, positive and negative affectivity,
and temperature changes. The study operated from the assumption that mindfulness and heart
rate variability processes are discrete, and may be additive, an assumption that was upheld
through recent research (Mansfield et al., 2012). Although the design utilizes a smaller sample
size than that which would be needed to identify smaller effect sizes, the potential outcomes
from this design may provide pilot data for a larger scale project.
The present study utilized brief interventions in an undergraduate sample as a preliminary
investigation into potential benefits of developing a combined mindfulness and resonant
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breathing practice. No previous studies have investigated a potential combined intervention. The
present study identified valuable information that will help to refine and test a combined
intervention in the future. Studies that examine other interventions that combine psychological
and physiological methods may benefit from the successes and limitations of the present study.
The impact of resonant frequency breath training upon autonomic nervous system
functioning was confirmed, supporting previous research investigating this effect (Lehrer et al.,
2009). The current research went further than previous designs in that autonomic nervous system
modulation through strengthening HRV and achieving greater balance between sympathetic and
parasympathetic activation was observed in a sample of individuals inexperienced with these
intervention procedures. These effects were also achieved in a very short amount of time, and
were also observed while participants were asked to engage in other cognitively demanding
tasks. The present study indicates that resonance breath training may be an effective strategy to
develop certain gains in a short period of time, and that such training does not require substantial
cognitive demands. Additionally, this effect was observed among extrinsically motivated
individuals, reflecting that the training is beneficial even for those who may not be motivated to
engage in the task to achieve the desired benefits. Resonance training may be beneficial to evoke
positive emotional and physiological responses from other populations that may be similarly
lacking motivation, in addition to use in a preventative manner.
As the current study was constricted by time and resources, the results that were achieved
are especially significant given the variety of constraints. The study provides a solid starting
point for future studies to continue to investigate the potential for a combined mindfulness and
resonant breath training intervention. The results of the current study will guide future study
design to incorporate utilization of a clinical sample, such as those experiencing anxiety or
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depression, use of a full length mindfulness intervention, and possibly delivery of interventions
in a facilitated group format.
The present study utilized empirically validated methods to investigate the various
psychological and physiological constructs examined. The utilization of the non-invasive yet
highly sensitive digit mounted sensors is consistent with current psychophysiological research
methods used to study heart rate variability and other physiological processes (Lehrer et al.,
2009). The integration of a repeated measures design allowed for observation of change to be
made over time. Although no quadratic effects were observed, collecting the data to make such
observations allowed quadratic explanations of results to be ruled out.
Limitations of the Current Study
There are several limitations to the current study. The homogenous sample is limited to
an age-restricted undergraduate population with no previous meditation experience, which
reduces the generalizability of the results. The research protocol for the establishment of resonant
frequency requires substantial physiological assessment; however, clinical applications can
function with little to no such assessment, which may also impact how research results relate to
clinical settings. The abbreviated intervention protocols utilized in this study may not have had
as strong an effect as full length mindfulness meditation and resonant frequency breath training
interventions. Also, full length interventions may exhibit stronger and more clearly discernible
skill acquisition patterns on repeated measures designs than those that can be observed in the
current study, in regard to mindfulness meditation training.
Additionally, multiple factors may have impacted performance on various measures. The
study design was flawed in that primary assessment occurred after participants had been
informed of the group to which they had been randomized, possibly contributing to the group

128
differences observed prior to training observed on the DASS-21 Stress and Anxiety Scales.
Another factor potentially contributing to participants having biased expectations when entering
the study was the advertisements for the study. The advertisements indicated participants would
“increase well-being” through participation, and individuals randomized to certain groups may
have perceived that the training would not have an impact upon well-being. Expectations from
advertisements may have had an impact upon baseline measurement as well as over the course of
the study. Although the DASS-21 is designed to be a measure of anxiety, depression, and stress
in a subclinical population, use of the measure in an undergraduate population resulted in
generally low endorsement across all scales. Floor effects on these scales likely had some impact
in observing the desired effects upon these measures.
Great care was taken to develop a standardized protocol for mindfulness, resonant breath
training, and the combined mindfulness and resonant breath training groups in an effort to reduce
the potential experimenter bias that could have been evident with mindfulness training
administered in vivo by an experienced practitioner. Without engaging with a practitioner and
only listening to an audio recording, it is difficult to determine the degree to which participants
receiving mindfulness training were actively following the instructions on the recording. As
previously noted, participants were also extrinsically motivated to participate, further impacting
outcomes. Furthermore, low scoring on the FFMQ may have been influenced by the abbreviated
intervention protocol. A full length, 12 week protocol would have likely resulted in greater
mindfulness skill acquisition. These factors may have reflected the low endorsement observed
for all mindfulness skills across groups.
Correlations identified in the present study are substantially limited in their
generalizability due to small sample sizes, often resulting in large confidence intervals. Future
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study examining similar correlations will require a substantially larger sample size to obtain
more reliable results.
Summary
The current research examined two processes that have been shown to have an impact
upon emotion regulation processes. Research strategies that integrate interventions from different
fields may yield effective results that are beyond the limitations of a single independent area of
study (Glass, Arnkoff, & Rodriquez, 1998). The present study attempted to examine the efficacy
of an integrated intervention utilizing mindfulness and resonant frequency skills, in addition to
comparing and contrasting mindfulness and resonant frequency breath training benefits.
It is important to note that substantial effects upon heart rate variability were observed
from the resonant breath training intervention. These effects support that physiological gain can
be achieved through resonance breath training, in a very brief period of time. The gains were
observed in an extrinsically motivated population, suggesting that the intervention is highly
effective even among groups who may not be self-directed to make gains. As a result, resonance
breath training may be an effective preventative intervention for those who may benefit from
training to induce low frequency HRV. Such individuals may include medical patients at risk for
conditions that may impact cardiac function, and who have demonstrated resistance to making
other diet or lifestyle changes.
Support for the efficacy of resonance breath training on manipulating certain
physiological processes was identified, and it was determined that resonance breath training may
increase mindfulness skill acquisition among individuals who are extrinsically motivated to
engage in mindfulness practice. Although not a direct investigation of the present research,
results suggest that social expectations may play a role in mindfulness training participation in
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groups that are extrinsically motivated to participate. Although minimal effects were observed on
the mindfulness measures, these observations provide valuable information about how to
improve future study design. The hypothesized model of relationships was supported regarding
some physiological relationships; however, more research is needed with a sample of individuals
who demonstrate gains on mindfulness measures to determine other relationships. The results did
not support the use of very brief mindfulness or resonance training as a means to foster emotion
regulation strategies; however, future studies incorporating changes in study design and target
population may identify such results. The current study provides a starting point to further
evaluation of developing a combined mindfulness and resonant breath training intervention that
may facilitate development of emotion regulation strategies, and may serve to guide future
research designs that aim to integrate psychological and physiological interventions.
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Appendix A1

Differences at Baseline on Psychological Measures by Gender

Variable

Gender

Mean

SD

t

d

DASS21 Depression Male
Female

10.04
9.99

3.47
3.59

0.06

0.01

DASS21 Anxiety

Male
Female

10
10.55

2.35
2.97

-0.79

0.18

DASS21 Stress

Male
Female

12.26
13.47

3
4.12

-1.28

0.28

DASS21 Total

Male
Female

32.3
34.01

7.62
9.06

-0.8

0.18

ERQ Reappraisal

Male
Female

30.17
31.32

6.48
7.76

-0.63

0.14

ERQ Suppression

Male
Female

14.96
13.68

5.45
5.2

0.99

0.22

ERQ Total

Male
Female

45.13
45

8.39
9.49

0.06

0.01

PANAS W Positive

Male
Female

33.17
32.36

5.6
6.55

0.53

0.12

PANAS W Negative Male
Female

19.17
20.31

6.49
4.55

-0.77

0.17

FFMQ Observation

Male
Female

25.22
26.77

4.84
5.73

-1.15

0.26

FFMQ Description

Male
Female

24
24.42

2.83
3.2

-0.55

0.12

FFMQ Awareness

Male
Female

20.53
22.42

5.18
5.79

-1.37

0.3

21.93

5.83

0.45

0.1

FFMQ Nonjudgment Male

148
Female

21.23

6.53

FFMQ Nonreactivity Male
Female

21.35
20.19

4.22
3.28

1.33

0.3

FFMQ Total

113.02
115.03

11.16
13.23

-0.64

0.14

Male
Female

Note: Male sample N = 23, Female sample N = 59. Results were not significant on all measures.
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Differences at Baseline on Psychological Measures by Year in College

Variable

Freshman

DASS-21 Depression
Mean 9.9
SD
3.9
DASS-21 Anxiety
Mean 10.7
SD
3.43
DASS-21 Stress
Mean 13.48
SD
4.43
DASS-21 Total
Mean 34.1
SD
10.1

Sophomore

10.82
3.92

Junior

10.44
3.09

Senior

9.91
1.87

10.67
2.81

10.15
2.81

13.91
3.8

12.5
3.65

12.02
2.86

33.61
8.35

30.54
7.02

ERQ Reappraisal
Mean 31.43
SD
6.27

30.5
8.61

32.78
6.26

28.64
8.8

ERQ Suppression
Mean 14.11
SD
4.85

14.68
5.18

13.89
5.99

13.07
5.27

ERQ Total
Mean 45.54
SD
7.22

45.18
9.02

46.67
9.49

41.71
12.12

30.86
7.32

32.5
6.83

η2

1.53

0.06

0.42

0.02

0.44

0.03

0.71

0.03

0.88

0.03

0.27

0.01

0.83

0.03

2.59†

0.09

0.32

0.01

1.63

0.06

8.36
2.13

34.63
8

PANASw Positive
Mean 32.04
SD
4.73

F

36.5
5.39

PANSw Negative
Mean 19.82
SD
5.5

20.55
4.48

20.39
6.16

18.93
4.29

FFMQ Observe
Mean 25.07
SD
7.04

27.77
4.93

27.61
3.48

24.97
4.45
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FFMQ Describe
Mean 25.04
SD
2.52

23.86
2.61

FFMQ Act with Awareness
Mean 23.14
22.05
SD
5.87
7.09

23.11
4.04

20.46
4.22

1.9

0.07

0.96

0.04

0.67

0.02

0.59

0.03

0.64

0.02

25.05
3.15

21
4.02

FFMQ Nonjudgment
Mean 22.03
SD
6.68

22.4
6.89

20.5
6.56

19.85
4.07

FFMQ Nonreactivity
Mean 19.82
SD
3.6

20.86
3.17

20.61
3.07

21.21
4.76

FFMQ Total
Mean 115.1
SD
15.98

116.94
12.84

112.29
9.69

112.1
7.27

Note: † p <.1; *p<.05; **p <.01. Freshman N = 28, Sophomore N = 22, Junior N = 18, Senior N
= 14.
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Differences at Baseline on Psychological Measures by Ethnicity, 2 Levels

Variable

Ethnicity

Mean

SD

t

d

DASS Depress Caucasian
Minority

9.9
10.23

3.24
4.15

-0.39

0.08

DASS Anxiety Caucasian
Minority

10.07
11.08

2.53
3.27

-1.52

0.34

DASS Stress Caucasian
Minority
DASS Total Caucasian
Minority

13.32
12.73
33.29
34.04

3.85
3.92
7.7
10.62

0.64

0.14

-0.36

0.08

ERQ Reapp

Caucasian
Minority

30.2
32.73

7.41
7.23

-1.45

0.32

ERQ Suppress Caucasian
Minority

13.32
15.58

4.9
5.8

-1.83†

0.41

ERQ Total

43.52
48.31

8.68
9.41

-2.26*

0.51

PANAS-W Pos Caucasian
Minority

32.46
32.85

6.34
6.25

-0.26

0.06

PANAS-WNeg Caucasian
Minority

19.07
21.96

4.48
5.99

-2.44*

0.55

FFMQ Obs

Caucasian
Minority

27.21
25.84

5.46
4.75

0.56

0.13

FFMQ Desc

Caucasian
Minority

24.23
24.45

3.03
3.26

-0.3

0.07

FFMQ Aware Caucasian
Minority

22.06
21.54

5.95
5.07

0.39

0.09

FFMQ Nonr Caucasian
Minority

20.25
21.08

3.37
4.01

-0.97

0.22

Caucasian
Minority
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FFMQ Nonj

Caucasian
Minority

FFMQ Total Caucasian
Minority

21.51
21.22

6.72
5.45

0.2

0.04

114.63
114.12

12.83
12.47

0.17

0.04

Note: † p <.1; *p<.05; **p <.01. Caucasian N = 56, Minority = 26.
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Significant Group Differences on Affective Measures at Each Session

Mindfulness

Resonance

Combined

F

η2

DASS-21 Depression
Baseline 11 (4.42)
Time 2
11.14 (5.24)
Time 3
10.62 (4.61)

9.52 (3.31)
10.32 (4.7)
10.1 (4.17)

9.97 (3.18)
10.25 (4.34)
9.75 (4.17)

9.5 (3.07)
8.6 (1.88)
9.1 (2.57)

0.82
1.27
0.53

0.03
0.04
0.01

DASS-21 Anxiety
Baseline 10.86 (2.95)
Time 2
10.87 (3.69)
Time 3
10.76 (3.88)

9.86 (2.48)
8.55 (2.53)
9.14 (2.71)

11.76 (3.03)
9.93 (2.56)
10.34 (3.57)

9.1 (2.13)
9.25 (2.27)
9.45 (2.5)

3.79* 0.13
1.28 0.04
1.14 0.04

DASS-21 Stress
Baseline 14.43 (4.69)
Time 2
13.24(5.26)
Time 3
12.4 (4.23)

12.33 (4)
11.94 (3.74)
12.33 (4.56)

14.12 (3.25)
12.58 (4.58)
11.53 (4.3)

11.62 (2.65)
11.75 (3.75)
10.85 (3.41)

2.7†
0.49
0.64

0.09
0.01
0.02

DASS-21 Total
Baseline 36.29 (10.4) 31.71 (8.08) 35.84 (8.01) 30.23 (6.67)
Time 2
35.25 (13.05) 31.8 (8.75)
32.75 (10.11) 29.6 (6.82)
Time 3
33.78 (11.45) 31.58 (10.18) 31.62 (10.68) 29.4 (6.7)

2.6†
1.13
0.66

0.09
0.04
0.02

ERQ Reappraisal
Baseline 29.86 (7.91)
Time 2
31 (6.63)
Time 3
28.85 (7.41)

31 (8.63)
31.62 (6.61)
31.19 (8.15)

32 (7.36)
32.85 (5.89)
30.15 (7.29)

31.2 (5.73)
31.2 (5.8)
31.2 (5.81)

0.29
0.36
0.49

0.01
0.01
0.02

ERQ Suppression
Baseline 14.24 (4.95)
Time 2
14.9 (5.45)
Time 3
14.43 (5.04)

13.48 (4.52)
12.76 (4.18)
13.05 (5.06)

12.65 (5.32)
12.6 (4.41)
12.32 (5.32)

15.8 (6.09)
14.05 (5.24)
14.75 (5.79)

1.31
1.06
0.95

0.04
0.04
0.04

ERQ Total
Baseline
Time 2
Time 3

44.48 (10.2)
44.38 (7.66)
44.24 (9.25)

44.65 (8.85)
45.45 (6.45)
42.47 (8.85)

47 (8.5)
45.25 (8.49)
45.95 (9.17)

0.41
0.13
0.53

0.02
0.01
0.02

33.5 (5.39)
29.65 (7.6)

32.15 (5.09)
28.2 (7.08)

0.27
0.29

0.01
0.01

Variable

Control

44.1 (9.27)
45.9 (9.27)
43.28 (9.64)

PANAS Positive – Past Week
Baseline 31.86 (6.85) 32.86 (7.65)
Time 2
29.57 (7.03) 28.05 (7.39)
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Time 3

29.86 (5.48)

27.43 (9.12)

28.95 (7.64)

29.25 (9.12)

0.35

0.01

PANAS Negative – Past Week
Baseline 19.71 (5.48) 19.71 (4.53)
Time 2
19.14 (6.45) 19.62 (9.37)
Time 3
18.48 (6.84) 17.76 (6.93)

21.2 (4.88)
19.55 (7.67)
17.4 (6.5)

19.35 (5.82)
18.25 (6.21)
17.8 (8.08)

0.5
0.14
0.08

0.02
0.01
0

PANAS Positive – Present Moment
Time 1
19.05 (6.05) 23.71 (8.38)
Time 2
19.43 (6.85) 21.52 (7.65)
Time 3
21.29 (7)
22.33 (9.21)

21.65 (7)
21.75 (5.39)
21.65 (8.36)

22.05 (8.59)
19.9 (5.09)
21.85 (9.53)

1.37
0.5
0.05

0.05
0.02
0

PANAS Negative – Present Moment
Time 1
12.29 (2.92) 10.86 (1.11)
Time 2
12.16 (2.54) 11.76 (2.09)
Time 3
12.95 (6.35) 10.9 (2.1)

11.45 (2.35)
11.95 (3.66)
12.85 (6.05)

10.95 (1.79)
11.2 (1.54)
11.95 (6.03)

1.93
0.52
0.65

0.07
0.02
0.02

† Note: † p <.1; *p<.05; Control group N =21, Mindfulness group N = 21, Resonant Breathing
group N = 20, Combined group group N = 20, Total N = 82. Standard deviations follow means in
parentheses. PANAS present moment version was initially administered after the first training
period, and is designated at “Time 1” rather than “Baseline.”
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Significant Differences on Mindfulness Measures at Each Session
Variable

Control

η2

Mindfulness

Resonance

Combined

F

FFMQ Observe
Baseline 27.38 (4.83)
Time 2
26.9 (5.23)
Time 3
27.76 (5.5)

26.84 (5.18)
27.19 (5.34)
28.1 (6.2)

27.35 (5.69)
27.96 (5.66)
28.22 (7.1)

23.7 (5.86)
25.45(5.21)
26.85 (6.81)

2.15† 0.07
0.77 0.03
0.19 0.01

FFMQ Describe
Baseline 24.18 (3.47)
Time 2
24.86 (2.9)
Time 3
24.86 (3.4)

24.57 (3.54)
24.21 (2.87)
24.06 (2.79)

24.6 (2.98)
24.62 (2.96)
23.81 (2.76)

23.85 (2.35)
24.21 (2.48)
23.75 (2.79)

0.26
0.27
0.62

0.01
0.01
0.02

FFMQ Act with Awareness
Baseline 22.2 (5.82)
22.48 (6.11)
Time 2
24 (7.08)
21.47 (6.26)
Time 3
24.1 (7.94)
21.07 (6.99)

22.35 (5.69)
22.01 (5.16)
21.45 (6.07)

20.5 (5.15)
21.42 (5.67)
20.61 (6.13)

0.53
0.82
1.09

0.02
0.03
0.04

FFMQ Nonjudgment
Baseline 21.89 (6.23)
Time 2
21.14 (6.89)
Time 3
20.9 (8.12)

23.46 (6.22)
21.61 (6.27)
20.57 (6.68)

20.86 (5.49)
18.61 (5.87)
17.97 (7.15)

19.35 (6.97)
20.28 (6.77)
19.1 (5.42)

1.57
0.85
0.79

0.06
0.03
0.03

FFMQ Nonreactivity
Baseline 20.47 (3.33)
Time 2
20.94 (3.86)
Time 3
21.01 (4.99)

20.47 (3.96)
21.28 (4.69)
21.29 (5.04)

19.9 (2.51)
20.75 (3.34)
19.65 (1.9)

21.2 (4.4)
20.45 (3.09)
22.43 (3.62)

0.43
0.17
1.53

0.02
0.01
0.06

FFMQ Total
Baseline 116.13(12.55) 117.82(11.95) 115.06(12.52) 108.6(12.51) 2.15† 0.08
Time 2 117.83(13.24) 115.75(8.57) 113.96(9.72) 111.81(8.77) 1.28 0.05
Time 3 118.63 (18.2) 115.08(11.88) 111.12(15.31) 112.74(11.17) 1.05 0.04
Note: † p <.1; *p<.05; **p <.01. Control group N =21, Mindfulness group N = 21, Resonant
Breathing group N = 20, Combined group group N = 20, Total N = 82. Standard deviations
follow means in parentheses.
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Difference Scores from Initial Training to Final Training on Physiological Measures by Group

F

η2

0.41

0.02

1.05

0.04

0.4

0.02

0.4

0.02

Average Percentage Coherence to Low Frequency HRV Range
Mean -0.02
-3.39
-0.79
-1.5
SD
11.21
12.47
6.93
4.04

0.46

0.02

Average Percentage Coherence to High Frequency HRV Range
Mean -1.41
1.3
4.88
2.05
SD
9.1
9.16
19.47
6.28

0.92

0.04

Variable

Control

Average Temperature (F˚)
Mean -2.17
SD
4.93

Mindfulness

Resonance

Combined

0.37
5.67

-0.93
10.25

-0.71
7.61

Temperature Change over Training Period (F˚)
Mean -1.51
-1.46
0.37
SD
4.12
3.71
3.97

-1.82
5.45

Average Breaths per Minute
Mean 1.12
-0.11
SD
2.35
4.52

0.56
4.83

Average Heart Rate (Beats per Minute)
Mean 0.31
1.24
SD
9.95
11.38

1.24
5.76

3.54
11.95

3.54
13.06

Note: † p <.1; *p<.05; **p <.01. Control group N =20, Mindfulness group N = 21, Resonant
Breathing group N = 20, Combined group group N = 20, Total N = 81.

-0.32**
0.27*

-

0.68**

0.86**

-0.18

0.22*

-0.02

-0.16

-0.61**

-0.07

0

0.51**

0.18

0.4**

0.45**

0.63**

0.64**

0.88**

0.31**
0.14

-0.16

-0.22*

0.67**

-0.16

0.08

0.51**

0.2

0.48**

0.5**

DASS
Anx

DASS
Dep

DASS
Total

ERQ
Reap
ERQ
Supp
ERQ
Total
PA AS
Pos
PA AS
eg
FFMQ
react
FFMQ
Obs
FFMQ
Act
FFMQ
Desc
FFMQ
judg
FFMQ
Total
0.53**

0.53**

0.17

0.58**

0.01

-0.14

0.76**

-0.31**

-0.11

0.24*

-0.32**

-

0.84**

0.8**

0.9**

DASS
Total

-0.03

-0.04

-0.06

-0.31**

0.15

0.28**

-0.22*

0.04

0.82**

0.06

-

-0.22*

-0.21

-0.09

-0.24*

ERQ
Reap

0.19

0.38**

-0.28*

0.11

-0.11

0.19

0.3**

-0.31**

0.63**

-

0.01

0.08

0.09

0.09

0.05

ERQ
Supp

0.09

0.19

-0.21

-0.18

0.06

0.33**

0

-0.15

-

0.59**

0.82**

-0.13

-0.12

-0.02

-0.17

ERQ
Total

-0.01

-0.33**

0.22*

-0.29**

0.32**

0.37**

-0.34**

-

0.09

-0.15

0.22*

-0.47**

-0.57**

-0.18

-0.39**

PA AS
Pos

0.27*

0.37**

0.1

0.38**

-0.13

-0.18

-

-0.32**

-0.12

0.16

-0.13

0.66**

0.56**

0.58**

0.54**

PA AS
eg

0.42**

0.13

0.08

-0.25**

0.39**

-

-0.19

0.23*

0.23*

0.12

0.21

-0.3**

-0.27*

-0.13

-0.33**

FFMQ
react

0.54**

0.04

0.24*

-0.17

-

0.02

-0.06

0.27*

0.14

-0.08

0.24*

0.05

-0.13

0.11

0.15

FFMQ
Obs

0.5**

0.34**

0.05

-

-0.28*

-0.31**

0.26*

-0.41**

-0.19

0.02

-0.24*

0.45**

0.49**

0.33**

0.33**

FFMQ
Act

0.37**

0.02

-

-0.19

0.19

0.15

-0.1

0.28*

-0.03

-0.26*

0.15

-0.05

-0.1

-0.02

-0.01

FFMQ
Desc

0.7**

-

0.02

0.25*

-0.01

-0.26*

0.36**

-0.36**

0.02

0.11

-0.05

0.42**

0.4**

0.24*

0.4**

FFMQ
Judg

Note: *p <.05, **p <.01. White background are baseline correlations, grey background are third training session correlations.

0.43**

0.5**

0.07

0.52**

-0.07

-0.12

0.71**

-0.42**

-0.09

0.89**

-

0.48**

0.61**

0.63**

-

DASS
Stress

DASS
Dep

DASS
Anx

DASS
Stress

Correlations of Psychological Measures at Baseline and at Third Training Session
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-

0.68**

0.32**

0.44**

0.4**

0.07

0.25*

-0.17

0.05

0.01

0.06

0.43**

0.35**

0.35**

0.4**

FFMQ
Total
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Correlations of Physiological Variables and Psychological Change Scores at End of Third
Session
Temperature
(F˚)

0.06
DASS21
Stress
-0.1
DASS21
Anxiety
0.07
DASS21
Depression
0.02
DASS21
Total
0.01
ERQ
Reappraisal
-0.09
ERQ
Suppression
-0.04
ERQ
Total
-0.11
PA AS W
Positive
0.09
PA AS W
egative
-0.13
PA AS M
Positive
-0.01
PA AS M
egative
0.06
FFMQ
Observe
-0.02
FFMQ
Describe
-0.02
FFMQ
Act
-0.13
FFMQ
onjudge
-0.07
FFMQ
onreact
-0.07
FFMQ
Total
Note: *p <.05, **p <.01.

Breath
Rate

Heart Rate

-0.15

Coherence
to Low
Frequency
HRV
Range
-0.17

Coherence
to High
Frequency
HRV
Range
0.22*

0.21
-0.02

-0.15

-0.14

0.16

0.07

-0.09

-0.15

0.2

0.11

-0.15

-0.17

0.22*

-0.04

0.14

-0.02

0

0.04

0.18

-0.07

-0.02

0.07

0.21

-0.06

0

-0.14

-0.06

0

-0.07

0.2

-0.08

-0.13

0.15

-0.12

-0.21

0.04

-0.12

0.13

0.02

-0.03

-0.02

-0.05

0.01

0.01

-0.05

-0.07

-0.28*

-0.19

0.22*

0.12

-0.14

-0.17

0.16

0.11

-0.12

-0.09

-0.13

-0.14

-0.06

-0.07

-0.01

0.04

-0.19

-0.18

0.16
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Appendix B1
Five Facet Mindfulness Questionnaire
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Appendix B1
Five Facet Mindfulness Questionnaire (page 2)
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Appendix B2

Emotion Regulation Questionnaire
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Appendix B3
Positive and 'egative Affect Scale
This scale consists of a number of words that describe different feelings and emotions. Read each
item and then list the number from the scale below next to each word. Indicate to what extent
you feel this way right now, that is, at the present moment OR indicate the extent you have felt
this way over the past week (circle the instructions you followed when taking this measure).
1
Very Slightly
or Not at All

2

3

4

5

A Little

Moderately

Quite a Bit

Extremely

__________ 1. Interested

__________ 11. Irritable

__________ 2. Distressed

__________ 12. Alert

__________ 3. Excited

__________ 13. Ashamed

__________ 4. Upset

__________ 14. Inspired

__________ 5. Strong

__________ 15. Nervous

__________ 6. Guilty

__________ 16. Determined

__________ 7. Scared

__________ 17. Attentive

__________ 8. Hostile

__________ 18. Jittery

__________ 9. Enthusiastic

__________ 19. Active

__________ 10. Proud

__________ 20. Afraid

Scoring Instructions:
Positive Affect Score: Add the scores on items 1, 3, 5, 9, 10, 12, 14, 16, 17, and 19. Scores can
range from 10 – 50, with higher scores representing higher levels of positive affect. Mean
Scores: Momentary 29.7 ( SD 7.9); Weekly 33.3 ( SD 7.2)
Negative Affect Score: Add the scores on items 2, 4, 6, 7, 8, 11, 13, 15,18, and 20. Scores can
range from 10 – 50, with lower scores representing lower levels of negative affect. Mean Score:
Momentary 14.8 ( SD 5.4); Weekly 17.4 ( SD 6.2)
Copyright © 1988 by the American Psychological Association. Reproduced with permission.
The official citation that should be used in referencing this material is Watson, D., Clark, L. A.,
& Tellegan, A. (1988). Development and validation of brief measures of positive and negative
affect: The PANAS scales. Journal of Personality and Social Psychology, 54(6), 1063–1070.
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Appendix B4
Depression Anxiety Stress Scale-21
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Appendix C1
Mindfulness meditation script outline
Researcher says:
“I will now begin the wellness training. First I will attach some sensors that measure different
aspects of your physiology. Let me know if you experience any discomfort as we attach the
sensors. Once they are in place, please sit comfortably upright so you are not tempted to sleep,
and gently close your eyes. Take a moment to relax and take a few deep, calming breaths at your
own pace. I will begin a recording that will guide you through the wellness exercise. Relax and
follow the instructions on the recording.”

Recording outline:
•

Be aware of where your attention is. Direct your attention inward, being aware of your body,
aware of your breathing, right now, in the present moment.

•

Breathe at your own pace, taking slow, deep, comfortable breaths. Feel the air fully fill your
lungs, feeling your stomach muscles move as you breathe

•

Be aware of when you are inhaling and exhaling

•

Ask yourself, “What does it feel like when you inhale? Exhale?

•

Direct all of your conscious attention onto your breathing

•

As you breathe, you may notice your attention wander

•

Be aware of what your conscious mind is doing, right now

•

If your mind has wandered to other thoughts, that is okay

•

Accept, without judgment, where your attention is

•

Briefly observe that thought and return your attention back to the breath

•

Breathing is a constant, slow, natural rhythm that is always with us, although direct attention
is usually not focused on it

•

Appreciate the sensation of your own breathing, being aware of what it feels like as you
inhale and exhale, being aware of the shifts between inhaling and exhaling as they happen

•

Take a few more slow, deep breaths

•

Slowly begin to expand your awareness outward, being aware of your body, your place in
this room, and when you are ready, open your eyes
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Appendix C2
Resonant Frequency Breath Training Instructions
Researcher says:
“First I will attach some sensors that measure different aspects of your physiology. Let me know
if you experience any discomfort as we attach the sensors. Once they are in place, please sit
comfortably upright so you are not tempted to sleep, and gently close your eyes. Take a moment
to relax and take a few deep, calming breaths. At this point the wellness training will begin.
Match the pace of your breathing with the pace of your resonant frequency. Breathe at the pace
of your resonant frequency, beginning to inhale when the sound occurs, and beginning to exhale
when the sound occurs. Keep breathing at this pace throughout the entire exercise. I will
periodically remind you to breathe in pace with the sound.”
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Appendix C3
Combined Mindfulness Meditation and Resonant Frequency Instructions
Researcher says:
“I will now begin the wellness training. First I will attach some sensors that measure different
aspects of your physiology. Let me know if you experience any discomfort as we attach the
sensors. Once they are in place, please sit comfortably upright so you are not tempted to sleep,
and gently close your eyes. Take a moment to relax and take a few deep, calming breaths
matching the pace of your resonant frequency. Breathe at the pace of your resonant frequency,
beginning to inhale when the sound occurs, and beginning to exhale when the sound occurs.
Keep breathing at this pace throughout the entire exercise. I will now begin a recording which
will guide you through the exercise. Follow the instructions on the recording, continuing to
breathe in pace with the sound.”
Recording outline:
•

Be aware of where your attention is. Direct your attention inward, being aware of your body,
aware of your breathing, right now, in the present moment.

•

Breathe in pace with the sound, taking slow, deep, comfortable breaths. Feel the air fully fill
your lungs, feeling your stomach muscles move as you breathe

•

Be aware of what you notice about your breathing while you are inhaling and exhaling at
your own, unique pace

•

Ask yourself, “What does it feel like when you inhale? Exhale?

•

Direct all of your conscious attention onto your breathing

•

As you breathe, you may notice your attention wander

•

Be aware of what your conscious mind is doing, right now

•

If your mind has wandered to other thoughts, that is okay

•

Accept, without judgment, where your attention is

•

Briefly observe that thought and return your attention back to breathing at your unique
resonant pace

•

Breathing is a constant, slow, natural rhythm that is always with us, although direct attention
is usually not focused on it

•

Appreciate the sensation of your own breathing, being aware of what it feels like as you
inhale and exhale, being aware of the shifts between inhaling and exhaling as they happen

•

Take a few more slow, deep breaths in pace with the sound

•

Slowly begin to expand your awareness outward, being aware of your body, your place in
this room, and when you are ready, open your eyes
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Appendix C4
Control group Instructions
Researcher says:
“I will now begin the 20 minute observation period. First I will attach some sensors that measure
different aspects of your physiology. Let me know if you experience any discomfort as we attach
the sensors. Once they are in place, please sit comfortably upright so you are not tempted to
sleep, and gently close your eyes. In a moment I will play a recording of soothing forest sounds.
Please sit quietly for the full 20 minutes. I will gently let you know when the 20 minutes have
passed.”
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Appendix C5
Mindfulness Meditation Daily Practice Instructions
Please try to practice the skills learned in your training session every day. It is imperative that
you practice these skills in order to receive the greatest benefit.

•

Set aside 10 minutes each day to practice these skills.

•

During these 10 minutes, play the track you are given on the CD and follow the
instructions.

•

You may practice for longer if you would like; however, you must try to practice
for 10 minutes each day. Practicing longer on one day does NOT mean that you
do not need to practice for at least 10 minutes the next day.

•

If you lose the CD or if it becomes damaged, contact the researchers as soon as
possible to receive a replacement.

Please identify a time when you will be able to set aside 10 minutes to practice these
skills each day:______________________________

Identify how you intend to remind yourself to practice at this time every day:
____________________________________________________________________________
______________________________________________________________________________
__________________________________________________________________________

Please make your best effort to practice by listening to the CD for 10 minutes every day.
You will be asked about your ability to practice daily. Please answer honestly; if you encounter
any difficulties while practicing, please contact one of the researchers.

Try to keep this sheet in a location where you will see it often so it may serve as a
reminder to practice these skills daily.
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Appendix C6
Resonant Frequency Breath Training Daily Practice Instructions
Please try to practice the skills learned in your training session every day. It is imperative that
you practice these skills in order to receive the greatest benefit.
•

Set aside 10 minutes each day to practice these skills.

•

During these 10 minutes, use the pace keeping program and set it to your individualized
breath rate.

•

Breathe at this rate for a full 10 minutes each day; you may need to remind yourself
mentally to breathe in time with the sound from the pace keeping program.

•

You may practice for longer if you would like; however, you must try to practice for 10
minutes each day. Practicing longer on one day does NOT mean that you do not need to
practice for at least 10 minutes the next day.

•

If you lose the pace keeping program or it becomes damaged, contact the researchers as
soon as possible to receive a replacement

My individualized breath rate is:________________. This means for every sound, I
switch from inhaling to exhaling or from exhaling to inhaling.
Please identify a time when you will be able to set aside 10 minutes to practice these
skills each day:______________________________ .
Identify how you intend to remind yourself to practice at this time every day:
____________________________________________________________________________
____________________________________________________________________________
Please make your best effort to practice for 10 minutes every day. You will be asked
about your ability to practice daily. Please answer honestly; if you encounter any difficulties
related to practicing, please contact one of the researchers.

Try to keep this sheet in a location where you will see it often so it may serve as a reminder
to practice these skills daily.
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Appendix C7
Combined Mindfulness and Resonant Frequency Daily Practice Instructions
Please try to practice the skills learned in your training session every day. It is imperative that
you practice these skills in order to receive the greatest benefit.
•

Set aside 10 minutes each day to practice these skills.

•

During these 10 minutes, play the track you are given on the CD and follow the instructions
while also setting the pace keeping program to your individualized breathing rate.

•

You may practice for longer if you would like; however, you must try to practice for 10
minutes each day. Practicing longer on one day does NOT mean that you do not need to
practice for at least 10 minutes the next day.

•

If you lose the CD or the pace keeping program, or if either becomes damaged, contact the
researchers as soon as possible to receive a replacement.

My individualized breath rate is:___________________. This means for every sound, I
switch from inhaling to exhaling or from exhaling to inhaling.
Please identify a time when you will be able to set aside 10 minutes to practice these
skills each day:______________________________
Identify how you intend to remind yourself to practice at this time every day:
____________________________________________________________________________
______________________________________________________________________________
__________________________________________________________________________
Please make your best effort to practice by listening to the CD while using the pace
keeping program for 10 minutes every day. You will be asked about your ability to practice
daily. Please answer honestly; if you encounter any difficulties related to practicing, please
contact one of the researchers.

Try to keep this sheet in a location where you will see it often so it may serve as a reminder
to practice these skills daily.
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Appendix C8
Control Daily Practice Instructions
Please try to set aside 10 minutes each day to sit in a quiet, relaxed space. You may listen
to music if you would like; however, please listen only to music that is calming in nature and
does not contain any spoken words or lyrics.
•

Set aside 10 minutes each day to sit in a quiet environment.

•

You may sit in a quiet space for longer if you would like; however, you must try to practice
for 10 minutes each day. Practicing longer on one day does NOT mean that you do not need
to practice for at least 10 minutes the next day.

Please identify a time when you will be able to set aside 10 minutes to practice sit in a
quiet and relaxed space each day:______________________________
Identify how you intend to remind yourself to sit in a quiet environment at this time every
day:
____________________________________________________________________________
______________________________________________________________________________
__________________________________________________________________________
Please make your best effort to spend time in a quiet, relaxed space for 10 minutes every
day. You will be asked about your ability to spend time in this environment daily. Please answer
honestly; if you encounter any difficulties related to this exercise, please contact one of the
researchers.

Try to keep this sheet in a location where you will see it often so it may serve as a reminder
to spend time in a quiet environment daily.
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Appendix C9
Home Practice Form
Date:_____________________________
ID #______________________

Timepoint:

1

2

3

Please report how frequently you practiced at home over the past week. It is important
to be as honest and accurate as possible.
Last training and assessment period date:_______________

Please check each day that you practiced for at least 10 minutes.

_____Day 1 (day after last training)

_____Day 2

_____Day 3

_____Day 4

_____Day 5

_____Day 6

_____Day 7

Did you practice at the same time each day that you practiced? _____ yes ______ no
If yes, at what time did you practice? _______________
Did you ever practice longer than required? ______ yes
If yes, for how long? ________________

_____ no
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Appendix C10
Participant Take Home Practice Form
Date:_____________________________
ID #______________________

Timepoint:

1

2

3

Please report how frequently you practiced at home over the past week. It is important
to be as honest and accurate as possible.
Last training and assessment period date:_______________

Please check each day that you practice for at least 10 minutes.

_____Day 1 (day after last training)

_____Day 2

_____Day 3

_____Day 4

_____Day 5

_____Day 6

_____Day 7

Did you practice at the same time each day that you practiced? _______________
At what time did you practice? __________________________________________
Did you ever practice longer than required? __________
If yes, for how long? _____________________________
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Appendix D1
Physiological Data Record Sheet

Physiological Data
Date:________________________
Participant ID:__________________

Initial Breath Rate:______________

Initial Temperature:_____________

Initial HRV:____________________

Initial Heart Rate:_______________

Ending Breath Rate:_____________

Ending Temperature:____________

Ending HRV:__________________

Ending Heart Rate:_____________

Average Breath Rate:___________

Average Temperature:___________

Average HRV:_________________

Average Heart Rate:____________

Timepoint:

1

2

3
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Appendix D2
Participant Inclusion Criteria Checklist
Please answer the following questions honestly. Some questions may require a brief
follow up with one of the researchers. Any conversation with researchers will not be written or
recorded, and will be used solely to identify your ability to participate and benefit from the study.
Answer the following with a yes or no.
______ I am an ISU student
______ I am between the ages of 18 and 25
______ I was born and raised in the United States
______ I have had personal or cultural experiences with meditation.
(if yes, please explain)________________________________________________________
______ I have had formal training in relaxation strategies.
(if yes, please explain)________________________________________________________
______ I have had breath training experience.
(if yes, please explain)________________________________________________________
_____ I have a health condition that may impact my ability to participate in the study. (any
current, unmanaged physical health concern that impacts temperature, breathing, circulation,
heart rate, or blood pressure)
(if yes, please discuss with a researcher or research assistant.)
_____ I am taking medications that may impact the study (medications that have direct effects or
side effects that you were told may impact or regulate heart rate, pulse, breath rate or body
temperature) either directly or indirectly alter heart rate or blood pressure)
(if yes, please discuss with a researcher or research assistant.)
_____ I believe I have symptoms of a mental health condition.
(if yes, please discuss with a researcher or research assistant.)
_____ I use substances more than twice a week to alter my mood.
(if yes, please discuss with a researcher. Your verbal responses will not be recorded.)
_____ I smoke cigarettes
if yes, how often?_________________________________
Randomization:

C

RF

MM

RFMM

#:___________________________

Participant Demographics
Gender: _____M

_____F

Grade Level:_________

Ethnicity: _____ 0=Caucasian, 1=African American,
2=Hispanic, 3=Asian, 4=More than 1 primary ethnicity
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Appendix D3
Participant Contact Form

**** THIS FORM IS TO BE FILED SEPARATELY FROM ALL OTHER PARTICIPANT
DATA****

ID #:_____________________________

Participant First Name: _____________________________

Contact Phone Number:_________________________

Contact e-mail: _____________________________

Preferred Contact: _____e-mail

_____phone

May we contact to confirm training sessions? _____yes

_____no

Is permission in Informed Consent granted to re-contact this participant to conduct a 15 minute
follow up interview? _____yes

_____no
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Appendix D4
Informed Consent
CO SE T TO PARTICIPATE I RESEARCH
Mindfulness and Resonant Frequency Breath Training on Wellness
You are being asked to participate in a research study conducted by Tim Neary, M.A.,
M.S., and Dr. Kevin Bolinskey from the psychology department at Indiana State University. This
study is being conducted as part of completion of a dissertation. Your participation in this study
is entirely your choice. Please read the information below and ask questions about anything you
do not understand, before deciding whether or not to participate.

Purpose. The present study is intended to explore different methods that may be helpful
in increasing physical and mental well-being. Well-being will be enhanced through the use of
one of three procedures. The control group will not receive any direct training until the end of
data collection.

Procedures. If you volunteer to take part in this study, you will be asked to do the
following things:
You will be asked some brief questions to see if you are able to participate in the study. If
for some reason you do not meet the requirements to participate, you will be informed. If you are
able to take part in the study, you will be placed in one of four training groups: the control group,
mindfulness skills group, breath training group, or a combined mindfulness skills and breath
training group. After being assigned to a training group, you will complete four forms on a
computer. These forms will ask you about your recent distress, awareness, attention, mood and
well-being. Your heart rate, breath rate and temperature will also be measured. These bodily
measurements are safe and should not be uncomfortable. They include an elastic sensor that fits
around your stomach and back, and two finger mounted sensors. To measure bodily stress levels,
samples of saliva will be taken by gently rolling a cotton swab along the inside of your cheek.
All the trainings are brief versions of researched, full length trainings. The combined breath
training and mindfulness training is an experimental training method.
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Each group will be asked to do something different during a 20 minute bodily
measurement period. Individuals in the control group will sit quietly and listen to a recording of
nature sounds. If you are in the mindfulness group you will listen to a recording instructing you
in the basics of mindfulness, a process that helps you focus your thoughts. If you are in the
breath training group, a researcher or research assistant will help you find your own unique
breathing pace, and you will then breathe at that pace for 20 minutes. If you are in the combined
mindfulness and breath training group, you will be assisted in finding your unique breathing pace
and be instructed to breathe at that pace while listening to a recording guiding you through the
basic mindfulness skills. The combined training also lasts 20 minutes. Although you will be
assigned to a training group, your instruction and assessments will be given individually.
You will have to come to the research lab in the psychology department for trainings and
assessments for a total of three times, each one week apart. At each training period, you will
spend approximately 15 to 30 minutes completing the question forms on the computer, and will
spend another 20 to 30 minutes being guided through your training. Overall, each training
session should take between 45 minutes and 1 hour, and the total time you spend across the three
training sessions will likely be 2 hours and 15 minutes to 3 hours. After your initial training, you
will also be asked to practice the training skills every day at home for 10 minutes, until you
complete the third training session at the research lab.
You may be required to have access to a CD player to practice the skills learned in
training at home. You may use a portable CD player, a CD player as part of a stereo system, or a
CD player that is part of your computer. If you do not have access to a CD player, it may be
necessary for you to withdraw from the study. Please talk with the researcher if you may not
have access to a CD player.

Risks. There are no expected risks associated with participating in this study. The current
study is designed to increase your sense of well-being; however, there is a minimal chance that
some individuals may experience some physical or psychological discomfort. Individuals who
have experienced and are distressed by past life-threatening situations may experience stress
when engaging in certain forms of mental relaxation. If you have experienced such an event and
experience distress related to the event, you are advised to not participate in the current study.
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Bodily measurements will be taken in the study, and some individuals may find this
measurement uncomfortable. If you feel stress or discomfort when sensors for bodily
measurements are being used, please inform a researcher so they can be removed. You can
withdraw from the study at any time, for any reason, without penalty.
While the researchers are not physicians, individuals who display having a very low or
high resting heart rate will be informed of their heart rate and that they have the option to be
examined at the Indiana State University Health Center or a physician of their choice. As the
researchers are not physicians, you may choose to not follow a recommendation to seek medical
advice. If you choose to seek medical attention, you will be responsible for costs related to
treatment. The Indiana State University Health Center is located on the first floor of the Student
Services Building, 567 North 5th Street, Terre Haute, IN 47809. You may contact the health
center by phone at (812) 237-3883. Any individual who reports or is observed to experience
unwanted or distressing psychological effects will be referred to the Indiana State University
Counseling Center. The researchers have received graduate training in counseling or clinical
psychology and are able to recognize such symptoms. The Indiana State University Counseling
Center is located on the 3rd floor of the Student Services Building, 567 North 5th Street, Terre
Haute, IN 47809. The phone number for the counseling center is (812) 237-3939. As a student,
you may receive treatment at the counseling center at no cost.

Benefits. You will learn brief, basic skills in either mindfulness, breath training, or both.
If you are placed in the control group, you will be offered a group version of the mindfulness
training after data has been collected. These skills are taught in effort to reduce stress, enhance
well-being, and may increase certain aspects of physical health. While training may have these
benefits, it is possible you may not experience some or all of them. No similar research has
identified a loss of stress management skills, decreased feelings of well-being, or worsened
physical health as a result of participating in training. Other treatments that may aid the
development of similar benefits include progressive muscle relaxation training and deep
breathing techniques. These treatments are available at the ISU Student Counseling Center. The
researcher can provide you with more information regarding these treatments once you are no
longer participating in the study, whether you complete the treatment or if you choose to
withdraw.

180
The current research may identify a more efficient training technique to teach skills that
enhance well-being. Although efficient training of these skills is a goal of research, it is possible
that you may not gain some or all of these skills.

Compensation. After you have completed all of the training sessions of your group, you
will receive $10.00 as a gift card to one of four local stores or restaurants. You will be able to
choose which gift card you would like. As the study includes practicing at home for each week
between trainings, your compensation represents the 15 day commitment. The 15 days begins
with the first assessment and training, the week of home practice, the second assessment and
training, the second week of home practice, and the third assessment and training session. If you
choose to withdraw, your compensation will be prorated. For example, if you choose to
withdraw at the second training session, the midway point of the study, you will receive $5.00 as
a gift card. If you choose to withdraw from the study at other points, you will receive a gift card
that will be pre-loaded with an amount that reflects your length of participation in the study. You
will only be compensated for one week between each of the three training sessions. If you
choose to schedule training sessions further than one week apart, you will not receive additional
compensation for any additional home practice that you complete.

Incentives. If you complete all sessions within four consecutive weeks, you have the
option to enroll in a raffle to win $50.00 in gift certificates to a local restaurant. This incentive is
an encouragement to schedule and attend training sessions in a timely manner. There will be one
prize. Chances of winning are dependent on how many participants complete sessions within 4
consecutive weeks. It is anticipated that the odds of winning will be approximately 1 in 76. The
winner will be randomly selected, and will be notified after all data has been collected, which is
anticipated to be no later than May 31st, 2012.

Participation and withdrawal. You can choose whether or not to be in this study. If you
volunteer to be in this study, you may withdraw at any time without any penalties or loss of
benefits to which you are otherwise entitled. You may also refuse to answer any questions you
do not want to answer. Should you choose to withdraw before completion of the study, your
records will be destroyed.
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Confidentiality. Any information that is obtained in connection with this study and that
can be identified with you will remain confidential and will be disclosed only with your
permission or as required by law. Participants will be asked to report some identifying
information, including first name and initials, telephone number, and e-mail address. This
information will be kept separate from study data, and will only be used to schedule
appointments and make reminder calls for training appointments. All other information obtained
by participants will be identified by code number and will be kept separate from identifying
information. The list connecting your name with your code number will be destroyed once all
data has been collected. Personal information and research data will be kept confidential, either
saved on a secure computer or in a locked file. Computer and files are kept inside a locked room.
Study materials will only be able to be accessed by the researcher, the faculty sponsor, and
graduate level research assistants.

Identification of Investigators. This research is being conducted by Tim Neary, M.A.,
M.S., the principal investigator, under the supervision of Dr. Kevin Bolinskey, faculty sponsor.
Any questions regarding this research may be directed to either Mr. Neary at
tneary@indstate.edu, or Dr. Bolinskey at Kevin.Bolinskey@indstate.edu.
Results will be made available after the study has concluded. Any participant interested
in obtaining a copy of the results may contact Tim Neary, M.A., M.S. at tneary@indstate.edu.

Participant Rights. If you have any questions about your rights as a research subject, or
if you feel you have been placed at risk, you may contact the Indiana State University
Institutional Review Board (IRB) by mail at Indiana State University, Office of Sponsored
Programs, Terre Haute, IN 47809, by phone at (812) 237-8217, or e-mail the IRB at
irb@indstate.edu. You will be given the opportunity to discuss any questions about your rights as
a research subject with a member of the IRB. The IRB is an independent committee composed of
members of the University community, as well as lay members of the community not connected
with ISU. The IRB has reviewed and approved this study.
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The nature and purpose of this research have been sufficiently explained to me and I
agree to participate in this study. My questions have been answered to my satisfaction. I
understand that I am free to withdraw at any time without incurring any penalty. I have been
given a copy of this form.

Signature:______________________________________ Date:___________________

First Name (printed):_____________________________________

Based on the outcomes of the research, it may be beneficial for the researchers to follow
up with participants approximately one month after completion of the study. During this
assessment, you will receive a message with your study ID number from the study and a link to
the online survey questions. You will be asked to enter your study ID number, and answer
questions from three of the same forms you completed during the study. These questions will ask
you about distress, level of awareness, and mood that you experienced in the past week.
I allow the researchers to contact me at the phone or e-mail address I have provided in
order to complete a brief, 15 minute follow-up assessment after I have completed the training
sessions. I am aware I am volunteering to be contacted, and I will not be receiving any additional
training or compensation.

Signature:________________________________________Date:__________________

First Name (printed):___________________________________

