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Mindfulness, an attentive non-judgmental awareness and focus on present moment experiences 

(Kabat-Zinn, 1994), can be used to refer to a particular type of meditation practice, a state 

achieved during meditation practice (alternately referred to here as a mindful state, or states of 

mindfulness), or an enduring and stable personality trait. While mindfulness is often viewed as a 

type of skill one can develop and cultivate during meditation practice, untrained individuals can 

vary in trait mindfulness. Trait mindfulness refers to one’s predisposition toward present-

moment attention and awareness in everyday life (Baer et al., 2006) and can change with 

experience and practice (e.g., Nyklicek et al., 2013; Shapiro et al., 2011). One's predisposition to 

be mindful in everyday life can be increased by evoking mindful states consistently (e.g., 

Davidson, 2010), and psychological health benefits are thought to result from increased trait 

mindfulness due to mindfulness meditation practice (Kiken et al., 2015). High trait mindfulness 

is associated with an increased ability to release negative thoughts (e.g., Frewen et al., 2008) and 

more effective and flexible emotion regulation (e.g., Roemer et al., 2015). While improved 

emotion regulation is generally associated with higher levels of trait mindfulness, research has 
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been inconclusive regarding the relationship between mindfulness and emotional reactivity in the 

face of a negatively-valenced stressor, especially in non-meditators. The overarching purpose of 

the studies presented here is to ascertain the behavioral and brain bases of these emotion-mood 

relationships across 3 separate studies. In the first two studies, I examined the relationships 

between trait mindfulness and negatively-valenced emotional reactivity following a negative 

mood induction in non-meditators (Himes et al., 2021). The underlying mechanisms of this 

emotional self-regulation and flexibility cannot be understood by behavioral examination alone, 

and neuroimaging literature reveals that there are structural and functional brain differences 

between meditators and non-meditators in regions associated with emotional and self-regulatory 

processing. It remains unclear whether these differences are solely due to training effects brought 

on by meditation practices or to trait effects that might be present in non-meditators based on 

their intrinsic level of mindfulness. By examining functional and structural brain differences in 

individuals with varying levels of trait mindfulness, a greater understanding of how trait 

mindfulness impacts emotion processing, and its brain bases, can be gained. To address this 

question, I examined whether, in a sample of non-meditators, individual differences in trait 

mindfulness are associated with structural and functional differences in brain regions associated 

with emotional, self-referential, and self-regulatory processing. 
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CHAPTER 1 

INTRODUCTION 

Mindfulness refers to the quality of actively and non-judgmentally centering ones’ attention on 

present-moment physical and mental states with an orientation toward curiosity and acceptance 

of objects, thoughts, and sensations in awareness (Kabat-Zinn, 1994). Mindfulness meditation 

practices have been increasingly utilized in interventions aimed at improving affective and 

cognitive well-being by eliciting the quality of mindfulness in both healthy and clinical 

populations (see Goldberg et al., 2018). The term ‘mindfulness’ includes many similar, but 

distinct, constructs such as awareness, concentration, and observation. The use of the term 

‘mindfulness’ has varied considerably in literature but is consistently measured as a multi-

faceted construct that can be conceptualized as a state achieved during mindfulness meditation 

practice. It has also been conceptualized as a trait that refers to one’s predisposition to be 

mindful in daily life, even in the absence of practicing mindfulness meditation (Baer et al., 

2006), and individuals vary naturally in this trait. In the absence of mindfulness meditation or 

other mindfulness-related practices, trait mindfulness is stable over time (Brown & Ryan, 2003). 

Theories of mindfulness indicate that one can increase their tendency to be mindful in everyday 

life by evoking states of mindfulness repeatedly and consistently (e.g., Davidson, 2010). Indeed, 

benefits to psychological health are thought to result from increased trait mindfulness due to 

mindfulness meditation practice (Kiken et al., 2015).  

Note: Material from Himes et al., 2021 
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Assessing Mindfulness in the Laboratory 

To measure trait mindfulness in the laboratory, the most commonly used instrument is the 

Five Facet Mindfulness Questionnaire (FFMQ; Baer et al., 2006). The FFMQ is considered the 

most comprehensive measure of mindfulness (Sauer et al., 2013). This 39-item instrument 

assesses levels of trait mindfulness across 5 unidimensional constructs: Observing, Describing, 

Acting with Awareness, Non-judging of inner experience, and Non-reactivity. These 5 

unidimensional constructs were derived from 5 independently developed mindfulness 

questionnaires (Kentucky Inventory of Mindfulness Skills, Baer et al., 2004; Freiburg 

Mindfulness Inventory, Walach et al., 2001; Mindful Attention Awareness Scale, Brown & 

Ryan, 2003; The Mindfulness Questionnaire, Chadwick et al., 2005; Cognitive and Affective 

Mindfulness Scale, Feldman et al., 2007). The Observing facet of the FFMQ refers to the ability 

to notice or attend to internal and external experiences (example items include “When I’m 

walking, I deliberately notice the sensations of my body moving” and “I pay attention to sounds, 

such as clocks ticking, birds chirping, or cars passing”). The Describing facet refers to the ability 

to label internal experiences with words (example items include “Even when I’m feeling terribly 

upset, I can find a way to put it into words” and “I can easily put my beliefs, opinions, and 

expectations into words”). Acting with Awareness refers to the ability to attend to one’s 

activities in the present moment (example items include “I don’t pay attention to what I’m doing 

because I’m daydreaming, worrying, or otherwise distracted” and “It seems I am ‘running on 

automatic’ without much awareness of what I’m doing”). Non-reactivity refers to the tendency to 

allow feelings and thoughts to come and go without getting carried away by them (example 

items include “I perceive my feelings and emotions without having to react to them” and “When 
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I have distressing thoughts or images, I ‘step back’ and am aware of the thought or image 

without getting taken over by it”). Lastly, Non-judging refers to the act of taking a non-

evaluative stance towards thoughts and feelings (example items include “I believe some of my 

thoughts are abnormal or bad and I shouldn’t think that way” and “When I have distressing 

thoughts or images, I judge myself as good or bad, depending on what the thought/image is 

about”). FFMQ items are rated on a Likert-type scale ranging from 1 (never or very rarely true) 

to 5 (very often or always true) based on the participant’s opinion of what is generally true for 

her/him.  

The FFMQ displays internal consistency and between-factor correlations in meditating 

samples. Previous research has predominately been conducted under the assumption that overall 

mindfulness is characterized by multifaceted, interacting factors commonly modeled as a 

combination of the five distinct aspects of mindfulness measured in the FFMQ. However, many 

studies suggest that not all of the individual FFMQ facets represent the same underlying 

construct in non-meditators and meditators (Baer et al., 2008). As such, it is not always 

appropriate to operationalize overall trait mindfulness as a unitary construct across different 

samples with varying levels of meditation experience. In particular, the Observing facet is 

thought to operate differently in samples with and without prior meditation experience. Baer et 

al. (2006) found that a 5-factor structure of overall mindfulness (including the Observing facet) 

had the best fit in a sample of experienced meditators, whereas in a sample of non-meditators the 

4-factor structure of overall mindfulness (excluding the Observing facet) had the best fit. The 

Observing facet often exhibits inverse relationships with the other four facets (most frequently 

the Non-judging facet; Baer et al., 2006) and predicts more intense self-reported affect in non-
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meditating samples (e.g., Baer et al., 2006; Deng et al., 2011; Leigh & Neighbors, 2009). These 

results suggest that the relationship between higher Observing facet scores and psychological 

symptoms varies among populations depending on their level of meditation experience (Baer et 

al., 2008). For these reasons, the Observing facet is often omitted when estimating overall trait 

mindfulness (Baer et al., 2006).  

Owing to its sample dependent contribution to an overall mindfulness construct (Baer et 

al., 2006), previous research has investigated the constructs that might underlie the Observing 

facet in non-meditating samples (Rudkin et al., 2018). Rudkin et al. (2018) examined the 

Observing facet with other mindfulness measures and psychological symptoms. Based on 

exploratory factor analysis, they identified three main components underlying the Observing 

facet: (1) observation of physical sensations in the body, (2) perception of external stimuli, and 

(3) emotional awareness. Emotional awareness was the only component negatively related to 

psychological symptoms. However, none of the Observing facet items on the FFMQ directly 

assess emotional awareness, suggesting that the Observing facet does not adequately capture the 

construct that is central to mindfulness (Rudkin et al., 2018). Another potential explanation for 

the discrepant performance of the Observe facet compared to other facets could be due to the 

phrasing of Observing facet queries on the FFMQ. Observing facet items are phrased in a way 

that, depending on the respondent’s interpretation, might be closer to a measure of analytical 

self-focus, or rumination. A meditating sample might interpret the observing items in a way that 

appropriately measures the intended underlying construct of mindful observation (i.e., open, non-

judgmental and non-reactive observation of physical sensations and internal emotions), however, 

non-meditators may be less likely to interpret and associate observing with such mindful 



 

5 

qualities of attention (Eisenlohr-Moul et al., 2012; Van Dam et al., 2018), resulting in a measure 

closer to self-critical, ruminative self-focus (Lilja et al., 2013). Thus, in a non-meditating sample, 

the Observing facet might reflect more reactive forms of observation, such as rumination and 

other manifestations of maladaptive self-focused attention (e.g., Eisenlohr-Moul et al., 2012). 

The unreliability of the Observing facet when indexing mindful observation in non-

meditators is a common finding in previous literature. Similarly, studies examining the 

Describing facet have found conflicting results in non-meditators, although this finding is not as 

common as the Observing facet findings. Some studies have found the Describing facet to 

exhibit inconsistent relationships with other facets and psychological symptoms (e.g., de Bruin et 

al., 2012). In particular, one study investigated individual differences in FFMQ facets in a non-

meditating, college-age sample with a subset of the sample exhibiting clinically significant 

borderline personality disorder features (Peters et al., 2013). Peters et al. (2013) found that the 

Describing and Observing facets were the only facets that were not predictive of affective 

instability, negative relationships, identity disturbances, self-harming tendencies, anger-related 

rumination, and the tendency to give in to strong impulses in the presence of negative emotions. 

Additionally, research investigating individual mindfulness facets and distress variables (e.g., 

depression, anxiety, stress, and distress) found differing relationships between the Observing and 

Describing facets and distress variables between different populations (Medvedev et al., 2018). 

These researchers suggested that previous findings regarding the relationships between the 

Observing and Describing facets with other psychological variables may not be generalizable 

across all populations with varying levels of meditation experience. A possible explanation for 

the difference between these two mindfulness facets and the others could involve the "what" 
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versus “how" distinction (e.g., Baer et al., 2008). This distinction suggests that it is not only what 

the internal experiences are that the person observes, but how the person observes and accurately 

describes those internal experiences.  Delaying reaction to the thoughts and feelings one is 

observing allows the opportunity to internally engage in more accurate, non-judgmental 

assessment and description of the emotional experience, resulting in more behaviorally adaptive 

responses. Thus, while the tendency to observe and describe is generally considered beneficial, it 

may be maladaptive for individuals that lack the ability to approach their internal experiences in 

a non-reactive and non-judgmental manner (Desrosiers et al., 2014). Previous inconsistencies 

between FFMQ facets leaves it uncertain which facets best index an overall mindfulness 

construct. Thus, I used confirmatory factor analysis to examine relationships between the facets 

and an overall mindfulness trait in non-meditating samples.  

Mindful Emotion Regulation 

Mindfulness-based training programs are increasingly implemented in western 

psychotherapy (Hofmann et al., 2010) and have shown beneficial effects on well-being in 

general, as well as on symptoms in clinical populations (see Goldberg et al., 2018; Hofmann et 

al., 2010). Theoretical models have been proposed to explain the beneficial effects of 

mindfulness on health (e.g., see Farb et al,. 2012 and Teper et al., 2013). One such model is the 

mindfulness stress-buffering model (Creswell & Lindsay, 2014). This model asserts that 

mindfulness acts as a buffer that reduces stress intensity and, in addition, reduces reactive 

responses to stress. In this model, mindfulness practice might lessen the negative impact of 

stressors by promoting an enhanced, non-judgmental, and curious awareness in the present 

moment. This mindful awareness results in less focus and over-involvement in the past or future, 
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changing the way an individual relates to their own internal experiences, leading to a direct 

reduction in the intensity of emotional responses to stress and more effective emotion regulation 

(see Roemer et al., 2015). Emotion regulation refers to the processes by which emotion is 

modulated so as to control when emotions are experienced, what emotions are experienced, how 

they are experienced, and how those emotions are expressed (Gross, 1998b). Emotion regulation 

can be accomplished by employing different strategies. These strategies can be broadly 

categorized as either “antecedent-focused” or “response-focused” (Gross, 1998a). These 

distinctions refer to the point along the emotional response timeline that the strategy is employed 

(e.g., antecedent-focused strategies are employed before the emotion response has become fully 

activated, while response-focused strategies refer to the regulation of the emotional response 

once the emotion response is already underway). Although both emotion regulation strategies are 

effective at reducing emotional expression, antecedent-focused strategies (i.e., reappraisal) are 

better at reducing the experience of emotion, while response-focused strategies (i.e., suppression) 

induce physiological changes and do not result in reductions in the subjective experience of 

negative emotion (Gross, 1998b). While standard emotion regulation strategies involve 

reappraising events in a more positive context or by suppressing the emotional response (Gross, 

2002), mindful emotion regulation is thought to arise by a different mechanism. Farb et al. 

(2012) explicate this theory of mindful emotion regulation as two processes that are distinct from 

standard antecedent- and response-focused emotion regulation strategies but fundamentally 

characteristic of mindfulness: 1) Paying attention to present-moment sensation and 2) not 

judging the experience as intrinsically good or bad. Mindfulness encourages an open attitude 

towards emotional experience, allowing the individual to consciously attend to the emotional 
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experience in a less biased manner (i.e., non-judgmentally) and to view emotions as transient 

mental events, as opposed to reflections of reality (Hargus et al., 2010). By approaching stressors 

in a mindful way, the enhanced non-judgmental attention and expanded non-reactive awareness 

regarding a situation and one’s own present-moment experience might permit an improved 

ability to detect if, when, and how an emotion needs to be modulated. Further, approaching a 

stressor with an open and nonjudgmental stance might alter the way an individual relates the 

stressor to their own internal experiences, which may impact the emotional response (Roemer et 

al., 2015). As such, mindfulness is thought to be closer to an antecedent-focused type of emotion 

regulation than a response-focused type because mindful emotion regulation involves changes to 

a person’s relationship with their emotions rather than changes to the emotional response itself 

(see Teper et al., 2013). 

Research by Britton et al. (2012) supports this theory of reduced emotional reactivity in 

response to social stress after undergoing 8-weeks of Mindfulness-Based Cognitive Therapy, 

suggesting mindfulness training is associated with reduced emotional reactivity in response to a 

negatively valenced stressor (Trier Social Stress Test; Kirschbaum et al., 1993). Similarly, other 

studies have found that high trait mindfulness is associated with an increased ability to release 

negative thoughts (e.g., Frewen et al., 2008). However, other studies suggest the opposite effect. 

For example, Beshai et al. (2017) examined the relationship between emotional flexibility and 

trait mindfulness and found that trait mindfulness was positively associated with mood drops 

after a negative mood induction procedure (viewing negatively-valenced emotional images while 

listening to sad music), suggesting higher levels of trait mindfulness are associated with 

increased emotional reactivity following exposure to negative stimuli. The discrepancy between 
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these findings highlights the need for further investigation into the relationship between 

mindfulness and emotional reactivity in response to a negatively valenced stressor. 

Neuroimaging techniques have been brought to bear to assess the brain basis of individual 

differences in trait mindfulness and its effects on emotional reactivity. By examining functional 

and structural brain differences in individuals with varying levels of trait mindfulness, a greater 

understanding of how mindfulness impacts emotion processing, and how trait mindfulness is 

neurally expressed, can be gained. Such an understanding could provide empirical support for 

the therapeutic application of mindfulness-based practices in clinical populations that suffer from 

emotional disturbances associated with high emotional reactivity. 

Structural and Functional Brain Changes 

Interventions and practices designed to increase states of mindfulness result in increases in 

trait mindfulness, resulting in benefits to psychological health (Kiken et al., 2015). Repeated 

engagement of mindful states is thought to involve neural structures and networks that promote 

the mindful state. Recurring recruitment of these neural processes is thought to promote greater 

trait mindfulness through processes of neuroplasticity (Garland et al., 2010). That is, repeated 

experience and practice entrain neural processes leading to the habitual expression of mindful 

behavior (see Falcone & Jerram, 2018). Thus, known psychological health benefits of mindfulness 

(Brown & Ryan, 2003; Grossman et al., 2004; Jha et al., 2007; Jha et al., 2010; Khoury et al., 

2015; Segal et al., 2002) are thought to be due to structural and functional changes in regions of 

the brain subserving the neurocognitive processes linked with mindfulness, specifically, regions 

involved in processing emotional and self-relevant information (Boccia et al., 2015). These brain 

regions are often considered to be part of, or functionally related to, the default mode network 
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(DMN; Biswal et al., 1995; Fox & Raichle, 2007; Fransson, 2005). 

 
 
 

 
Figure 1. Images commonly regarded as part of the default mode network. DPFC (dorsal 
prefrontal cortex), PPC (posterior parietal cortex),VLPFC (ventrolateral prefrontal cortex), Rsp 
(retrosplenial cortex), MTG (middle temporal gyrus), PCC (posterior cingulate cortex), C 
(caudate), DPFC (dorsal prefrontal cortex), AMPFC (antero-median prefrontal cortex), VMPFC 
(ventro-median prefrontal cortex), TP (temporal pole), BF (basal forebrain), T (thalamus), PH 
(parahippocampal region), CbH (cerebellar hemisphere), CbT (cerebellar tonsil), Amy 
(amygdala), MidB (midbrain). Image reproduced from Alves et al. (2019). 
 

Regions considered to be within the DMN (primary nodes include: medial prefrontal cortex 

[PFC], posterior cingulate cortex, precuneus, and angular gyrus; See Figure 1) are spatially remote 

but considered to be part of a network because they exhibit synchronized, low frequency 

oscillations in the blood-oxygen-level dependent (BOLD) signal, referred to as functional 

connectivity, during internally directed mentation (Biswal et al., 1995; Fox & Raichle, 2007; 

Fransson, 2005). Because the BOLD signal (i.e., neural activity) exhibited by these regions are 

synchronized during specific mental processes and states, they come to operate as a coherent 
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network (Hebb, 1949). As such, these regions are termed the “default mode network” because the 

regions exhibit increased BOLD signal in the absence of a cognitive task (i.e., during resting-state, 

the “default” state) due to general mind wandering related to self-relevant processes (Gusnard et 

al., 2001; Raichle et al., 2001). These regions are also thought to be involved in a diverse set of 

functions including social evaluations (see Andrews-Hanna & Grilli, 2021), moral reasoning (e.g., 

Van Overwalle, 2011), aspects of episodic memory retrieval (Daselaar et al., 2009), interpreting 

emotions of others (e.g., Ochsner et al., 2004), and story comprehension (e.g., Simony et al., 2016). 

These regions typically exhibit decreased BOLD signal during goal-directed behavior that is not 

self-referential in nature (Sheline et al., 2009). Thus, this network and its constituent regions are 

commonly considered to be related to self-referential and internally directed thought. While it is 

important to note that brain regions support for far more than one function and there is considerable 

overlap in regions involved in specific functions, more than a decade of scientific investigations 

of resting-state functional dynamics have provided evidence that regions of this network are 

reliably activated when attention is directed inwards (Buckner et al., 2008).  

Studies examining the behavioral effects of mindfulness on processing emotional stimuli 

have suggested that mindfulness promotes emotional self-regulation by reducing emotional 

reactivity and interference (e.g., Arch & Craske, 2006; Ortner et al., 2007; Taylor et al., 2011). 

The most effective and flexible approach to emotional control involves the cognitive control of 

emotion (McRae & Gross, 2007) and, indeed, mindfulness is thought to improve cognitive-

attentional control processes and emotional experience (Carmody & Baer, 2008; Davidson et al., 

2003; Jha et al., 2010; Ortner et al., 2007). However, the underlying mechanisms of this enhanced 

emotional self-regulation and emotional flexibility cannot be understood by behavioral 



 

12 

examination alone. Cognitive emotion regulation and emotional processing studies have 

investigated the impact of mindfulness-based practices on the functional dynamics of DMN 

regions using various emotional tasks that stress the process of self-regulation and emotional 

flexibility. Emotional tasks such as affect labeling (Creswell et al., 2007; participants were asked 

to choose the appropriate affect label for emotionally expressive images of faces), affective 

interference tasks (e.g., modified emotional Stroop task; Allen et al., 2012; participants performed 

the number counting Stroop task with interleaved emotionally charged images), introspective self-

referential processing tasks (Farb et al., 2007; reading and processing emotionally charged 

descriptive words), attentional tasks with distracting affective stimuli (e.g., Brefczynski-Lewis et 

al., 2007; participants were asked to maintain attention on a visual dot while distracting, 

emotionally charged audio clips were played), emotional imagery tasks (Frewen et al., 2010; 

participants listened to emotionally charged vignettes while visually imagining the interaction with 

a focused, inward attention on reactions), and sadness provocation (Farb et al., 2010; participants 

view emotional film clips) have been utilized to investigate the link between functional 

involvement of DMN regions, mindfulness, and cognitive emotional processes. DMN regions are 

consistently involved in cognitive emotional processes related to the self, making this network a 

prime target for examining the neurofunctional mechanisms underlying mindfulness-related 

emotional and self-relevant processing.  

Further, a growing body of evidence supports the idea of pathology-related alterations in 

the DMN, both structurally and functionally (see Greicius, 2008 for review). As such, there is 

strong evidence for associations between DMN-related abnormalities and psychological 

symptoms such as feelings of hopelessness (Grimm et al., 2008), mind wandering (Mason et al., 
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2007), anxiety (Zhao et al., 2007), and depressive rumination (Fox & Greicius,2010; Greicius, 

2008; Sheline et al., 2009). Because of the involvement, and potentially the perpetuation, of these 

neurocognitive processes and states that could be considered at variance with the practice and 

behavioral expression of mindfulness, a growing number of neuroimaging studies have 

investigated the anatomical and functional alteration of this network in the process of meditation 

and mindfulness-based practices (see Simon & Engström, 2015).  

Structural Changes 

Research from morphometric neuroimaging studies suggest that structural changes occur 

in individuals who practice mindfulness (see Fox et al., 2014) in numerous regions including the 

anterior and posterior cingulate cortex, precuneus, hippocampus, amygdala, insular cortex, and 

medial PFC (e.g., Hölzel et al., 2007; Hölzel et al., 2010; Hölzel et al., 2011; Lazar et al., 2005; 

Luders et al., 2009; Luders et al., 2013; Tang et al., 2010). These brain regions are associated with 

processing emotion and self-relevant information (see also Boccia et al., 2015), including self-

awareness and self-regulation related to general mind-wandering, and many of these regions are 

part of, or closely associated with, the DMN (Mason et al., 2007; Raichle et al., 2001; Vago & 

Silbersweig, 2012). For instance, the insula, which is associated with emotional self-awareness 

and interoception, exhibits increased gray matter concentration (Hölzel et al., 2008), cortical 

gyrification (Luders et al., 2012), and cortical thickness (Lazar et al., 2005) in experienced 

meditators compared to non-meditators. These results are thought to reflect the enhanced attention 

to internal signals that is emphasized in meditation practice. This enhanced attunement to ones’ 

internal states, potentially mediated by structural changes in the insula, may play a role in the 

emotional benefits seen to result from meditation practice (see Fox et al., 2014).  
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The cingulate cortex, believed to be critically important for the general process of self-

regulation (Posner et al., 2007), exhibits increased cortical thickness (Grant et al., 2010) and gray 

matter concentration (Hölzel et al., 2011) in experienced meditators compared to non-meditators. 

These structural differences are thought to develop from the increased emphasis placed on the 

process of self-regulation during meditation, which may give rise to improvements in self-

regulatory functions and more adaptive behavioral responses (see Fox et al., 2014).  

Regions in the medial PFC are hypothesized to be involved in various aspects of 

metacognition and introspection (Christoff & Gabrieli, 2000) and believed to modulate activity in 

regions involved in emotional and self-related processing. Medial PFC regions exhibit greater gray 

matter volume in experienced meditators compared to non-meditators (Luders et al., 2009) and 

gray matter concentration is associated with meditation experience (Hölzel et al., 2008). Because 

meditation is thought to engage and train metacognitive awareness and enhance introspective 

accuracy (Fox et al., 2012), these structural findings are consistent with the idea that meditation 

allows more accurate insight into one's own internal experience. While numerous studies have 

reported clear structural differences in experienced meditators and non-meditators, many questions 

remain to be answered before associations between meditation practice, and trait mindfulness, and 

brain structure can be established. 

Functional Changes 

At a broad level, imaging studies can be divided into three lines of investigation with 

respect to functional alterations as it relates to the practice of meditation (See Figure 2). For the 

sake of clarity, use of the term "meditation" in the present context will refer to mindfulness-based 

meditation practices and may be used interchangeably with "mindfulness practice." The first line 



 

15 

of investigation involves the functional correlates of meditation and is assessed while an individual 

undergoes fMRI scanning while engaging in a meditative-related practice and can be studied both 

cross-sectionally or longitudinally (See Figure 2A). The functional correlates of meditation can be 

assessed cross-sectionally between meditators and non-meditators while they engage in 

mindfulness-related practices while undergoing scanning to examine the difference between 

groups, or these functional correlates can be assessed longitudinally to examine how the functional 

dynamics during mediation practice change with extended meditation training over time. The 

second line of investigation involves neurofunctional changes that occur as a result of meditation-

related practices, or training, and are assessed during resting-state (See Figure 2B). These 

neurofunctional changes can be examined in cross-sectional designs between groups of non-

meditators and experienced meditators or in longitudinal designs to examine how resting-state 

networks change because of training. The last line of investigation examines the impact of 

mindfulness-based practices on the functional dynamics of DMN regions using various emotional 

tasks that stress the process of self-regulation and emotional flexibility (See Figure 2C). Similar to 

the first two lines of investigation, these functional dynamics have been examined in cross-

sectional designs between groups of non-meditators and experienced meditators or in longitudinal 

designs to examine how these functional dynamics during the emotional cognitive task change as 

a result of training.  

Accumulating evidence from the three lines of investigation supports the idea that 

meditation experience and practice results in altered DMN function, as well as other associated 

regions implicated in self-regulatory functioning. The nature of these functional alterations, 

however, are not yet well understood (Boccia et a., 2015; Tang et al., 2015). 
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Neural Activity During Meditation  

Neuroimaging studies that have taken the first line of inquiry, namely, examining neural 

activity while an individual is engaged in mindfulness-related practices, have aimed to elucidate 

how the state influences the brain in order to better understand its effects on behavior (See Figure 

2A). Studies that have investigated these neural correlates of meditation-related functional 

alterations using the first line of inquiry have reported discrepant results. To wit, several studies 

have reported greater functional connectivity within areas of the DMN while engaging in 

meditation-related practices (e.g., Ives-Deliperi et al., 2011; Jang et al., 2011; Xu et al., 2014), 

whereas other studies report meditation-induced reductions in connectivity while engaging in 

meditation (e.g., Farb et al., 2007; Ives-Deliperi et al., 2011). In cross-sectional studies that involve 

comparisons of experienced versus novice meditators, decreased involvement of DMN regions 

have been reported in experienced meditators compared to novices. This result could reflect a 

general reduction in internally directed thought during the practice of meditation itself (Brewer et 

al., 2011). The discrepancy in these results could be related to meditation experience effects that 

are not functionally expressed at the neural level until one reaches advanced stages of meditation 

practice. Alternatively, findings of increases in connectivity in the DMN could be due to variations 

in the mental processes required during different meditation techniques and approaches of 

mindfulness-based practices, such as "open monitoring," wherein the focus of attention is the 

monitoring of awareness itself (Lutz et al., 2008), or "focused attention," wherein attention is 

placed on a specific object or event (Lutz et al., 2008). DMN increases while engaging in 

meditation could reflect increased mind wandering resulting from a relaxed focus of attention, 

allowing for spontaneous internal mentation that is characteristic of certain types of meditative 
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practices (Xu et al., 2014). Although decreases in mind wandering and internal mentation is 

generally regarded as a beneficial effect and the goal of many meditation techniques, it has been 

suggested that by allowing the spontaneous internal flow of thoughts, sensations, and emotions, 

over time this might reduce distress by increasing the awareness and acceptance of emotional 

experiences in general (e.g., Davidson, 2010; Lutz et al., 2008). As such, DMN engagement as it 

relates to general mind wandering might promote adaptive introspection and improved emotional 

responding (e.g., Ottaviani et al., 2013; Xu et al., 2014).  

Neural Activity During Resting-State 

 Studies that have taken the second line of inquiry, namely, examining neurofunctional 

changes during resting-state that occur as a result of meditation-related practices, or training, 

have similarly found inconsistent results (See Figure 2B). Many studies support the idea that 

DMN regions exhibit reduced involvement and cohesion when the mind is not actively involved 

in a cognitive, goal-directed task (i.e., during resting-state) in experienced meditators compared 

to that of non-meditators (see Boccia et al., 2015 for review; e.g., Taylor et al., 2013). However, 

other studies have found that some DMN areas exhibit greater connectivity during resting-state 

in meditators (also see Taylor et al., 2013) compared to non-meditators, as well as in novice 

meditators after mindfulness training (Wells et al., 2013). These findings suggest that the 

functional dynamics of this network extend beyond the state effects present during mindfulness-

related practices and expose a knowledge gap regarding the functional differences associated 

with trait mindfulness in those without any experience in mindfulness-based practices, that might 

permit a clearer picture of how mindfulness-based practices alter functional dynamics. 
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Figure 2. Previous research examining functional alterations as it relates to meditation have mainly 
used three broad approaches.  In the first (A), neural phenomena are observed while an individual 
practices meditation in the scanner. In the second (B), resting-state activity is compared between 
more compared to less experienced meditators, or assessed before and after training. In the third 
(C), meditation-related neural activity is examined during various cognitive emotional tasks. 
 
Prefrontal Involvement 

 Although the medial PFC is considered a central node of the DMN, the activity of PFC is 

not always consistently associated with other DMN regions, depending on the level of meditation 

experience (see Tang et al., 2015). Meditation-experience-dependent findings of DMN 

engagement during both mindfulness related-practices and resting-state is often accompanied by 

altered PFC involvement (Jang et al., 2011; Tang et al., 2009), specifically in medial PFC regions, 
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and suggest voluntary regulation of the flow of spontaneous thought (Berkovich-Ohana et al., 

2012). Medial PFC areas are known to inhibit activity in regions involved in emotional and self-

related processing in a top-down, effortful manner (Ochsner et al., 2002). As improved attentional 

control is likely to result from repeated practice (Malinowski, 2013), the extent of PFC 

involvement, as well as that of other regions involved in attentional control and self-regulation, 

might decline as one becomes more adept at regulating their spontaneous flow of internal thought.  

 As attentional control and aspects of self-regulation are principle to the practice of 

meditation (Brown & Ryan, 2003), it is reasonable to expect that one’s experience with meditation 

and mindfulness-based practices might be related to the extent of PFC engagement during these 

specific cognitive states (Farb et al., 2007). Research has suggested that, at novice and early stages 

of meditation practice, there is an increased effort (reflected by enhanced PFC involvement) to 

regulate attention during various states (see Tang et al., 2015 for review) and to inhibit internal 

mentation such as analytic self-referential processing. Whereas at advanced stages of meditation 

practice, the amount of effort needed to sustain attention and attenuate internal mentation is 

reduced due to training effects, reflected by attenuated PFC involvement (Farb et al., 2007; Grant 

et al., 2011; see Tang et al., 2015 for review). These findings suggest that the functional expression 

of meditation experience does not follow a linear dose-response curve (Brefczynski-Lewis et al., 

2007).  

Neural Activity During Emotional Tasks 

The above sections provided an overview on the first two broad lines of investigation 

regarding meditation and neural activity, namely, the functional dynamics during meditation-

related practice (i.e., during states of mindfulness; first line of investigation) and during resting-
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state (second line of investigation). The findings summarized above, however, are somewhat 

mixed and do not permit a clear understanding on the link between trait mindfulness and the 

functional dynamics of cognitive emotional processes. To gain a better understanding of the 

functional expression of trait mindfulness (with or without previous mediation experience) apart 

from states of mindfulness (when engaged in meditative-related practices) or during resting-state, 

neuroimaging studies have utilized various emotional cognitive tasks. This third line in inquiry 

(See Figure 2C) aims to investigate the relationships between functional involvement of DMN-

related regions, mindfulness, and cognitive emotional processes.  

During emotional cognitive tasks, PFC regions involved in the process of self-regulation 

and DMN regions involved in emotional and self-relevant processing exhibit altered involvement 

commensurate with meditation experience (see Boccia et al., 2015). Similar to the dynamics 

discussed above in resting-state and meditative states, the functional dynamics during emotional 

cognitive tasks appear to follow an inverted u-shaped function (See Figure 3), in which non-

meditators exhibit less activation than meditators with moderate amounts of experience, but those 

with the most amount of meditation experience exhibit the least amount of activation (Brefczynski-

Lewis et al., 2007). As mindfulness is related to increased emotional awareness and enhanced 

interoception (e.g., Lutz et al., 2008), these findings suggest an enhanced recruitment of PFC areas 

to modulate the increased involvement of emotional regions brought on by an emotional task 

(Creswell et al., 2007). It might be that less effort is required to remain on task in the presence of 

emotional material in those at advanced stages of meditation practice. Greater emotional and 

cognitive awareness of affective states by experienced meditators (Lutz et al., 2008) might improve 

neural affect regulation and emotional flexibility via enhancements in neural affect regulation 
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pathways (e.g., Allen et al., 2012). Although, similar to the resting-state studies discussed above, 

the involvement of these regions during emotional cognitive tasks as it relates to state or trait 

mindfulness is similarly inconsistent (Taylor et al., 2011), especially as it relates to the extent of 

meditation experience and meditation-related approaches used during state mindfulness. 

 

 

 

 

 

 

 

 

 

 

Figure 3. Inverted U-shape depicting BOLD signal change in prefrontal and emotional brain 
regions as it relates to meditation experience.  
 

Taken together, the mindfulness imaging literature supports the idea of mindfulness-

induced plasticity in DMN-related regions during various cognitive states, but the direction of 

change is not clear. It is evident that there are differences in brain function between meditators and 

non-meditators. Whether these differences are solely due to training effects brought on by 

meditation practices or to trait effects that might be present in non-meditators is not clear. To 

address these questions, I examined whether, in a sample of non-meditators, individual differences 

in trait mindfulness are associated with structural and functional differences in brain regions 

associated with emotional, self-referential, and self-regulatory processing.  
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Summary of Aims 

To address the outstanding questions presented above regarding the emotional and neural 

correlates of trait mindfulness in non-meditators, I performed a set of studies to ascertain the 

behavioral and brain bases of these emotion-mood relationships. This project, conducted over the 

course of 3 separate studies, aimed to accomplish several goals: 

Specific Aim 1  

I sought to examine whether individuals with higher trait mindfulness experience less 

negatively-valenced emotional reactivity following a negatively-valenced stressor (i.e., a 

negative mood induction procedure) compared to individuals with lower trait mindfulness. A 

secondary aim was to investigate which of the 5 mindfulness dimensions of the FFMQ provided 

the best model fit for an overall mindfulness construct in non-meditating samples. To achieve 

these aims, I conducted Study 1.  

Specific Aim 2  

To assess the validity of Specific Aim 1 findings, I sought to replicate Study 1. Because 

validation has not been featured in prior mindfulness literature, I further sought to examine the 

test-retest reliability of the negative mood induction and the mindfulness scale across two separate 

study sessions. To achieve this aim, I conducted Study 2.  

Specific Aim 3 

To examine whether individual differences in trait mindfulness are associated with 

structural and functional differences in the regions of the brain associated with emotion and self-

relevant processing, commonly considered to be regions associated with the DMN, and how those 
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differences may relate to negatively-valenced emotional reactivity, I conducted Study 3.  
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CHAPTER 2 

STUDY 1 

The purpose for Study 1 was to assess (1) which 5 mindfulness dimensions provide the 

best model fit for an overall mindfulness construct in non-meditating samples and (2) whether 

individuals with higher trait mindfulness experience less negatively-valenced emotional 

reactivity following a negative mood induction compared to individuals with lower trait 

mindfulness.  

Method 

Study 1 was comprised of 88 participants (ages 18-54; Mean age = 22.70; SD = 6.23; 57 

female). All study procedures were approved by the University of Texas at Dallas Institutional 

Review Board, and informed consent was obtained from each participant prior to beginning the 

study. Because the study included a mood manipulation intended to induce a negative mood, 

suicidal ideation scores were acquired from each participant prior to beginning any study 

procedures. Suicidal ideation was assessed via Item 9 on Beck’s Depression Inventory. If a value 

of anything other than 0 was given (“I don’t have any thoughts of killing myself”), the 

participant was excluded from the study. With this criterion, 19 participants were excluded from 

the study, resulting in a total of 88 participants.  

During the study appointment, participants were administered the FFMQ, Beck 

Depression Inventory (BDI; Beck et al., 1996), and Rumination Response Scale (RRS; Treynor 

et al., 2003). Following completion of the self-report questionnaires, participants were asked to  

Note: Material from Himes et al., 2021 
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complete a baseline mood assessment (EVEA; Sanz, 2001), where they were asked to rate 

statements regarding their current mood. The EVEA contains 16 items assessing four distinct 

moods: anxiety, anger-hostility (data not presented in this paper), sadness-depression, and 

happiness. Each item was answered on a scale from 1 (not at all) to 10 (very much), and 

participants were instructed to circle the number that “best indicates how you feel right now”. 

Each mood was measured by four different items using different adjectives to define a subscale 

(i.e., “I feel nervous”, “I feel tense”, “I feel anxious”, and “I feel restless”). Immediately after 

completing the EVEA, participants were administered a negative mood induction procedure 

(Robinson et al., 2012). Following the negative mood induction procedure, participants were 

again administered the EVEA and asked to rate the items based on how they felt at the time. A 

positive mood induction procedure (Robinson et al., 2012) was then administered to negate the 

effects of the negative mood induction procedure, followed by a final EVEA. All participants 

were given a debrief assessing how well she or he understood the study procedures. All 

participants were given information regarding the student counseling center and how to obtain 

free counseling from the center, as well as contact information for the National Suicide 

Prevention Lifeline and the National Hopeline Network. 

Mood Inductions 

Participants completed two mood induction procedures: a negative and a positive mood 

induction procedure. In the negative mood induction procedure, participants were asked to listen 

to two pieces of classical music (Barber, 1939, Adagio for Strings, op. 11; Albinoni, 1981, 

Adagio in G Minor for organ and strings) for 15 seconds each. Participants were then asked to 

choose the music piece they believed was more “somber,” or “dark.” Care was taken to ensure 
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the words “negative,” “sad,” or “depressing” were not used at all in this protocol to minimize the 

influence of demand characteristics. After the participant chose the music piece that they 

believed was more somber sounding, a series of 58 statements (Velten, 1968) were displayed on 

the computer using E-Prime presentation software (E-Prime version 2.0.10 on 15 inch Dell 

monitor) while participants listened to the chosen music piece on a continuous loop using over-

the-ear headphones. For each statement, participants were told to think back to a time in their life 

when they felt that statement was true for them. The statements progressed from neutral (“Today 

is neither better nor worse than any other day”) to more depressing (“I want to go to sleep and 

never wake up”). Statements were presented in black type on a dark gray background. 

Participants completed the negative mood induction procedure at their own pace, which was 

approximately 10 minutes for most participants.  

The positive mood induction procedure was administered to negate the effects of the 

negative mood induction procedure. The positive mood induction procedure was identical to the 

negative mood induction procedure, however, the pieces of music (Beethoven, 1805, Piano 

Concerto No. 4, Op. 58 in G Major: III. Rondo, Vivace; Mozart, 1787, Serenade No. 13 KV 525 

G Major: I. Serenade. Allegro) were livelier and participants were asked to choose the music 

piece they believed to be more “upbeat.” Care was taken to ensure the words “positive” or 

“happy” were not used at all during the protocol. After the music piece was chosen, participants 

read a series of 58 statements (Velten, 1968) which progressed from neutral (“Today is neither 

better nor worse than any other day”) to more progressively more positive (“Wow! I feel great!”) 

and were asked to think about a time in their life when the statement was true for them. The 

statements were presented in yellow type on a bright blue background. As was the case with the 
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negative mood induction procedure, the positive mood induction procedure was self-paced and 

took approximately 10 minutes for most participants to complete.  

For ethical reasons, the order in which the negative and positive mood induction 

procedure was administered was not counterbalanced so as to ensure all participants received the 

positive mood induction procedure last in the experimental protocol.  

Data Analyses 

SPSS Statistics 23 was used for all analyses. First, descriptive statistics were calculated 

for all measures. Pearson correlation coefficients were calculated to examine the relationships 

between the FFMQ facets, overall mindfulness score, BDI, RRS, and mood changes resulting 

from the mood induction procedures (positive and negative inductions). Internal consistency for 

all measures were calculated.   

In order to create an overall mindfulness score, a confirmatory factor analysis was 

performed to test the relationship between the measured variables and their latent constructs. In 

order to assess which facets best index an overall mindfulness construct, a five-factor model was 

tested, which included all 5 FFMQ facets, a four-factor model included all FFMQ facets except 

for the Observing facet, and a three-factor model included the Awareness, Non-judging, and 

Non-reactivity facets. The comparative fit index (CFI) compares the existing model fit to a null, 

or independent, model that assumes the indicator variables in the model are uncorrelated. CFI 

values range from 0 to 1 with values of .90 and above considered a good model fit. The Tucker 

Lewis Index (TLI; also referred to as the non-normed fit index) is another common incremental 

fit index that ranges from 0 to 1 with values of .95 and above considered a good model fit. The 

standardized root mean square residual (SRMR) and root mean square error of approximation 
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(RMSEA) are both absolute fit indices ranging from 0 to 1 with smaller values indicating better 

model fit.  

A Wilcoxon Signed Ranks test was performed to determine the effectiveness of both the 

negative and positive mood induction procedures. Anxiety, happiness, and sadness were assessed 

using the EVEA, and absolute change in mood before and after both the negative and positive 

mood induction procedure was assessed such that larger absolute change would reflect higher 

emotional reactivity. Correlations were performed to assess whether trait mindfulness (overall 

mindfulness and the individual facets) was associated with emotional reactivity.  

Results 

Means, medians, standard deviations, Cronbach’s alpha for the mindfulness facets, RRS, 

and BDI are listed in Table 1. Zero order correlations between the FFMQ facets, overall 

mindfulness score, BDI, RRS, and absolute change in emotional reactivity are listed in Appendix 

A (Table A.1). The Observing facet was inversely related to the Non-judging facet (r = -.27, p = 

.01), a common finding in past literature examining non-meditators (i.e., general population) 

using the FFMQ (Baer et al., 2006). In order to create a composite score of the individual 

mindfulness facets to represent an overall mindfulness construct, a confirmatory factor analysis 

was performed to test the relationship between the measured variables and their latent constructs. 

The model fit indices for the five-factor, four-factor, and three-factor models are listed in Table 

2. Overall, the three-factor model was the only one that provided an acceptable fit for the 

observed data, with an adequate-to-good CFI, chi-square statistic, TLI and SRMR. Therefore, 

our overall mindfulness construct score was a composite of the Acting with Awareness, Non-

judging, and Non-reactivity facets.  
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Table 1. Study 1 personality assessments with median, mean, standard deviation, and Cronbach’s 
Alpha. 

 

Table 2. Study 1 CFA model fit indices for five-factor, four-factor, and three-factor model. 

 

To determine effectiveness of the negative mood induction procedure, a Wilcoxon Signed 

Ranks test was performed. A non-parametric test was used because, as a Likert-type scale, the 

difference between positions on the scale are not sufficiently defined to be considered uniformly 

incremental (Jamieson, 2004). As expected, there was an increase in sadness/depression ratings 

and anxiety ratings after the negative mood induction procedure compared to before (Z = -6.104, 

p < 0.001, r = 0.654 and Z = -4.134, p < 0.001, r = 0.443, respectively). Additionally, there was a 

decrease in happiness ratings after the negative mood induction procedure compared to before (Z 

= -5.784, p < 0.001, r = 0.620). Cronbach’s alphas were assessed for internal consistency for 

each of the distinct mood subscales (anxiety, happiness, and sadness) in the mood assessments 

(EVEA 1, 2, and 3), and all Cronbach’s alphas were above 0.80 (see Appendix A, Table A.2). 

Absolute change in mood before and after both the negative and positive mood induction 

procedure was assessed such that larger absolute change would reflect higher emotional 

reactivity (i.e., less emotional stability). Higher levels of the Acting with Awareness facet were 
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associated with less anxiety-related emotional reactivity (r = -0.252, p = .018) after the negative 

mood induction procedure, and this relationship remained significant after controlling for 

depression and rumination (r = -0.271, p = .014). Higher levels of the Describing facet were 

associated with greater happiness-related emotional reactivity after the negative mood induction 

(r = 0.363, p = .001), and this relationship remained significant after controlling for depression 

and rumination (r = 0.352, p = .001). There were no significant associations between negatively-

valenced emotional reactivity in response to the negative mood induction procedure and overall 

trait mindfulness.  

Discussion 

In Study 1, I observed a significant relationship between Acting with Awareness and 

anxiety-related emotional reactivity, such that higher levels of Acting with Awareness were 

associated with less anxiety-related emotional reactivity following the negative mood induction 

procedure. No such relationships between other mindfulness facets, overall trait mindfulness, and 

negatively-valenced emotional reactivity were observed. The qualities of awareness and attention 

to the present moment are thought to be more central to the foundation of mindfulness than other 

mindful attributes (see also Brown & Ryan, 2003). Thus, this quality may be uniquely associated 

with reductions in negatively-valenced emotional reactivity by virtue of placing more awareness 

on one’s emotions and reactions when faced with a negative stressor. Thus, acting with 

awareness might provide individuals with the ability to notice and openly engage with emotions 

that arise when exposed to environmental stress, resulting in reduced negatively-valenced 

emotional reactivity.  
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Confirmatory factor analysis revealed that exclusion of the Describing and Observing 

facets in the overall mindfulness construct provided a better model fit for this sample of college 

students. This result suggests that these facets function differently in general non-meditating 

populations. Indeed, the Observing facet often exhibits positive associations with negative 

psychological symptoms (e.g., depression, rumination, anxiety, stress, etc.; Baer et al., 2006; 

Brown et al., 2015) and is inversely related to the other mindfulness facets (e.g., Baer et al., 

2006; Baer et al., 2008; Siegling & Petrides, 2016). For this reason, the Observing facet is often 

excluded when assessing overall mindfulness in non-meditating samples (Baer et al. 2006).  

Whereas the Observing facet exhibits consistent findings in non-meditating samples, the 

Describing facet has not yielded such consistent results. In one study, the Describing facet was 

the only FFMQ facet that exhibited a significant positive correlation with the Observing facet in 

a sample of non-meditators (de Bruin et al., 2012). Additionally, Describing, along with 

Observing, were the only two facets without significant, negative correlations with self-focus, as 

measured by the RRS in a non-meditating sample. The Describing facet was, in fact, the only 

facet that was not predictive of depressive symptoms in this study (de Bruin et al., 2012). In a 

study by Peters et al. (2013), researchers found that the Describing and Observing facet were the 

only mindfulness facets that were not predictive of negative psychological symptoms in a non-

meditating, college-age sample. Our results are consistent with these studies but inconsistent 

with others showing the Describing facet loading significantly onto the overall mindfulness 

construct (e.g., Baer et al., 2006; Baer et al., 2008). On one hand, it is possible that the 

individuals in our sample lack the ability to mindfully observe and describe emotions; these 

facets might represent constructs that are not as advantageous when modulating emotion. On the 
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other hand, this result might represent some idiosyncratic property of our sample, heretofore 

undetected by our measurements. Therefore, I sought to replicate our Study 1 results in a follow-

up study using a different sample but similar study procedures.  

The findings from Study 1, specifically the first part of Specific Aim 1 focused on 

examining which mindfulness dimensions best index an overall mindfulness construct, are not 

necessarily in agreement with past literature. Although the Observing facet often exhibits the 

behavior I found when studying non-meditators, the Describing facet is less consistent in non-

meditating samples. For this reason, I sought to replicate the novel findings of Study 1.
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CHAPTER 3 

STUDY 2 

The purpose for Study 2 was to replicate and extend the findings from Study 1. 

Specifically, I sought to assess (1) which 5 mindfulness dimensions provide the best model fit for 

an overall trait mindfulness construct in non-meditating samples and (2) whether individuals 

with higher trait mindfulness experience less negatively-valenced emotional reactivity following 

a negative mood induction compared to individuals with lower trait mindfulness. 

In Study 2, participants underwent the same study procedures described for Study 1 

during two sessions that were separated by approximately 8 weeks. Similar to Study 1, I 

examined the relationship between trait mindfulness and negatively-valenced emotional 

reactivity to the negative mood induction procedure at both session one and session two in Study 

2. I expected to find a significant relationship between trait mindfulness and negatively-valenced 

emotional reactivity following the negative mood induction procedure. Specifically, I predicted 

that lower levels of trait mindfulness would be associated with more negatively-valenced 

emotional reactivity. I further examined whether overall trait mindfulness construct used in 

Study 1 (excluding the Observing and Describing facets) was applicable to the general college-

age sample in Study 2. I hypothesized that the Describing and Observing facets actually reflect 

different constructs than have been described previously in meditating samples. Thus, I predicted 

that their inclusion in a model to represent an overall mindfulness construct would not improve 

the model fit over and above that already provided by the three-factor model. I further sought to  

Note: Material from Himes et al., 2021  
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assess the test-retest reliability of both the trait mindfulness measure used in Study 1, as well as 

the negative mood induction. In this study, participants completed the FFMQ and underwent the 

negative mood induction procedure at session one and eight weeks later at session two to 

determine if the trait mindfulness measure was consistent and if the negative mood induction was 

reliable.  

Method 

 Ninety-five undergraduates (ages 18-54; Mean age = 22.25; SD = 6.04; 80 female) 

completed the first session, and of those, 65 undergraduates (ages 18-54; Mean age = 22.58; SD 

= 6.49; 58 female) returned to complete the second session in its entirety, resulting in a total of 

65 participants in the final analyses. All study procedures were approved by the University of 

Texas at Dallas Institutional Review Board, and informed consent was obtained from each 

participant prior to beginning the study. This was a two-part study with two sessions separated 

by eight weeks. The two sessions were identical to one another and followed the same 

procedures as Study 1. The only procedural change from Study 1 to Study 2 was the criterion for 

excluding potentially suicidal individuals. Item 9 on Beck’s Depression Inventory was acquired 

in order to screen for potentially suicidal individuals, however, as opposed to excluding 

participants that only endorsed thinking about suicide (“I have thoughts of killing myself, but I 

would not carry them out”) as was the case in Study 1, only participants that indicated suicidal 

intent were excluded from Study 2 (endorsing “I would like to kill myself” or “I would kill 

myself if I had the chance”). Using this updated exclusion criterion, no participants endorsed 

suicidal intent, resulting in zero participants excluded. Identical to Study 1, after informed 

consent was given, participants were administered the FFMQ, BDI, and RRS, and the baseline 
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mood assessment (EVEA). Immediately after completing the EVEA, participants completed the 

negative mood induction procedure, followed by the EVEA, positive mood induction procedure, 

and the final EVEA. Following completion of the final EVEA, two debriefs were given as 

described for Study 1. 

Data Analysis 

SPSS Statistics 23 was used for all analyses. Analyses similar to those performed in 

Study 1 were performed in Study 2. For both sessions, descriptive statistics and internal 

consistency were calculated for all measures. Pearson correlation coefficients were calculated to 

examine the relationships between the FFMQ facets, overall mindfulness score, BDI, RRS, and 

mood changes resulting from the positive and negative mood induction procedures for both 

session one and session two. Intraclass correlation coefficient (ICC) estimates and their 95% 

confidence intervals were calculated based on an absolute agreement, 2-way mixed-effects 

model to assess test-retest reliability of the mindfulness facets from session one to session two 

(see Koo & Li, 2016).  

In order to examine if the three-factor model used in Study 1 representing an overall 

mindfulness construct was applicable to the sample used in Study 2, a confirmatory factor 

analysis was performed using a five-factor model, a four-factor model, and a three-factor model, 

similar to Study 1. Absolute change in mood before and after both the negative and positive 

mood induction procedure was assessed such that larger absolute change would reflect higher 

emotional reactivity. A Wilcoxon Signed Ranks test was performed to determine the 

effectiveness of both the negative and positive mood induction procedure.  ICC estimates were 

calculated based on an absolute agreement, 2-way mixed-effects model to assess test-retest 
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reliability of each of the subscales in the mood assessments (EVEA 1, 2, and 3; Koo & Li, 2016). 

Finally, correlation analyses were conducted to examine whether overall trait mindfulness was 

associated with emotional reactivity. 

Results 

Means, medians, standard deviations, Cronbach’s alpha, and zero-order correlations 

between the personality assessments for the first session are listed in Table 3 and the second 

session in Table 4. Zero order correlations between the FFMQ facets, overall mindfulness score, 

BDI, RRS, and absolute change in emotional reactivity are listed in Appendix B for session one 

and session two (Appendix B, Table B.1 and B.2, respectively). To examine if the three-factor 

model utilized in Study 1 representing an overall mindfulness construct was applicable to the 

sample used in Study 2, a confirmatory factor analysis was conducted using a five, four, and 

three-factor model. Model fit indices for the five-factor, four-factor, and three-factor models for 

sessions one and two are listed in Table 5. Similar to Study 1, the three-factor model provided 

the best fit for the observed data at both sessions one and two, with an adequate CFI, chi-square 

statistic, TLI, SRMR, and RMSEA. Also consistent with Study 1, the most acceptable model to 

represent an overall mindfulness construct included only the Acting with Awareness, Non-

judging, and Non-reactivity facets from the FFMQ.  
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Table 3. Study 2, session one, means, medians, standard deviations, and Cronbach’s alpha for 
personality assessments.  

 
 
 
Table 4. Study 2, session two, means, medians, standard deviations, and Cronbach’s alpha for 
personality assessments. 

 

Table 5. Study 2, session one and two CFA model fit indices for five-factor, four-factor, and 
three-factor model  

 

In order to determine if the negative mood induction was effective at inducing the 

intended mood, a Wilcoxon signed-rank test was performed, consistent with Study 1. During the 

first session, there was a significant increase in sadness/depression and anxiety after the negative 

mood induction compared with before (Z = -5.764, p < 0.001, r = 0.588 and Z = -2.387, p = 
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0.017, r = 0.244, respectively). During the second session, similar results were found regarding 

sadness/depression and happiness changes after the negative mood induction (Z = -5.047, p < 

0.001, r = 0.515 and Z = -5.970, p < 0.001, r = 0.610, respectively); however, there was no 

significant change in anxiety after the negative mood induction. Cronbach’s alphas for each of 

the subscales in the mood assessments (EVEA 1, 2, and 3) at both sessions one and two were all 

above 0.80 (see Appendix B, Table B.3). ICC estimates were calculated based on an absolute 

agreement, 2-way mixed-effects model to assess test-retest reliability of each of the subscales in 

the mood assessments (EVEA 1, 2, and 3) and were all above 0.68, indicating moderate 

consistency. 

For the first session, significant associations were found with sadness-related emotional 

reactivity and the Acting with Awareness and Non-Judging facets such that higher levels of 

Acting with Awareness and Non-judging were related to less sadness-related emotional 

reactivity after the negative mood induction procedure (r = − 0.30, p = 0.003 and r = − 0.21, p = 

0.04, respectively). Similarly, higher levels of Acting with Awareness and Non- judging were 

associated with less anxiety-related emotional reactivity after the negative mood induction 

procedure (r = − 0.31, p = 0.002 and r = − 0.28, p = 0.006, respectively). After controlling for 

rumination and depression, Acting with Awareness was only marginally related to less anxiety-

related emotional reactivity (r = − 0.20, p = 0.054). Higher overall mindfulness was associated 

with less sadness and anxiety-related emotional reactivity after the negative mood induction 

procedure (r = − 0.29, p = 0.005 and r = − 0.34, p = 0.001, respectively). After controlling for 

rumination and depression, overall mindfulness remained significantly related to less anxiety-

related emotional reactivity after the negative mood induction procedure (r = − 0.22, p = 0.04). 



 

39 

No relationships between mindfulness and happiness-related emotional reactivity were found for 

the first session.  

For the second session, higher levels of Non-reactivity were associated with less sadness-

related emotional reactivity after the negative mood induction procedure (r = − 0.32, p = 0.01) 

and remained significant after controlling for depression and rumination (r = − 0.29, p = 0.02). 

Additionally, higher levels of Acting with Awareness were associated with less anxiety-related 

emotional reactivity after the negative mood induction procedure (r = − 0.31, p = 0.02). Higher 

overall mindfulness was associated with less sadness-related and anxiety-related emotional 

reactivity after the negative mood induction procedure (r = − 0.27, p = 0.03 and r = − 0.28, p = 

0.03, respectively). Interestingly, higher levels of Non-reactivity were associated with greater 

happiness-related emotional reactivity after the negative mood induction procedure (r = − 0.29, p 

= 0.02), and remained significant after controlling for depression and rumination (r = − 0.27, p = 

0.04).  

Discussion 

 In Study 2, I sought to examine if the three-factor model, excluding the Observing and 

Describing facets, would provide the best model fit to represent an overall mindfulness construct 

as I had observed in Study 1. Study 2 results replicated those from Study 1 regarding the 

inconsistency of using FFMQ facets to reflect an overall mindfulness construct in general 

college-age samples; both the Describing and Observing facets might represent different 

constructs in general college-age samples than have been found previously in meditating 

samples. By excluding those two facets when using a general college-age sample, a better model 

fit for an overall mindfulness construct was obtained. Our results suggest that the Acting with 
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Awareness, Non-reactivity, and Non-judgment facets provide the best reflection of overall trait 

mindfulness in general college-age samples.  

 Interestingly, the Non-reactivity facet was related to greater happiness-related emotional 

reactivity after the negative mood induction, even after controlling for rumination and 

depression. This study focused on negatively-valenced emotional reactivity specifically, and the 

negative mood induction was designed to examine negative emotional shifts. However, this 

finding reveals an interesting question for future research to examine whether trait mindfulness-

related emotional reactivity exists on a spectrum regardless of the emotional valence, or whether 

reactivity is dependent on the valence.  

Limitations of Studies 1 and 2 

Limitations of Studies 1 and 2 should be noted. One limitation of these studies was the 

use of self-report measures to examine trait mindfulness. Many past studies investigating trait 

mindfulness in meditators and non-meditators have used correlational research methods in the 

laboratory, relying mainly on the association of self-report measures without any experimental 

manipulation or behavioral measurement (see Hoge et al., 2019). Interpretation of results from 

these kinds of studies is limited owing to effects of response bias, sampling bias, the inability of 

respondents to accurately assess themselves, and varying interpretation of the questions asked on 

self-report measures (e.g., Van Dam et al., 2018). While any study using self-report measures are 

impacted by these limitations, the use of self-report measures to assess mindfulness may be 

particularly vulnerable (Van Dam et al., 2011). For instance, response bias may lead non-

meditators to conflate the desire to be mindful with actually being mindful (Grossman & Van 

Dam, 2011; Van Dam et al., 2018). Familiarity with and exposure to mindfulness terms might 
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increase perceptions of the overall importance of mindfulness (Grossman, 2008). Previous 

studies examining trait mindfulness in non-meditators have primarily relied on convenience 

sampling of college students who are not necessarily representative of the entire population, 

leading to results that are not generalizable across populations. General limitations of 

introspection may make self-reporting mindfulness more difficult in non-meditators because an 

individual may not understand which aspects of mental states should be considered in order to 

properly make a personal assessment of mindfulness (Van Dam et al., 2018). Further, assessing 

self-reported mindfulness requires metacognition of awareness (e.g., Schooler, 2002), in which 

the total number of attentional lapses (or mindless moments) that an individual notices and can 

report depends entirely on recognizing that a lapse in attention has occurred in the first place. 

Non-meditators might lack this metacognitive awareness, resulting in biased self-reported 

assessments of mindfulness.  

Studies 1 and 2 are not exempt from the general limitations of using self-reported 

mindfulness measures in non-meditating samples, however, additional experimental control was 

gained by utilizing an experimental mood induction procedure, allowing laboratory observation 

of self-reported mood changes without the variability due to demand characteristics and memory 

limitations (see also e.g., Arch & Craske, 2010; Ortner et al., 2007; Westermann et al., 1996). 

Other limitations of Studies 1 and 2 must also be weighed in the evaluation of the results. Both 

studies featured smaller, gender-weighted (mostly females) samples compared to other studies 

that have employed structural equation modeling. Several model characteristics, including 

insufficient statistical power for structural equation modeling, affect the stability and reliability 

of the model fit indices and parameter estimates when performing confirmatory factor analysis 
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(e.g., MacCallum et al., 1999; Wolf et al., 2013). Replication of our results with larger, gender-

balanced samples is certainly warranted. Participants were not queried on their meditation 

experience. Thus, a small number of experienced meditators might have contributed variance to 

our measures. Most research studies assessing experienced meditators typically recruit 

participants from meditation programs, institutes, centers, or other meditation-related gatherings, 

so we are confident that our sample of college-age undergraduate students did not contain a 

significant number of experienced meditators. However, because participants were not queried 

on their previous meditation experience, these results do not permit me to disambiguate the 

effects of meditation training on trait mindfulness and its relationship to emotional reactivity. 

Future research should also focus on examining a broader range of negatively valenced 

emotional reactivity, such as guilt or shame, and specific positive mood states. In order to avoid 

the abovementioned limitations, future research should strive to replicate our findings by 

assessing mindfulness with objective measures in non-student populations.  

Overall Conclusions of Studies 1 and 2 

 Our findings from Study 1 suggest that higher trait mindfulness, specifically, the quality 

of acting with awareness, is associated with less negatively-valenced emotional reactivity. 

Findings from study 2 further support the hypothesis and replicated the findings from Study 1 

that higher overall trait mindfulness, represented with the three-factor model, is associated with 

less negatively-valenced emotional reactivity. Taken together, these findings support theories of 

mindfulness suggesting that high overall trait mindfulness acts as a protective buffer against the 



 

43 

impact of stressors by altering the way an individual evaluates and copes with a stressor, thus 

reducing the negative effect of the stressors resulting in reduced emotional reactivity.  

With the completion of Studies 1 and 2, Specific Aims 1 and 2 were achieved. Adding on 

to the findings from the first two studies, I sought to address next whether differences in trait 

mindfulness in non-meditators are associated with structural and functional differences in brain 

regions associated with emotion and self-referential processing and if those differences relate to 

negatively-valenced emotional reactivity.
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CHAPTER 4 

STUDY 3 

Studies 1 and 2 revealed that higher trait mindfulness is associated with less negatively-

valenced emotional reactivity and further revealed a discrepancy in non-meditating samples when 

including Observing and Describing in an overall, global measure of trait mindfulness. Study 3 

was conducted to examine the brain bases of individual differences in trait mindfulness. To 

examine whether such differences in trait mindfulness are associated with structural and functional 

differences in brain regions associated with emotional, self-referential, and self-regulatory 

processing and if those differences relate to negatively-valenced emotional reactivity, this study 

was conducted using fMRI (functional magnetic resonance imaging). Benefits to health and 

psychological well-being resulting from mindfulness meditation training are thought to reflect 

functional and structural changes in brain regions within the DMN (see Berkovich-Ohana et al., 

2012, Kilpatrick et al., 2011). These brain regions are associated with emotional and self-relevant 

processes, including self-awareness and self-regulation related to general mind-wandering (Mason 

et al., 2007; Raichle et al., 2001; Vago & Silbersweig, 2012).  

I predicted that individuals with higher levels of trait mindfulness would have increased 

gray matter volume in regions associated with DMN-related functions including the hippocampus, 

insula, precuneus, anterior and posterior cingulate cortex, and medial PFC compared to individuals 

with lower levels of trait mindfulness. This increased gray matter volume has been observed in 

comparisons between experienced meditators and non-meditators, representing training effects, 

and might result from increased emphasis on the process of self-regulation, leading to habitual 

self-regulation and adaptive behavioral responses (see Fox et al., 2014). I predicted that, even in 
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non-meditators, the same trends in gray matter volume will be seen in individuals with high levels 

of trait mindfulness.   

This increased emphasis on self-regulation might also be reflected in decreased DMN 

activity during rest (see Brewer et al., 2011). Such effects have been observed in comparisons 

between trained and experienced mindfulness meditators and non-meditators (e.g., Brewer et al., 

2011; Garrison et al., 2015; Taylor et al., 2013) and are thought to be due to meditation experience, 

representing training effects. As such, I predicted that regions associated with processing self-

relevant information (such as the precuneus and posterior cingulate cortex), interoception (such as 

the insula), and emotion regulation (such as the anterior cingulate cortex and medial PFC regions) 

will exhibit decreased involvement during resting state in individuals with high levels of trait 

mindfulness compared to those with lower levels of trait mindfulness. These regions are commonly 

thought to be a part of, or functionally associated with, DMN and activity in these regions is 

thought to decrease as a result of meditation practice due to reductions in self-referential 

processing, self-regulation, and mind-wandering. I predicted that, even in non-meditators, high 

trait mindfulness would be neurally expressed during resting-state by reduced connectivity 

between these regions, representing a trait effect. 

In individuals with high trait mindfulness without any previous meditation experience, I 

predicted to see both neural and behavioral effects of reduced interference from negative stimuli. 

First, I predicted that those with high levels of mindfulness would exhibit less negatively-valenced 

emotional reactivity in response to the negative mood induction compared to those with low trait 

mindfulness, suggesting that trait mindfulness allows for enhanced affective responding. Indeed, 

increased awareness of affect may enable an individual to regulate their emotional response to the 
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negative material by disengaging attention from the emotionally provocative stimuli, thus reducing 

behavioral interference and facilitating emotional responding (Ortner et al., 2007).  Second, I 

predicted to see reduced interference from negative stimuli during the emotional Stroop task in 

those with higher levels of trait mindfulness. Meditators show reduced interference from negative 

and unpleasant stimuli during cognitive tasks (e.g., Ortner et al., 2007), suggesting that 

mindfulness reduces negative emotional interference and might permit more effective cognitive 

functioning. Thus, I predicted that in non-meditators, individuals with higher levels of trait 

mindfulness would exhibit a similar trend to that previously seen in experienced meditators when 

processing negative stimuli by displaying reduced behavioral interference during the negative 

condition of the emotional Stroop task.  

With respect to how this reduced interference might be expressed functionally, I predicted 

that, during the negative compared to positive condition of the emotional Stroop task, these DMN-

related regions would exhibit more engagement and cohesion in individuals with high trait 

mindfulness. I predicted that those with high mindfulness would exhibit greater involvement of 

regions that support the processing of emotional, self-relevant material due to nature of the 

emotional task, and I predicted that this increased involvement to be coupled with increased 

connectivity to self-regulatory regions in the medial PFC. This pattern of results might reflect 

increased processing of emotional stimuli that occurs in individuals with low to moderate levels 

of meditation experience, but would also reflect the enhanced regulatory control and cognitive 

flexibility that results from meditation practice. These findings would suggest that trait 

mindfulness effects are expressed in a similar manner to meditation training effects, and neural 

expression is dependent on the degree of this trait. Findings from these questions will provide more 
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understanding on the effects of trait mindfulness at the neural and behavioral level and might assist 

in the delineation  between trait and state effects of mindfulness.  

Method 

Sixteen participants (ages 19-40; Mean age = 24.19; SD = 6.10; 8 female) completed 

behavioral assessment and structural imaging. Of those, fifteen participants completed behavioral 

assessments, structural imaging, and resting-state imaging, and fourteen participants completed 

the study protocol in its entirety (behavioral assessment, structural imaging, resting-state imaging, 

and task-based imaging). Participants were recruited via psychology courses at the University of 

Texas at Dallas and were compensated for their time. All study procedures were approved by the 

University of Texas at Dallas Institutional Review Board, and informed consent was obtained from 

each participant prior to beginning the study.  

During the study appointment at the University of Texas at Dallas BrainHealth Imaging 

Center, COVID-19 safe protocols were followed at all times to mitigate the risk to participants and 

researchers. Participants and researchers were required to wear surgical masks at all times and 

practice social distancing. Prior to the study appointment, participants completed an online health 

screen regarding current, if any, COVID-19 related symptoms and behavior regarding the 

pandemic. This health screen was done 24-hours in advance. If participants indicated they were 

experiencing symptoms or had not been practicing COVID-19 safe behavior, the participant was 

rescheduled for another time. During the study appointment, participants first had their 

temperature checked by a non-contact thermometer, followed by an infection disease health screen 

and MRI prescreener. Identical to the studies described in previous chapters, item 9 on Beck’s 

Depression Inventory was acquired in order to screen for potentially suicidal individuals. No 



 

48 

participants endorsed suicidal intent; therefore, no participants were excluded based on this 

criterion. Following assessment of suicidal intent, participants were asked to complete a series of 

self-report questionnaires including the BDI, RRS, Positive and Negative Affect Scale (PANAS; 

Watson et al., 1988), FFMQ, Emotion Regulation Questionnaire (ERQ; Gross & John, 2003), and 

the Perceived Stress Scale (PSS; Cohen et al., 1983). Following completion of the self-report 

measures, participants practiced a 16-trial practice run of the emotional Stroop task that they would 

be asked to perform during the MRI scan. Prior to entering the MRI machine, participants were 

asked to change into disposable scrubs, a new surgical face mask, disposable socks, and a hair net, 

while researchers changed into isolation gear (isolation gown, surgical mask, face shield, and 

gloves). 

MRI scanning was performed on a research-dedicated 3 Tesla system (Siemens, Erlangen, 

Germany) with a 32-channel SENSE head coil. Head motion was restricted using padding. High-

resolution (1 x 1 x 1 mm) T1-weighted whole-brain images (TR = 2300 ms, TE = 2.26 ms, TI = 

900 ms, 8° flip angle) were acquired for all participants using a standard magnetization-prepared 

rapid acquisition of gradient echo (MPRAGE) pulse sequence (Brant-Zawadzki et al., 1992). 

Following anatomical scan collection, a 10-minute resting state scan was acquired using the 

following parameters: BOLD, gradient-echo signal, 3.0 × 3.0 × 4.0 mm³ voxel, 38 slices/volume, 

TR = 2000ms, TE = 30.0ms, 80° flip angle. Participants were asked to keep their eyes open during 

the resting-state scan. Following the resting-state scan, functional BOLD images during the 

emotional Stroop task were acquired using the following parameters: BOLD, gradient-echo signal, 

3.0 × 3.0 × 4.0 mm³ voxel, 38 slices/volume, 291 volumes/run, TR = 2000ms, TE = 30.0ms, 80° 

flip angle, 582 seconds per scan. 
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The emotional Stroop task (Williams et al., 1996) is a modified version of the original 

Stroop task (Stroop, 1935) in which participants are shown words that name colors and the letters 

of the words appear in different colors from trial to trial. In the original Stroop task, participants 

are required to name the ink color that the word appears in while ignoring the word itself. In the 

emotional Stroop task, participants are presented with negatively or positively valenced words and 

are asked to name the ink color that the word appears in. This task was used to assess the 

interference effects of emotional material on inhibition and cognitive processing. Words were 

presented in either red or blue ink and differed in valence (See Figure 4). A total of 144 negative 

words and 144 positive words were presented. Words were taken from the Affective Norms for 

English Words list (ANEW; Bradley & Lang, 1999) and were not repeated. Valence and arousal 

ratings are provided on 9-point scales in the ANEW list. For our emotional Stroop task, words 

with an average valence rating of 7 and above were chosen for possible inclusion in the positive 

condition, while words with an average valence rating of less than 4 were chosen for possible 

inclusion in the negative condition. There were no significant differences in the average word 

length of positive or negative words, and there were no differences in the average arousal rating 

between positive and negative words. The stimuli were presented in a block-design with 9 blocks 

per valence category. A block-design was used because the blocked format is known to produce 

greater interference effects in the color-naming emotional Stroop task (Bar-Haim et al., 2007). 

Each word was presented on a black background for a total of 1700 ms, followed by a fixation 

cross on a black background for 300 ms. Subjects were asked to identify and name the color ink 

of presented words by pressing the button box in their right hand if the color was in red ink and 

pressing the button box in their left hand if the color was in blue ink. Participants were asked to 
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place equal emphasis on speed and accuracy.  

 

Figure 4. Example of the negative and positive conditions in the emotional Stroop task.  
 

After scanning, the participant was escorted from the MRI machine to a testing room to 

complete the remainder of the study protocol. The participant was first administered a scale for 

mood assessment (EVEA), identical to the mood assessment given to participants in the first three 

studies. After completion of EVEA, participants were then administered a negative mood 

induction identical to that described in the previous chapters. Immediately following the induction, 

participants were asked to complete another EVEA to assess the impact the negative mood 

induction had on mood. Following the second EVEA, participants were then administered a 

positive mood induction to negate the negative effects of the negative mood induction. The postive 

mood induction was identical to the positive mood induction described in the previous chapters. 

Immediately following the positive induction, a third and final EVEA was administered. A final 

debrief page was given to the participant to take with them that detailed information about the 

study and where to seek help or counseling, should the individual need it. 

Data Analysis 
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Behavioral Analyses. SPSS Statistics 26 was used for all behavioral analyses. Similar 

behavioral analyses performed in Studies 1 and 2 were performed in Study 3. Pearson correlation 

coefficients were calculated to examine the relationships between the FFMQ facets, overall 

mindfulness score, BDI, RRS, and mood changes resulting from the positive and negative mood 

induction procedures.  

Absolute change in mood before and after both the negative and positive mood induction 

procedure was assessed such that larger absolute change reflects higher emotional reactivity, 

identical to that done in the previous studies. A Wilcoxon Signed Ranks test was performed to 

determine the effectiveness of both the negative and positive mood induction procedure. 

Correlation analyses were conducted to examine whether overall trait mindfulness is associated 

with emotional reactivity. The test participant’s ability to suppress interfering emotional 

information during the emotional Stroop task, performance was examined by calculating the 

difference in reaction time (RT) to correctly identify positively- and negatively-valenced words 

and accuracy was calculated as the proportion of correct responses. Correlation analyses were 

conducted to examine whether trait mindfulness is associated with emotional Stroop task 

performance.  

Neuroimaging Analyses. fMRI data analysis was performed using Analysis of 

Functional NeuroImages (AFNI; Cox, 1996) software and Freesurfer (Dale et al., 1999; Fischl et 

al., 1999). AFNI’s @sswarper program was used to skull-strip the anatomical volumes and 

calculate the warp to standard space. 

Volumetric Analysis. Anatomical images were processed using Freesurfer’s automated 

processing and reconstruction stream (recon-all) in order to estimate the gray matter volume and 
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cortical thickness of cortical and subcortical structures. Freesurfer’s automatic volumetry 

provides information on all major cortical and subcortical structures, however, this study limited 

the initial focus to regions associated with emotional or self-referential processing. All images 

were inspected visually to detect any structural abnormalities or artifacts. Pearson correlation 

coefficients were calculated to examine relationships between FFMQ facets, gray matter volume, 

and cortical thickness. 

Task Analysis. Preprocessing steps for first-level data analysis included standard fMRI 

steps including removing the first 3 TRs, motion correction was done by registering functional 

volumes to the first volume of the first run of the functional task using a six-parameter rigid-

body transformation, MPRAGE volumes were aligned to the functional data, which was then 

transformed to Talairach space using the TT_N27 atlas and functional volumes were smoothed 

using a Gaussian kernel (full width at half maximum; FWHM = 4 mm; afni_proc.py). Images for 

each participant were inspected visually to ensure preprocessing worked as intended. 

This task was designed in block fashion with no baseline period. Thus, the negative 

condition was modeled as baseline for the positive condition, while the positive condition was 

modeled as baseline for the negative condition. As such, analyses presented here are only 

focused on the negative condition relative to the positive condition. Seed-based correlation 

analysis was performed to examine the correlation between the time series in a region of interest 

(ROI) and the rest of the brain during the negative condition. Posterior cingulate cortex 

(bilateral) was chosen as a seed region a priori due to its heavy involvement in self-referential 

processing and evidence that the posterior cingulate cortex might be a mechanistic target of 

mindfulness (see Brewer & Garrison, 2013). Bilateral ROIs were drawn using AFNI’s built in 
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TT_Daemon atlas. The average time series was extracted from the ROI during the negative 

condition, and head motion, baseline, drifting effects, and other effects that were of no interest 

were removed from the data. Correlation analysis was then performed using AFNI’s 3dfim+ 

program. This program calculates the cross-correlation of an ideal reference waveform with the 

time series for each voxel. Lastly, to make the sampling distribution more normal and reduce 

skewness, Fisher’s Z transformation was used to convert the correlation coefficients to Gaussian 

distribution for use in the group analysis. 

To investigate differences in functional connectivity during the negative condition 

between the ROI and an extended network of brain regions implicated in emotional and self-

relevant processing, each participant’s Z transformed correlation map was entered into group 

level analysis using AFNI’s 3dttest++ with trait mindfulness scores as a behavioral covariate. 

The following regions were included in the network of regions implicated in emotional and self-

relevant processing: medial PFC, anterior cingulate cortex, posterior cingulate cortex, precuneus, 

angular gyrus, amygdala, parahippocampal gyrus, hippocampus, caudate, putamen, nucleus 

accumbens, and insula. To control for false-positives when calculating cluster-size thresholding, 

AFNI’s -Clustsim option was used within 3dttest++. This program estimated the probability of 

finding a noise-only cluster that featured contiguous, faces-touching voxels (k). Based on a p-

value threshold of 0.005 for each voxel within a cluster, at k ≥ 21 the probability of a noise-only 

cluster was p < .05. 

Resting-State Analysis. Preprocessing steps for first-level data analysis included 

standard rs-fMRI steps, despiking, slice time correction, motion correction, alignment of 

functional and anatomical volumes to Talairach space using the TT_N27 atlas, blurring with a 4 
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mm FWHM filter, nuisance regression, motion censoring (threshold of 0.2 mm), and bandpass 

filtering (0.01- 0.1 Hz; afni_proc.py). Images for each participant were inspected visually to 

ensure preprocessing worked as intended.  

Resting-state analyses were carried out following task-based analysis and were modeled 

according to regions of interest from the task results. Specifically, the posterior cingulate cortex 

was chosen as a seed region a priori and drawn using AFNI’s built in TT_Daemon atlas and the 

regions chosen to investigate were the posterior cingulate cortex, anterior cingulate cortex, 

insula, precuneus, and middle frontal regions. The average time series within the ROI was 

extracted for each participant and voxel-wise Pearson product-moment correlations were 

performed between the average time series in the ROI and all other gray matter voxels in the 

mask. As was done in the task-based fMRI analysis detailed above, correlation coefficients were 

converted to Gaussian using Fisher’s Z transformation, and each participant’s Z transformed 

correlation map was entered into group level analysis using AFNI’s 3dttest++ with trait 

mindfulness scores used as a behavioral covariate in order to investigate differences in functional 

connectivity during rest between the ROI and an a priori network of brain regions implicated in 

emotional and self-relevant processing. 

Results 

Behavioral Results 

Means, medians, standard deviations, Cronbach’s alpha for the mindfulness facets, RRS, 

and BDI are listed in Table 6. Zero order correlations between the FFMQ facets, overall 

mindfulness score, BDI, RRS, and absolute change in emotional reactivity are listed in Appendix 
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C, Table C.1. I hypothesized that individuals with higher levels of trait mindfulness would exhibit 

less negatively-valenced emotional reactivity in response to the negative mood induction 

compared to those with lower levels of trait mindfulness. The only significant relationship was 

found between the Non-judging facet and overall sadness-related emotional reactivity across the 

entire mood induction procedure (before and after the negative and positive mood induction; r = -

0.56, p < .05); however, this relationship was no longer significant after controlling for rumination 

and depression. No other relationships between trait mindfulness and emotional reactivity related 

to the mood induction were found.  

Table 6. Study 3 means, medians, standard deviations, and Cronbach’s alpha for personality 
assessments. 

 

To determine effectiveness of the negative mood induction procedure, a Wilcoxon Signed 

Ranks test was performed. As expected, and consistent with the studies described in previous 

chapters, there was an increase in sadness/depression ratings after the negative mood induction 

procedure compared to before (Z = -2.044, p = .041, r = 0.528). Additionally, there was a 

decrease in happiness ratings after the negative mood induction procedure compared to before (Z 

= -3.185, p < 0.001, r = 0.822). However, there was no significant change in anxiety ratings after 

the negative mood induction compared to before. Cronbach’s alphas were assessed for internal 

consistency for each of the distinct mood subscales (anxiety, happiness, and sadness) in the 

mood assessments (EVEA 1, 2, and 3; see Appendix C, Table C.2). 
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Performance during the emotional Stroop task was examined to determine if there was a 

difference in the accuracy or RT in the positive and negative condition. There was no significant 

difference in the accuracy rate between the positive (M = 99.01 %, SD = 1.24 %) and negative 

condition (M = 98.66%, SD = 1.35%); t(13)= -0.99, p = 0.33. Similarly, there was no significant 

difference in the RT between the positive (M = 493.18ms, SD = 113.12ms) and negative 

condition (M = 491.45ms, SD = 112.95ms); t(13)= -1.09, p = 0.29. The only relationships 

between trait mindfulness and Stroop task performance were between the Non-judgment facet 

and positive accuracy (r = -0.594, p = 0.025) and the Describing facet and negative accuracy (r = 

-0.545, p = 0.044). No other significant relationships were found between performance on the 

emotional Stroop task and trait mindfulness (see Appendix C, Table C.3.) 

Neuroimaging Results 

Volumetric analyses were performed to assess gray matter volume in various cortical and 

subcortical brain regions and relationships with trait mindfulness facets, measured by the FFMQ. 

Differences in regional gray matter are associated with performance abilities a number of 

cognitive domains (e.g., Colcombe et al., 2006; Draganski et al., 2004; Draganski et al., 2006; 

Mechelli et al., 2004; Milad et al., 2005). This association suggests that an increase in gray 

matter corresponds to improved functioning in the relevant area. I hypothesized that higher levels 

of trait mindfulness would be related to increased gray matter volume in DMN regions and other 

regions commonly associated with emotional and self-referential processing. No significant 

findings were found between trait mindfulness facets and regions commonly considered to be 

part of the DMN. However, expanding our search to regions that have been implicated in various 

aspects of emotional processing, we found that gray matter volume in both the left and right 
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putamen is significantly associated with the Non-judgment mindfulness facet (r = 0.590, p = 

0.016 and r = 0.533, p = 0.034, respectively). No other significant relationships were found 

between FFMQ facets and any cortical or subcortical brain region. 

Table 7. Cortical thickness and relationships with trait mindfulness facets, measured by the 
FFMQ. * p <  .05, uncorrected 

 
Exploratory cortical thickness analyses were performed to assess cortical thickness and 

relationships with individual trait mindfulness facets, measured by the FFMQ. Several 

interesting relationships were found between the left hemisphere anterior cingulate with the 

Observing facet (r = -0.594, p = 0.015), the right hemisphere precuneus with the Non-judgment 

facet (r = 0.626, p = 0.010), and several left frontal regions (caudal middle frontal, superior 

frontal, and the three segments of the inferior frontal gyrus [pars opercularis, pars orbitalis, pars 

triangularis]) with the Observing, Awareness, and Non-judgment facet (see Table 7). The full 

table of all relationships from these exploratory analyses are provided in Appendix C (see Table 

C.4 and C.5 for left and right hemisphere, respectively).  
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Table 8. Anatomical regions (Nearest BA within 5mm), Talairach coordinates of the peak 
pairwise t-value voxel and Non-reactivity correlation voxel in each cluster, voxel counts of each 
cluster, and the peak correlation voxel. 
Anatomical Region (BA) x y z Voxels r-value 
Right Medial Frontal Gyrus (8)                                     -7.5             -22.5          +47.5              78                       0.304 
Left Insula (13) +40.5 - 16.5 + 5.5 31 0.284           
Right Inferior Frontal Gyrus (45) - 37.5 - 22.5 + 5.5 22 0.294 
Right Anterior Cingulate (32) - 4.5 - 34.5   + 23.5 21 0.293 

Figure 5. Image depicting clusters of voxels with increased connectivity to the posterior 
cingulate cortex during the negative Stroop task that are significantly related to the Non-
reactivity facet. (a) yellow represents the left insula; (b) green represents the right medial frontal 
gyrus; (c) red represents the right anterior cingulate and green represents the right medial frontal 
gyrus; (d) orange represents the right inferior frontal gyrus.  
 

Analyses were performed to determine if trait mindfulness is related to connectivity 

differences between the posterior cingulate cortex, a major hub of the DMN, and other regions 

associated with processing emotional and self-relevant information during the negative condition 

of the emotional Stroop task. I hypothesized that, during the negative condition of the emotional 

Stroop task, increased connectivity between these regions would be related to higher levels of 

trait mindfulness due to increased involvement of self-regulatory regions during the emotional 
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cognitive tasks. Results of the connectivity analysis (see Table 8; Figure 5) using the posterior 

cingulate cortex as the seed region showed significant relationships between the Non-reactivity 

facet and increased connectivity to the right medial frontal gyrus (r = 0.304, p = 0.005, k  ≥ 21, a 

= 0.05), left insula (r = 0.284, p = 0.005, k  ≥ 21, a = 0.05), right inferior frontal gyrus (r = 

0.294, p = 0.005, k  ≥ 21, a = 0.05), and right anterior cingulate (r = 0.292, p = 0.005, k  ≥ 21, a 

= 0.05). 

Figure 6. Image depicting clusters of voxels with increased connectivity to the posterior 
cingulate cortex during rest that are significantly related to the Non-reactivity facet. (a) Bright 
green represents the left middle frontal gyrus BA 11); (b) orange represents the left medial 
frontal gyrus (BA 11); (c) light orange represents the right medial frontal gyrus (BA 9), red 
represents the anterior cingulate, faded green represents the right medial frontal gyrus (BA 10); 
(d) dark orange represents the right middle frontal gyrus (BA 11). 

Analyses were performed to determine if there is a difference in connectivity in regions 

associated with processing self-relevant information (such as the precuneus and posterior 

cingulate cortex), interoception (such as the insula), and self-regulatory and emotional 

processing (such as the anterior cingulate cortex and medial PFC regions) during resting state in 
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individuals with high levels of trait mindfulness compared to those with lower levels of trait 

mindfulness. Regions chosen for the network were the posterior cingulate cortex, anterior 

cingulate cortex, insula, precuneus, and middle frontal regions. Because of the significant 

relationships found in the task-based analysis between posterior cingulate connectivity and the 

Non-reactivity facet, the resting-state analysis examined only the Non-reactivity facet. Results of 

the connectivity analysis (see Table 9; Figure 6) using the posterior cingulate as the seed region 

showed significant relationships between the Non-reactivity facet and increased connectivity to 

the left middle frontal gyrus (r = 0.190, p = 0.05), right medial frontal gyrus (r = 0.143, p = 

0.05), left medial frontal gyrus (r = 0.114, p = 0.05), and the right anterior cingulate (r = 0.133, p 

= 0.05). These findings are no longer significant after correcting for multiple comparisons. 

Table 9. Anatomical regions (Nearest BA within 5mm), Talairach coordinates of the peak 
pairwise t-value voxel and Non-reactivity correlation voxel in each cluster, voxel counts of each 
cluster, and the peak correlation voxel. 

Anatomical Region (BA) x y z Voxels r-value 
Left Middle Frontal Gyrus (11)                                    +34.5           - 43.5          - 9.5               25                       0.190 
Right Medial Frontal Gyrus (10) -7.5 - 58.5 + 8.5 16 0.143           
Right Medial Frontal Gyrus (9) - 13.5 - 37.5 + 29.5 12 0.135 
Left Medial Frontal Gyrus (11) + 7.5 - 31.5   - 12.5 10 0.114 
Right Middle Frontal Gyrus (11) - 46.5 -43.5 -9.5 5 0.145 
Right Anterior Cingulate (10) -10.5 -37.5 -3.5 5 0.133 

 
 

Discussion 

In Study 3, I sought to examine whether individual differences in trait mindfulness are 

associated with structural and functional differences in brain regions associated with emotional, 

self-regulatory, and self-referential processing. Gray matter volume in the left and right putamen 

was associated with the Non-judgment mindfulness facet, such that higher levels of Non-

judgment were related to greater gray matter volume. There were no significant relationships 
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between trait mindfulness facets and gray matter volume in the regions commonly associated 

with the DMN. The posterior cingulate cortex was significantly associated with the Non-

reactivity facet and increased connectivity to the right medial frontal gyrus, left insula, right 

inferior frontal, and right anterior cingulate during the negative condition of the emotional Stroop 

task. During resting-state, the posterior cingulate cortex was associated with the Non-reactivity 

facet and increased connectivity to the right anterior cingulate, right medial frontal gyrus, and the 

left middle and medial frontal gyrus.  

Behavioral Findings 

Mood Induction  

Investigation of the relationships between trait mindfulness and emotional reactivity 

following mood induction revealed associations between the Non-judging facet and overall 

sadness-related emotional reactivity across the entire mood induction procedure, such that 

individuals with higher levels of Non-judgment were less emotionally reactive to the negative 

mood induction, as well as to the positive mood induction, resulting in less overall change in 

sadness. This result suggests that greater ability to refrain from evaluation, elaboration, and 

modification of one's internal experience in response to outside factors facilitates improved 

emotional processing and responding, resulting in less reactivity to the emotional charge of 

external stimuli, independent of whether it is positively- or negatively-valenced.  

Elaborative processing is thought to draw upon limited attentional and emotional 

resources that might otherwise be directed towards more adaptive emotional processing (e.g., 

Ellis & Ashbrook, 1988), resulting in increased emotional distress. Indeed, previous research has 
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found non-judgment to be the most significant predictor of traumatic stress symptoms (Chopko 

& Schwartz, 2013; Vujanovic et al., 2009), such that increased non-judgment is associated with 

reduced stress symptoms. This result supports the notion that cognitive and emotional reactions 

to traumatic and stressful events often involve judgmental feelings that heighten emotional 

distress (see Chopko & Schwartz, 2013). Because mindfulness promotes an open attitude 

towards emotional experience, the individual can consciously attend to the emotional experience 

in a less biased manner (i.e., non-judgmentally) and can view emotions as transient mental 

events, as opposed to reflections of reality (Hargus et al., 2010). Approaching stressors in this 

way probably permits an enhanced ability to detect if, when, and how an emotion requires 

modulation. In the context of these results, higher levels of non-judgmental mindfulness may 

have permitted (1) less elaborative processing of the emotional statements during the mood 

inductions, (2) less bias and judgment regarding the emotional states that may have been 

triggered when processing the emotional statements during the mood inductions, and (3) the 

ability to acknowledge that the triggered emotional state, whether negative or positive, was 

temporary, resulting in less emotional reactivity.  

Emotional Stroop Task Performance 

Behaviorally, I examined whether emotional Stroop task performance was associated 

with trait mindfulness. The Stroop task measures an individual’s ability to inhibit interfering 

information, and direct and focus their attention. Thus, Stroop interference can shed light on 

one’s cognitive flexibility and attentional control. The emotional Stroop task allows for 

examination of the Stroop effect, or Stroop interference, in the context of emotional content. 

Mindfulness meditation involves enhancing ones’ regulation of attention and meta-awareness, 
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and continually reinvesting attention on a moment-by-moment basis, probably requiring 

enhanced cognitive flexibility and an increased ability to inhibit habitual or conditioned 

responses. Indeed, meditators have exhibited decreased Stroop interference compared to non-

meditators, indicating that habitual, automatic responses can be inhibited, or interrupted, and 

brought back under cognitive control (Moore & Malinowski, 2009).  

Enhanced cognitive flexibility and attentional control cultivated by meditation might be 

evident in individual levels of trait mindfulness in those without meditation experience but that 

still evince high mindful qualities. Therefore, I predicted that individuals with low trait 

mindfulness would experience more interference from negatively-valenced stimuli during the 

negative condition compared to the positive condition due to reduced inhibitory control 

compared to that of individuals with high trait mindfulness. There were no significant differences 

in RT between the positive and negative conditions, and no interference-mindfulness 

associations were observed. These might results suggest intact behavioral inhibitory processing 

in our sample of healthy young adults.  

Other studies have found reductions in Stroop interference in meditators compared to 

non-meditators (e.g., Moore & Malinowski, 2009; Wenk-Sormaz, 2005) using the classical 

Stroop task, suggesting that increased mindfulness is associated with improved cognitive 

flexibility and attentional functions allowing for reductions in distraction susceptibility (cf., Jha 

et al., 2007). The emotional Stroop task used in this study might not be adequate to detect Stroop 

interference related to trait mindfulness. A possible reason for this inadequacy could be that the 

emotional words did not sufficiently interfere with color-naming in a young, intact population. 

Indeed, the emotional Stroop task produces a more reliable Stroop effect in clinical populations 
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than healthy populations when using emotionally charged negative and positive words (Williams 

et al., 1996), similar to those we used here. These findings suggest that valenced words may be 

subjective to more attentional biases in clinical populations than healthy. Thus, when 

investigating the relationship between trait mindfulness and inhibitory processing of emotional 

material, the word stimuli used here might not be well suited to assess mindfulness-related 

attention differences at the behavioral level. They were, however, sufficient to produce 

mindfulness-related attentional differences at the neural level.  

Functional Connectivity  

Functional connectivity during the negative condition of the emotional Stroop task was 

examined using the posterior cingulate cortex as the region of interest. For this analysis, I was 

interested in the connectivity between the region of interest, the posterior cingulate cortex, and 

other regions that are heavily involved in emotional, self-regulatory, and self-referential 

processing. These regions included the medial PFC, anterior cingulate cortex, posterior cingulate 

cortex, precuneus, angular gyrus, amygdala, parahippocampal gyrus, hippocampus, caudate, 

putamen, nucleus accumbens, and insula. These regions have shown relatively consistent 

involvement in various aspects of emotional processing and self-regulation (Phan et al., 2002) 

and many are also associated with the practice of meditation (Brewer & Garrison, 2013; Falcone 

& Jerram, 2018; Garrison et al., 2014). The posterior cingulate cortex is a primary hub for the 

DMN and, thus, a plausible mechanistic target for mindfulness (Brewer & Garrison, 2013).  

The posterior cingulate cortex is known to be heterogeneous in its functioning (for 

example, cognitive control, Leech et al., 2011; attentional focus, Corbetta & Shultz, 2002; 

environmental change detection, Leech et al., 2012; episodic memory retrieval and pain, see 
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Nielsen et al., 2005). Among its many functions is the regulation of attention as it relates to the 

self (see Brewer et al., 2013). As such, the posterior cingulate cortex is a prime candidate for 

examining potential functional connectivity differences during an emotional task as it relates to 

trait mindfulness. I hypothesized that, during the negative condition of the emotional Stroop task, 

increased functional connectivity between the posterior cingulate cortex and these regions would 

be associated with higher levels of trait mindfulness due to increased involvement of self-

regulatory regions during the negative condition compared to the positive condition. My results 

showed significant associations between the Non-reactivity facet and increased connectivity with 

the posterior cingulate cortex and the right medial frontal gyrus, left insula, right inferior frontal 

gyrus, and right anterior cingulate. This association between higher Non-reactivity and increased 

involvement of self-regulatory regions during the negative condition compared to the positive 

condition suggests greater recruitment and engagement of those regions needed to promote 

nonreactivity toward negative external stimuli. The high correlation between the time series of 

the posterior cingulate cortex and both the right medial and right inferior frontal gyrus might 

reflect the process of disengaging attention from potentially distracting stimuli or attempts at 

modulating and inhibiting emotional areas, such as the left insula. The right anterior cingulate 

plays an important role in attentional control and, with the added involvement of regulatory PFC 

areas, suggests enhanced cognitive flexibility and emotional control in those with high trait 

mindfulness during emotional cognition. These findings, along with behavioral relationships 

between trait mindfulness and reduced emotional reactivity after negative mood induction 

(similar to Studies 1 and 2), suggest trait mindfulness supports emotional regulation and 
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flexibility as it relates to the self even in the absence of meditation experience, evident both 

behaviorally and neurally. 

Functional connectivity was assessed during resting-state to determine if trait 

mindfulness is associated with a difference in connectivity in regions related to self-relevant and 

self-regulatory processing. The posterior cingulate cortex was associated with the Non-reactivity 

facet and increased connectivity to the left middle frontal gyrus, right medial frontal gyrus, left 

medial frontal gyrus, and the right anterior cingulate; however, these findings were no longer 

significant after correcting for multiple comparisons. These findings suggest that, when the mind 

is not actively involved in a goal-directed cognitive task eliciting emotional arousal or self-

relevant processes, such as during the emotional Stroop task, the effects of trait mindfulness at 

the neural level may not be evident during resting-state.  

Structural Findings 

Gray Matter Volume 

I investigated whether trait mindfulness was related to gray matter volume in key regions 

that have been implicated in processing emotional and self-relevant information, specifically, 

DMN-related regions. No significant relations were found in the target regions; however, when 

the search was expanded, there were significant relationships between the Non-judgment facet and 

gray matter volume in both the left and right putamen. While the putamen is not a DMN region 

and is not generally considered a primary region for emotional and self-relevant processing, 

relationships between gray matter volume in the putamen and meditation experience have been 

found previously (Pagnoni & Cekic, 2007). Experienced meditators do not exhibit the same age-
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related decline in putamen gray matter volume as non-meditators, suggesting the practice of 

meditation might have neuroprotective effects on the age-related decline of gray matter volume in 

the putamen (Pagnoni & Cekic, 2007). Greater putamen volume in meditators might be related to 

the putamen’s role in conscious regulation of attention and cognitive flexibility, which are specific 

cognitive processes evoked during meditation. Individual trait mindfulness levels were not 

documented in this report, so it is not possible to say which specific mindful quality might lend to 

potential neuroprotective effects in the putamen or if it is the effect of meditation training. There 

are known links between meditation experience and trait mindfulness. Thus, this finding suggests 

that qualities of trait mindfulness in non-meditators are expressed similarly to that of training 

effects in experienced meditators.  

Cortical Thickness 

While it was not a planned analysis, several interesting relationships between trait 

mindfulness and cortical thickness emerged that might inform future hypotheses. Similar to gray 

matter volume, cortical thickness is thought to relate to improved performance (e.g., Dickerson 

et al., 2005), cognitive functioning (e.g., Hartberg et al., 2010), and has also been associated with 

meditation experience (Lazar et al., 2005). In our sample of non-meditators, greater cortical 

thickness in the left anterior cingulate was related to lower levels of the Observing facet. Cortical 

thickness of the anterior cingulate cortex is correlated with higher levels of trait mindfulness in 

meditators (Hölzel et al., 2007; Grant et al., 2010; Grant et al., 2013) and might be connected to 

trait mindfulness by its engagement and involvement in executive attentional control (Lu et al., 

2014). In samples of non-meditators, however, the Observing facet of the FFMQ does not appear 

to accurately measure mindful observation (Baer et al., 2006; See Chapters 2 and 3), but instead 
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appears to be more closely related to inwardly directed, potentially ruminative self-focus (Lilja et 

al., 2013). The link between anterior cingulate thickness and trait mindfulness might not be 

detectable in non-meditators due to lack of experience with the practice of meditation. Thus, the 

specific processes of the anterior cingulate cortex in relation to mindful attention is not 

consistently engaged. Alternatively, it could be that the Observing facet is obscuring 

interpretation of any potential link due to its inaccurate and inconsistent measurement in non-

meditators.  

Cortical thickness of the right precuneus was significantly related to the Non-judgment 

facet. The precuneus is highly involved in self-referential processing and is a major hub of the 

DMN. Increases in precuneus cortical thickness have been reported after only 40 days of 

mindfulness meditation (Yang et al., 2019). Gray matter volume of the precuneus increases with 

meditation experience (see Berkovich-Ohana et al., 2019), but less is known regarding the 

relationship between cortical thickness and trait mindfulness in non-meditators. Thus, this 

finding provides a direction for future research to investigate cortical thickness of the precuneus 

with more targeted approaches to examine how it might be related to qualities of mindfulness in 

non-meditators. 

The Observing, Awareness and Non-judgment facets were related to cortical thickness in 

multiple frontal regions, such that higher levels of these mindful qualities were associated with 

increased cortical thickness. Many of these frontal regions are involved in self-regulation, and 

attentional control and monitoring (e.g., Tang et al., 2007), processes that are integral to 

mindfulness meditation. Previous research has found increased thickness in frontal regions in 

experienced meditators compared to non-meditators (e.g., Kang et al., 2013; Lazar et al., 2005). 
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These results might be explained by activity-dependent cortical plasticity supporting qualities of 

mindfulness evoked during meditation practice such as sustained attention, emotion regulation, 

self-regulation, and executive attentional control. Research in animals and humans have 

demonstrated changes in cortical maps, or cortical plasticity, when a task requires consistent and 

repetitive redirection of attention towards a relevant sensory stimulus (Buonomano & Merzenich, 

1998; Merzenich & DeCharms, 1996). These results suggest that mindful qualities are associated 

with cortical thickness in multiple brain regions implicated in emotional, self-regulatory, self-

referential, and attentional processing. Thus, it might be that trait mindfulness similarly supports 

the qualities promoted by the practice of meditation by way of structural representation in the 

relevant brain regions. These findings provide more information on how mindful qualities might 

be expressed anatomically, even in non-meditators with no history of meditation practice. 

Overall, these findings provide support for the idea that neural and behavioral differences 

reported between meditators and non-meditators might not be solely due to training effects. Trait 

mindfulness effects appear to be expressed similarly to meditation training effects in those 

without meditation experience. My results also suggest that the behavioral and functional 

expression of trait mindfulness might be more evident during emotional cognitive tasks 

involving self-regulatory processing than when the mind is not involved in a directed task. More 

work is certainly needed to understand how brain regions are associated with the practice and 

functional expression of trait mindfulness and how mindfulness-based practices exert positive 

effects on cognitive and emotional processes, supported by altered functional dynamics and brain 

morphometry. Such an understanding could inform applications of mindfulness-based practices 

that are individualized in a way that considers an individual's trait mindfulness level by 
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identifying the appropriate "dose" needed of mindfulness-related practices to achieve the desired 

behavioral, psychological, and neurofunctional benefits.
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CHAPTER 5 

OVERALL CONCLUSIONS 

The overarching purpose of the studies presented here is to ascertain the emotional and 

neural correlates of trait mindfulness in non-meditators. This project aimed to accomplish several 

goals to address outstanding questions regarding the emotional and neural correlates of trait 

mindfulness in individuals with no prior meditation training. I first sought to examine whether 

individuals with higher trait mindfulness experience less negatively-valenced emotional 

reactivity following a negatively-valenced stressor compared to individuals with lower trait 

mindfulness. A secondary aim was to investigate which of the 5 mindfulness dimensions 

measured by the FFMQ provided the best model fit for an overall mindfulness construct in non-

meditating samples. These two aims were achieved in Studies 1 and 2. I then sought to examine 

in Study 3 whether individual differences in trait mindfulness are associated with structural and 

functional differences in the regions of the brain associated with emotion and self-relevant 

processing, commonly considered to be regions associated with the DMN. As with the first two 

studies, I investigated how differences in individual levels of trait mindfulness were related to 

negatively-valenced emotional reactivity.  

Results from Studies 1 and 2 indicate that the Observing and Describing facets do not 

measure the same underlying construct in the general population as it does for meditators. By 

excluding these two facets, a more suitable representation of overall mindfulness, comprised of 

the Awareness, Non-judgment, and Non-reactivity facets, could be constructed. While 

mindfulness is multi-dimensional in nature and should not be solely viewed as a unitary 

construct, assessing trait mindfulness both multi-dimensionally and as an overall, global 
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construct can provide more information on how these qualities interact with one another and how 

they are expressed. In the case of non-meditators, Acting with Awareness, Non-judging, and 

Non-reactivity appear to better capture the overall, or global, measure of mindfulness in a more 

comprehensive and cohesive way, while the Observing and Describing facets appear to index 

qualitatively different constructs than that measured in experienced meditators. 

Further, the results from Studies 1 and 2 suggest that individuals with higher overall 

mindfulness, measured with the three-factor model excluding the Observing and Describing 

facets, exhibit less emotional reactivity in response to environmental factors that exert 

deleterious effects on mood. These results are consistent with prior work (see Chapter 1; e.g., 

Britton et al., 2012; Creswell & Lindsay, 2014) and suggest that the attenuating effects of 

mindfulness on subjective emotional intensity might result from the specific mindful qualities of 

present moment awareness, non-judgment, and non-reactivity. These mindful attributes might 

facilitate a more adaptive and objective means of reacting to negative external stressors as 

opposed to habitual conditioned response patterns (Taylor et al., 2011). It might be that high trait 

mindfulness, even in the absence of previous mindfulness experience and training, endows one 

with more adaptive emotion-regulation ability and emotional flexibility in the presence of a 

stressor, resulting in less emotional reactivity in the behavioral response.  

Results from Study 3 indicate that, during an emotional attention task, those with higher 

levels of Non-reactivity exhibit increased involvement in brain regions that support emotion 

regulation and flexibility as it relates to the self. My results revealed a relationship between trait 

mindfulness and increased connectivity between regulatory regions and those regions that 

support self-referential processing during the negative attention task. These findings suggest that 
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certain qualities of trait mindfulness in non-meditators afford similar neurofunctional benefits as 

has been seen in experienced meditators when processing affective stimuli related to one's self. 

Indeed, individuals with low to moderate levels of meditation practice might exhibit increased 

neural processing of emotional stimuli (cf., Brefczynski-Lewis et al., 2007; Lutz et al., 2008), 

however, they do not exhibit increased behavioral emotional reactivity in response to the 

increased processing of affective material (e.g., Studies 1 and 2 presented here; Britton et al., 

2012). This increased processing of emotional stimuli is consistent with theories of mindfulness 

and indicate the acceptance of emotional stimuli, possibly reflecting enhanced present-moment 

awareness and acceptance.   

Indeed, these qualities of present-moment awareness with a curious, open (i.e., non-

judgmental), and accepting (i.e., non-reactive) orientation are considered essential to the 

foundation of mindfulness (Bishop et al., 2004). In both meditating and non-meditating samples, 

these three mindfulness dimensions appear to index the intended construct of awareness, non-

reactivity, and non-judgment and function in accordance with one another. Further, these 

mindfulness dimensions appear to index qualitatively similar constructs across populations with 

varying levels of meditation experience. Measuring the qualities of observation and description, 

however, appear to be more nuanced in populations without meditation experience and seem to 

index qualitatively different constructs than that measured in experienced meditators.  

The quality of present-moment observation is consistently emphasized in all operational 

definitions of mindfulness and represents the core of mindfulness (e.g., Baer et al., 2008); 

however, the contradictory measurement of mindful observation using the FFMQ Observing 

facet reveals a clear discrepancy in the way this quality is expressed and understood between 



 

74 

meditators and non-meditators. The measurement of observational tendencies in meditators using 

the Observing facet typically reveals positive relationships with other mindful and adaptive 

psychological functioning and reveals inverse relationships with maladaptive psychological 

functioning. The measurement of observational tendencies in non-meditators using the 

Observing facet, however, typically reveals the opposite pattern. These patterns suggest that 

present-moment observation of internal and external experiences might be performed in a 

judgmental, self-critical, and reactive way (inconsistent with mindfulness), or in an open and 

curious way (consistent with mindfulness; e.g., Baer et al., 2006, 2008). Indeed, previous 

literature has revealed that self-focused attention might be maladaptive in non-meditators 

(Bögels & Mansell, 2004). Mindful observation appears to develop with meditation experience, 

suggesting that the construct of Observing is not unitary and changes with meditation experience. 

Further, the Describing facet does not always exhibit consistent associations with psychological 

variables, as the other three mindfulness facets do in non-meditators. Taken together, these 

findings suggest that the quality of observing and describing internal and external experiences 

varies depending on meditation experience and that evaluating these qualities as unitary 

constructs across populations might not be accurate. Understanding these constructs and how 

these mindful qualities are expressed depending on meditation experience, especially the 

Observing facet, could provide an important therapeutic marker to indicate training progression 

and efficacy during mindfulness-based practices and interventions.  

The findings presented here have implications for mindfulness-based training regimens 

when implemented to promote more adaptive emotion processing and regulation. Emotion 

regulation refers to the ability to modulate one's emotional state by shaping how the emotions 
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themselves are regulated. Specifically, emotion regulation involves engaging processes to control 

when emotions are experienced, what emotions are experienced, how they are experienced, and 

how those emotions are subsequently expressed. Several studies support the relationship between 

mindfulness and adaptive emotion regulation, suggesting that the quality of mindfulness 

promotes enhanced emotional stability and more efficient self-regulation (e.g., Arch & Craske, 

2006). The link between adaptive emotion regulation and trait mindfulness has been firmly 

established in those with meditation experience. However, the link between enhanced emotion 

regulation, and more specifically, the process of emotion regulation that refers to how emotions 

are expressed (i.e., the emotional reaction), and trait mindfulness has not been clearly established 

in those without any previous meditation training or experience.  

Understanding the relationship between this dispositional quality of mindfulness and how 

exactly it might impact emotion regulation is crucial for several reasons. One important reason is 

that, currently, there is a broad array of training regimens designed to promote mindfulness. 

Mindfulness-based interventions encompass numerous meditation-related practices and 

psychological interventions that target the concept of mindfulness such as mindfulness-based 

stress reduction (MBSR; Kabat-Zinn, 1990), mindfulness-based cognitive therapy (MBCT; 

Teasdale et al., 2000), acceptance and commitment therapy (Hayes et al., 2006), and dialectical 

behavior therapy (Linehan, 1993). Mindfulness-based interventions range from one-on-one 

client-centered therapy to large group-based interventions and include components that are 

outside of formal meditation practice but are still behaviors believed to promote states of 

mindfulness. Some mindfulness-based practices include psychoeducation and other non-

mindfulness therapeutic ingredients (see Gu et al., 2015). These types of informal practices are 
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likely to promote and cultivate qualities in addition to mindfulness. The important question, 

however, is whether these additional qualities gained from mindfulness-based practices are 

necessary for the desired therapeutic outcome, whether it be behavioral, psychological, or 

physiological. It is unknown whether those practices are centered around optimizing the most 

appropriate "active ingredient," or practice, that drives the therapeutic outcome and effects (e.g., 

Guendelman et al., 2017), or if the therapeutic benefits result from a combination of fostering 

various adaptive qualities and behaviors through a diversity of practices. Without knowing what 

qualities are cultivated by each specific component of an intervention, it is difficult to gauge 

what specific aspect of intervention results in the outcome.  

With the adoption of mindfulness in an increasing number of mindfulness-based 

interventions used for both clinical and healthy populations, there is a great need to understand 

the link between the specific quality that is fostered and the desired outcome in order to 

determine if the intervention is appropriate. These links can be better understood by examining 

the associations between the dispositional trait in question and the desired behavioral outcome. 

For example, if trait mindfulness in untrained individuals affords the same trend in benefits to 

emotion regulation as that seen in trained experienced meditators, albeit to a lesser extent, then 

the focus for an intervention that aims to improve emotional processing should be on cultivating 

that specific quality of trait mindfulness. Alternatively, if trait mindfulness in untrained 

individuals does not impart the same physiological benefits, such as pain relief, as it does in 

trained experienced meditators (Kabat-Zinn et al., 1985), then perhaps the additional qualities 

one fosters during mindfulness-based interventions provide more physiological benefits than that 

solely of trait mindfulness, as it is measured by the FFMQ. However, it is reasonable to believe 
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that trait mindfulness in conjunction with the additional qualities cultivated during mindfulness-

based practices aids in the desired outcome of these practices. 

Establishing the relationship between how trait mindfulness in non-meditators impacts 

emotion regulation, and emotion processing in general, is crucial not only to optimize the desired 

therapeutic effects by enhancing the appropriate active ingredient in a mindfulness-based 

intervention, but also to determine the optimal "dose" needed of that particular intervention. The 

quality of mindfulness is thought to be strengthened with practice (Kabat-Zinn, 1990), and 

common theories of mindfulness suggest that greater doses of mindfulness-based practices are 

associated with greater benefit to psychological outcomes. However, it is not currently known 

whether it is more effective, in terms of desired outcomes, to practice several times briefly every 

day or to practice less frequently, but for a longer duration. The optimal dosage probably 

depends heavily on the desired outcome, as the dosage needed to decrease daily stress probably 

differs considerably from the dosage needed to alleviate severe anxiety (cf. Van Dam et al., 

2018). Several reasons exist as to why a "less is more" approach might not be practical for 

mindfulness-based interventions, including the time commitments of these practices that might 

bar individuals from beginning or finishing an intervention (e.g., Shapiro et al., 2005), the cost 

that might be associated with mindfulness-based interventions, and potential adverse emotional 

experiences that might result in some populations (cf. Lindale et al., 2017). 

Attrition rates in structured mindfulness-based interventions, like MBCT or MBSR (e.g., 

Kabat-Zinn & Chapman-Waldrop, 1988; Crane & Williams, 2010), are reported to range 

anywhere from 15% to 37% (Banerjee et al., 2017). These high attrition rates suggest difficulties 

adhering to the time commitments necessary in these interventions (Shapiro et al., 2005). The 
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large time commitment of these interventions and practices are reported as key barriers that 

prevent individuals from engaging with mindfulness practices (Banerjee et al., 2017).  Many 

mindfulness-based interventions involve intensive, and expensive, meditation retreats, but it is 

unclear to what extent intensive, immersive experience impacts the therapeutic outcome. In an 

effort to make mindfulness-based practices more accessible, a number of digital media have 

become available (Plaza et al., 2013). These tools range from smartphone apps, brief self-help 

programs adapted from MBSR and MBCT programs, to online standardized mindfulness-

training programs designed to confer the same benefits as in-person training programs. These 

tools deliver what is considered to be a lower dose of mindfulness meditation practice than that 

of in-person, standardized mindfulness-based interventions, but studies have reported increased 

engagement and similar psychological health benefits with these brief, more accessible forms of 

intervention (e.g., Berghoff et al., 2017; Schumer et al., 2018; Spijkerman et al., 2016; Virgili, 

2015).  

With an increased interest and availability of mindfulness-based interventions, research 

must strive to fully understand the underlying mechanisms driving these outcomes in order to 

more effectively utilize these approaches in clinical and non-clinical populations. By ascertaining 

the behavioral and neural expression of trait mindfulness as it relates to emotional processing, 

more information can be gained on what core features of mindfulness might facilitate more 

adaptive emotion processing. Additional research is certainly needed to understand the exact 

mechanisms by which individuals mindfully process and regulate emotions and which core 

features of mindfulness (e.g., non-judgment, non-reactivity, present moment awareness or 
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acceptance) might lead to this facilitation. This knowledge might assist in the development of 

individualized, targeted interventions.   

In conclusion, the findings from my neuroimaging and behavioral studies suggest that the 

dispositional, intrinsic quality of mindfulness may yield similar clinical health benefits to that 

seen in experienced meditators. Studies 1 and 2 showed that higher trait mindfulness is related to 

less negatively-valenced emotional reactivity, similar to that seen in experienced meditators. 

Study 3 showed that higher trait mindfulness is related to increased emotional processing and 

self-regulation at the neural level during cognitive emotional processing, similar to that seen in 

meditators with moderate experience. These findings provide more insight and understanding of 

which aspects of mindfulness foster more adaptive emotional processing and emotion regulation, 

thus strengthening the empirical basis for therapeutic application of mindfulness-based practices 

in clinical and non-clinical populations.  
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APPENDIX A 
 

CHAPTER 1 TABLES 
 
Table A1. Study 1 correlation matrix between FFMQ facets, overall mindfulness score (three-
factor), BDI, RRS, and absolute change in mood. Absolute change in mood after negative 
induction (“change sadness”, “change happiness”, and “change anxiety”), absolute change in 
mood after positive induction (“sadness rebound”, “happiness rebound”, and “anxiety rebound”), 
and absolute change in mood across the entire study procedure (“sadness overall”, “happiness 
overall”, and “anxiety overall”). FFMQ total represents the overall mindfulness score including 
Acting with Awareness, Non-reactivity, and Non-judging.  
* p <  .05, two-tailed 
** p <  .01, two -tailed 
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Table A2. Study 1 Cronbach’s alphas for mood assessments of self-reported sadness, anxiety, 
and happiness. Baseline mood assessment (EVEA 1), after negative induction mood assessment 
(EVEA 2), and after positive induction mood assessment (EVEA 3). 
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APPENDIX B 
 

CHAPTER 2 TABLES 
 

Table B1. Study 2, session one correlation matrix between FFMQ facets, overall mindfulness 
score (three-factor), BDI, RRS, and absolute change in mood. Absolute change in mood after 
negative induction (“change sadness”, “change happiness”, and “change anxiety”), absolute 
change in mood after positive induction (“sadness rebound”, “happiness rebound”, and “anxiety 
rebound”), and absolute change in mood across the entire study procedure (“sadness overall”, 
“happiness overall”, and “anxiety overall”).  
* p <  .05, two-tailed 
** p <  .01, two -tailed 
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Table B2. Study 2, session two correlation matrix between FFMQ facets, overall mindfulness 
score (three-factor), BDI, RRS, and absolute change in mood. Absolute change in mood after 
negative induction (“change sadness”, “change happiness”, and “change anxiety”), absolute 
change in mood after positive induction (“sadness rebound”, “happiness rebound”, and “anxiety 
rebound”), and absolute change in mood across the entire study procedure (“sadness overall”, 
“happiness overall”, and “anxiety overall”). 
* p <  .05, two-tailed 
** p <  .01, two -tailed 
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Table B3. Study 2, session one and two Cronbach’s alphas for mood assessments of self-reported 
sadness, anxiety, and happiness. Baseline mood assessment (EVEA 1), after negative induction 
mood assessment (EVEA 2), and after positive induction mood assessment (EVEA 3)  
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APPENDIX C 
 

CHAPTER 3 TABLES 
 

Table C1. Study 3 correlation matrix between FFMQ facets, overall mindfulness score, RRS, 
BDI, and absolute change in mood.  
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Table C2. Study 3 Cronbach’s alphas for mood assessments of self-reported sadness, anxiety, 
and happiness. Baseline mood assessment (EVEA 1), after negative induction mood assessment 
(EVEA 2), and after positive induction mood assessment (EVEA 3) 

 
 
Table C3. Study 3 correlations between FFMQ facets, average reaction time to correctly identify 
a color during the negative and positive condition during the emotional Stroop task, and average 
accuracy rate during the negative and positive condition.  
* p <  .05, two-tailed 
** p <  .01, two -tailed 
 

Variable 1 2 3 4 5 6 7 8 9 

1.  Negative Average RT  1         

2. Positive Average RT 0.999** 1        

3. Negative Accuracy 0.437 0.435 1  .     

4. Positive Accuracy 0.166 0.167 0.498 1      

5. Observe 0.083 0.065 0.209 0.100 1     

6. Describe -0.284 -0.297 -0.545* -0.394 0.095 1    

7. Aware 0.025 0.007 0.079 -0.173 0.545* 0.364 1   

8. Nonjudge -0.226 -0.250 -0.033 -0.594* 0.402 0.325 0.568* 1  

9. Nonreact -0.282 -0.312 0.148 -0.146 0.424 0.120 0.437 0.767** 1 
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Table C4. Cortical thickness and FFMQ facet correlations in the left hemisphere. *  p <  .05 
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Table C5. Cortical thickness and FFMQ facet correlations in the right hemisphere. *  p <  .05 
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