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Abstract  

Mindfulness has been described as an orientation of attention to the present moment, with 

openness and compassion. Individuals displaying high trait mindfulness exhibit this tendency as 

a more permanent personality attribute. The goal of this study was to gain insight on the neural 

substrates of trait mindfulness. Twenty-eight undergraduate students completed a measure of 

trait mindfulness, the Five-Facet Mindfulness Questionnaire (FFMQ), before undergoing a 

structural and a seven-minute resting state functional MRI scan. Resting-state data were analyzed 

using independent-component analyses. Individual differences on FFMQ scores were related to 

individual differences in functional connectivity of eight resting state networks. We found that, 

1) cognitive and sensory networks provide valuable information on the neural substrates of trait 

mindfulness; and 2) trait mindfulness associated with greater integration of neural regions related 

to bodily sensation. This study supports the notion that trait mindfulness is associated with 

functional areas related to cognition and sensation.   
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Chapter 1: Introduction 

 

I. What is Mindfulness?  

The term “mindfulness” is translated from the Pali word “sati”, referring to one of the 

seven enlightenment factors (Antonova, Amaratunga, Wright, Ettinger, & Kumari, 2016; 

Wheeler, Arnkoff, & Glass, 2017). Translating this term in a way that is both accessible and 

culturally relevant without losing elements of the term’s meaning in Buddhist traditions has been 

difficult for researchers, practitioners, and clinicians alike (Baer, 2011). This challenge is 

partially notable in the slightly different translations of the word “sati”. While the root of the 

word refers to remembering, the meaning may be more closely translated to “[keeping] 

awareness of one’s practice” (Antonova et al., 2016, p.1) or a state of mind that attends to the 

present (Wheeler et al., 2017). Despite this nuance, the most well-known and widely used 

definition of mindfulness was proposed by Dr. Jon Kabat-Zinn, a scientist who studied under 

Buddhist scholars and subsequently developed the mindfulness-based stress reduction (MBSR) 

program (Kabat-Zinn, 1994). He defines mindfulness as a process that involves paying attention 

in the moment, purposefully and nonjudgmentally (Kabat-Zinn, 1994). It is this definition that 

most scholars use as a foundation and will often expand with further explanation.  

Antonova and colleagues (2016) further describe mindfulness as a process in which one 

initially uses bodily sensations to develop an awareness of thoughts and feelings to the point 

where a complete, internal, present awareness is acquired. Shapiro, Carlson, Astin, and 

Freedman (2006) suggest that the way an individual practices mindfulness is imperative to the 

process and should include pre-set intentions (i.e., an intention to practice self-compassion) and 

an attitude of acceptance, kindness, and openness to the experience rather than being cold or 

critical. This explanation of attitude is emphasized by others as well, and it is widely believed 
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that openness, compassion, and affection are imperative attitudes to adopt in order to achieve a 

positive outcome (Baer, 2011; Bishop et al., 2004; Brown & Ryan, 2003; Kabat-Zinn, 1994; 

1990).  

The process of mindfulness results in a perspective shift, called re-perceiving, in which an 

individual develops a curiosity of their internal experiences and detaches the content of their 

thoughts and feelings from the self (Baer, 2011; Shapiro et al., 2006). Detachment in this context 

occurs as an individual becomes aware of their thoughts, feelings, or sensations, but are not 

consumed by them (Baer, 2011; Shapiro et al., 2006). In this way, an individual may be aware of 

their thoughts, feelings, and sensations, but they do not identify with them as part of who they 

are. This perspective is valuable both for self-acceptance and for reflection that eliminates 

negative self-evaluation (Farb, Anderson, & Segal, 2012).  

The concepts of mindfulness have been integrated into Western culture and used in a 

variety of meditative and therapeutic techniques including MBSR, mindfulness-based cognitive 

therapy (MBCT), and dialectical behaviour therapy (DBT; e.g., O’Connell & Dowling, 2014; 

Raja-Khan et al., 2015; Williams et al., 2008). Reports of the benefits of mindfulness practice are 

extensive. Significant reductions in self-reported stress (Cavanagh, Strauss, Cicconi, Griffiths, 

Wyper, & Jones, 2013), increased pain tolerance (Farb, Anderson, & Segal, 2012), reduced 

maladaptive dependency (McClintock, Anderson, & Cranston, 2015), increased self-esteem 

(Bajaj, Robins, & Pande, 2016), enhanced emotional regulation (Tabak, Horan, & Green, 2015), 

reduced substance cravings (Witkiewitz, Bowen, Douglas, & Hsu, 2013), and overall quality of 

life (Chiesa et al., 2015) represent some of these benefits. Reduced symptoms in a variety of 

disorders following mindfulness practice have also been described, including for those diagnosed 

with depression (e.g., Cavanagh et al., 2013; Chiesa et al., 2015), depressive relapse (Teasdale, 
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Segal, & Williams, 1995), bipolar disorder (Ives-Deliperi, Howells, Stein, Meintjes, & Horn, 

2013; Perich, Manicavasagar, Mitchell, & Ball, 2013; Williams et al., 2008), anxiety (Cavanagh 

et al., 2013), chronic dysphoria (Farb et al., 2012), and borderline personality disorder 

(O’Connell & Dowling, 2014). With such widespread relevance to both clinical and non-clinical 

populations, an interest in a more comprehensive understanding of mindfulness has developed.  

II. The Mindful Brain: Structural and Functional Neuroimaging Studies of Mindful 

Meditation 

With the popularity of mindfulness in both clinical and non-clinical populations, there is a 

growing body of information helping to elucidate the neural correlates of its practice. 

Mindfulness has consistently been associated with greater emotional processing correlated with 

attenuation of the amygdala and hippocampal gyrus (Lutz et al., 2014) and reduced mind 

wandering correlated with lower activity in the dorsomedial prefrontal cortex (DMPFC) and the 

ventromedial prefrontal cortex (VMPFC; Farb et al., 2007). Mindfulness has also been 

associated with more focused attention correlated with increased activity in the insular cortex 

and dorsolateral (DL) and ventrolateral (VL) PFC (Farb et al., 2013) and an improved ability to 

maintain present awareness correlated with increased activity in the anterior cingulate cortex 

(ACC; Hasenkamp, Wilson-Mendenhall, Duncan, & Barsalou, 2012). Indeed, other studies have 

produced similar results (i.e., Dickenson, Berkman, Arch, & Lieberman, 2013; Frewen et al., 

2010; Gotnik, Meijboom, Vernooij, Smits, & Hunink, 2016; Haase et al., 2016; Kong, Wang, 

Song, & Liu, 2016; Tomasino & Fabbro, 2016). 

Some of these findings have been elucidated from measuring changes following the 

completion of a mindfulness program. Haase and colleagues (2016) investigated neural patterns 

in U.S. Marines who completed or did not complete a Marine-specific mindfulness training 
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program. During a stressful breathing task, Marines who completed the mindfulness training 

program showed greater activation in the right insula and anterior cingulate gyrus compared to 

controls. The authors suggested that mindfulness training alters the brain’s response to aversive 

situations by recruiting structures involved in integrating and facilitating cognitive control 

(Haase et al., 2016). In a task-based fMRI study, Tomasino and Fabbro (2016) identified neural 

changes after an eight-week mindfulness training program. The authors reported an increase in 

DLPFC associated with a sustained focus of attention, an increase in caudate and insula 

activation associated with directing attention and present-focused awareness, and a decrease in 

rostral PFC activation associated with reduced mind wandering.  

In a meta-analysis investigating the effects of mindfulness training programs (MBSR or 

MBCT) on the brain, Gotnik and colleagues (2016) identified a number of structural and/or 

functional differences. Overall, following one of these mindfulness training programs, the PFC 

was correlated with an increase in activity, the amygdala was correlated with a decrease in 

activity, and grey matter concentration in the hippocampus increased. The authors also found 

that a measure of mindfulness positively associated with the left insula. They surmised that the 

hippocampus and PFC are involved in emotional regulation, with the PFC also being involved 

with inhibition of the amygdala for reappraisal of emotional responses. They further suggested 

that the insula, which is involved in perception, may connect the neural representations of 

sensory stimuli to emotions. Combined, these studies provide evidence linking various aspects of 

mindfulness to distinct patterns of neural activity. 

III. Experienced and Novice Meditators 

Many studies indicate that short-term mindfulness practice is beneficial and results in 

neural structural and functional changes (see Gotnik et al., 2016 for a review). However, to 
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elucidate the more permanent changes following mindfulness training, comparisons of neural 

patterns between experienced and novice meditators is essential. Wheeler and colleagues (2017) 

suggest that individuals who engage in mindful practices are more likely to display a greater 

level of mindfulness over time, with these changes being reflected in both brain structure and 

function. A number of studies provide support for this notion (i.e., Brewer, Worhunsky, Gray, 

Tang, Weber, & Kober, 2011; Dickenson et al., 2013; Grant, Courtemanche, & Rainville, 2011; 

Lutz, Brühl, Scheerer, Jäncke, & Herwig, 2016; Taylor et al., 2011; 2013).  

Several studies have indicated that novice meditators engage in a more active emotional 

regulation process than experienced meditators, with novices demonstrating reduced activation 

in the amygdala (Taylor et al., 2011). This suggests that individuals engaged in long-term 

mindfulness practices require less overt emotional regulation (bottom-up processing) and exert 

more cognitive control (top-down processing; Chiesa, Serretti, & Jakobsen, 2013). Experienced 

meditators have also been shown to exhibit reduced activity in regions associated with mind 

wandering, including the posterior cingulate cortex (PCC) and MPFC, in comparison to non-

meditators (Brewer et al., 2011; Dickenson et al., 2013). Lutz and colleagues (2016) 

demonstrated similar results with their fMRI study. In this study, participants were instructed to 

engage in self-reflection, self-awareness, or rest during their scan. The authors reported a greater 

reduction in prefrontal regions in experienced meditators compared to novices during periods of 

self-awareness (Lutz et al., 2016).  

Grant and colleagues (2011) reported that experienced meditators demonstrate a difference 

in neural responses to pain than meditation-naïve individuals. When painful stimuli were applied, 

experienced meditators showed stronger activity in regions associated with pain processing, 

including the ACC, thalamus, and insula. Decreased activity was seen in regions associated with 
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memory and emotion, including the PCC, hippocampus, and amygdala. Furthermore, meditation-

naïve individuals had stronger activations in the MPFC and DLPFC, amygdala, and 

hippocampus. The authors surmised that meditation practitioners engaged in less stimulus 

evaluation (PFC), less self-reflective processing (PFC and PCC), and greater present-moment 

awareness, reducing memory-related thoughts such as judgment or appraisal (hippocampus and 

amygdala).  

These studies indicate that there is a clear difference in neural profiles of experienced and 

novice meditators. One of the reasons may be related to the amount of deliberate effort required 

to practice mindfulness. Wheeler and colleagues (2017) suggest that mindfulness becomes akin 

to a personality attribute in experienced meditators, whereas novices may exhibit mindful 

tendencies situationally with deliberate effort. This distinction is an important consideration not 

only for comparison between studies but also for clarity in the interpretation of study results.  

IV. Trait Mindfulness   

Mindfulness may be divided into two categories, state/intentional or trait/dispositional 

(Wheeler et al., 2017). This study will use the terms state and trait mindfulness rather than 

intentional and dispositional, although they are used interchangeably in the literature. State 

mindfulness is a practice that is considered context-specific and may change on a moment-to-

moment basis (Tanay & Bernstein, 2013), as it refers to the intentional, deliberate practice of 

mindfulness (Wheeler et al., 2017). Trait mindfulness, on the other hand, is considered a more 

permanent personality characteristic that requires less deliberate effort and is applied consistently 

across experiences and contexts; that is, an individual who mindfully pays attention to their 

surroundings and experiences (Tanay & Bernstein, 2013; Wheeler et al., 2017). Wheeler and 

colleagues (2017) suggest that people may exhibit more trait mindfulness after training or they 
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may be naturally inclined towards paying attention to their surroundings in the present moment. 

Despite the specific method, Wheeler and colleagues (2017) indicate that people with higher trait 

mindfulness exhibit different neural profiles than those with lower trait mindfulness and 

experienced meditators may exhibit neural profiles similar to those with higher trait mindfulness.  

A number of studies have been conducted investigating the neural basis of trait 

mindfulness. Dickenson and colleagues (2013) observed that during a focused breathing task, 

people who scored higher on a measure of trait mindfulness recruited regions related to 

orientation (the temporoparietal junction) and sustaining of attention (the superior parietal lobule 

and DLPFC) more than people with lower trait mindfulness scores. Creswell, Baldwin, 

Eisenberger, and Lieberman (2007) compared levels of trait mindfulness to neural activation 

patterns during an affect labeling task. They reported that during labeling, trait mindfulness was 

associated with a reduced amygdala response and more widespread PFC activation, highlighting 

especially heightened activity in the MPFC. Creswell and colleagues (2007) interpreted their 

findings to suggest that during affect labeling, greater trait mindfulness is linked to cortical 

regulation of limbic responses. A component of trait mindfulness, observing your thoughts, 

feelings, and emotions, has also been shown to predict activation of neural regions during 

attending to one’s emotions (Frewen et al., 2010). Observing in the context of trait mindfulness 

positively correlated with the DMPFC while individuals experienced both negative and positive 

audio emotional vignettes (Frewen et al., 2010). The authors suggested that this activation 

provides evidence that mindfulness involves an internal emotional reflective process that recruits 

the DMPFC.  

In a study investigating neuroanatomical differences associated with trait mindfulness, Lu, 

Song, Xu, Wang, Li, and Liu (2014) identified a positive correlation between trait mindfulness 
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and grey matter volume in the bilateral anterior cingulate cortex (ACC) and a negative 

correlation with the left orbitofrontal cortex (OFC). The ACC has been implicated in emotional 

processing (Mohanty et al., 2007), thus the ACC demonstrating a larger volume in individuals 

high in trait mindfulness is consistent with its definition (Lu et al., 2014). Currently, there are 

few studies investigating the relationship between trait mindfulness and its neural correlates in 

the absence of a behavioural task, representing a deficit in this area.  

V. Functional Connectivity and its Potential Relationship to Mindfulness 

While most previous studies have focused on participants’ responses to stimuli, these 

studies do not provide detailed information about individual differences in baseline brain 

activity, called functional connectivity. Functional connectivity refers to neural activity between 

anatomically separated regions that are synchronized temporally and functionally coordinated 

(Rosazza & Minati, 2011; van den Heuvel & Hulshoff Pol, 2010). This temporally synchronous 

activity shows how various areas of the brain may perform similar functions and demonstrates 

how the brain integrates information (van den Heuvel & Hulshoff Pol, 2010). Functional 

connectivity is often measured while an individual is “at rest”, meaning that an individual is 

awake but is not engaging in any task. While resting, there is a high level of spontaneous neural 

activity. Spontaneous neural activity that is correlated in time and is seen while an individual is 

resting is called resting state functional connectivity (Rosazza & Minati, 2011; van den Heuvel 

& Hulshoff Pol, 2010).  

Research on the relationship between mindfulness and functional connectivity is growing. 

In a task-negative study investigating the relationship between trait mindfulness and functional 

connectivity, Kong and colleagues (2016) identified positive correlations between trait 

mindfulness and the left OFC and the right insula. They suggested that individuals with higher 
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trait mindfulness may show more spontaneous connectivity in the OFC to reflect greater hedonic 

well-being and subsequent positive affect. The positive association with the insula suggests a 

greater bodily awareness (Kong et al., 2016). Taylor and colleagues (2013) identified changes in 

functional connections in experienced meditators relative to novices. Stronger functional 

connections were seen between the inferior parietal lobule (IPL) and the DMPFC. The authors 

identified the benefits of an enhanced connection between these regions to present moment 

awareness and the use of emotional resources, suggesting that mindful practices enhance 

attention and emotional regulation (Taylor et al., 2013). Grant and colleagues (2011) further 

reported differences between meditators and non-meditators in functional connectivity associated 

with pain sensitivity. They illustrated that meditators who reported the highest pain threshold 

(lowest pain sensitivity) had the weakest connection between the DLPFC and ACC, and 

meditators in their study showed an overall reduced connectivity between these areas (Grant et 

al., 2011). 

VI. Resting State Networks 

While these studies identified functional connectivity between specific nodes, collections 

of these nodes that are associated with spontaneous fluctuations of correlated activity during rest 

are called resting state networks. These networks exhibit similar functions and consist of 

overlapping or non-overlapping regions that remain functionally connected with one another 

through ongoing communication (Rosazza & Minati, 2011; van den Heuvel & Hulshoff Pol, 

2010). Resting state networks are critically important for brain functioning. Indeed, these 

networks consume greater than 80% of the energy used by the brain while at rest (Rosazza & 

Minati, 2011). Thus, these networks demonstrate how the underlying functionality of neural 

mechanisms serve as a basis for the study of the brain, representing a baseline level of neural 
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functioning (Damoiseaux & Greicius, 2009). Many resting state networks have been identified to 

date; however, this study will consider the eight most prevalent in the literature (van den Heuvel 

& Pol, 2010). 

The aim for this study was to relate trait mindfulness to functional connectivity in eight 

commonly studied resting state networks. These include the default mode network (DMN), 

salience network (SN), central executive control network (CEN), dorsal attention network 

(DAN), ventral attention network (VAN), sensorimotor network (SMN), visual network (VN), 

and auditory network (AN; Bressler & Menon, 2010; Damoiseaux & Greicius, 2009; Raichle, 

2015; Rosazza & Minati, 2011; van den Heuvel & Hulshoff Pol, 2010), seen below in Figure 1. 

The first five networks, the DMN, SN, CEN, DAN, and VAN, represent regions involved in 

cognition and attention, and thus will be termed cognitive and attentional networks for this study. 

The latter three networks, the SMN, VN, and AN, represent regions involved in sensory 

functions, and thus will be termed sensory networks for this study.  

 

Figure 1. Neural regions comprising seven resting state networks. Figure from Raichle (2015). 
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a. Cognitive and Attentional Networks 

The DMN is the most studied network because of its distinctiveness from the others 

(Raichle, 2015). Anatomically, the DMN includes the PCC, precuneus, retrosplenial cortex 

(RSC), the inferior parietal cortex (IPC), the MPFC, and the medial temporal lobe (MTL) 

(Damoiseaux & Greicius, 2009). Functional connectivity in the regions it comprises are inversely 

correlated with an individual’s arousal and effort; that is, it is activated more intensely during 

restful states than during the performance of perceptually or cognitively demanding tasks 

(Bressler & Menon, 2010). This suggests that activity in the DMN represents “a default state of 

neuronal activity” in the brain (van den Heuvel & Hulshoff Pol, 2010, p. 524). DMN functions 

have been linked to self-referential mental activity (Davey, Pujol, & Harrison, 2016), emotional 

processing (Sreenivas, Boehm, & Linden, 2012), mind-wandering (i.e., Brewer et al., 2011; 

Taruffi, Pehrs, Skouras, & Koelsch, 2017), and the monitoring of the external environment 

(Bressler & Menon, 2010; van den Heuvel & Hulshoff Pol, 2010). Previous research has shown 

that the functional connectivity of the DMN may be related to mindful states. To illustrate, 

Taylor and colleagues (2013) compared functional connectivity in the DMN of beginner and 

experienced meditators and found that stronger connectivity was observed between the right IPL 

and DMPFC during a resting state for experienced meditators. This was interpreted as relating to 

enhanced present moment awareness, which is a key feature of mindfulness training (Taylor et 

al., 2013). These researchers also found that increased connectivity was observed between the 

IPL and PCC. Reduced connectivity between these regions is associated with heightened self-

referential thought processes; thus, a decrease in the coupling of these regions suggest that 

experienced meditators exhibit less self-referential mental activity (Taylor et al., 2013).  
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The SN includes the medial and superior frontal gyri, insula, and ACC (Bressler et al., 

2010; Rosazza & Minati, 2011). The SN is involved with orienting an individual’s attention to 

external and internal events based on sensory and limbic inputs while also mediating functions 

between the other networks (Bonnelle et al., 2012; Bressler & Menon, 2010; Seeley et al., 2007). 

These functions make the SN relevant to an investigation of the neural correlates of trait 

mindfulness.  

The CEN is a task-positive network involved with several executive processes including 

attentional control, and also demonstrates functions related to memory, language, and visual 

processes (Bressler & Menon, 2010; Rosazza & Minati, 2011). Anatomically, this network 

includes the inferior and medial frontal gyri, precuneus, and the inferior parietal and angular gyri 

(Rosazza & Minati, 2011). Features of the CEN that make it an important network for the current 

study are its functions in attention and controlling cognition. Hasenkamp and colleagues (2012) 

suggest that the ability to control cognition, such as by focusing on a task, may have implications 

in reducing mind wandering and thus enhancing mindfulness.  

Hasenkamp and colleague’s (2012) study elucidated some of the functions and connections 

between the DMN, SN, and CEN and how they relate to mindfulness. In this study, participants 

meditated during an fMRI scan by focusing their attention on their breathing. When they became 

aware of their mind wandering, they were instructed to press a button. The authors observed 

neural patterns associated with a ‘FOCUS phase’, occurring during meditation, an ‘AWARE 

phase’, when participants hit the button, and a ‘SHIFT phase’, occurring directly after hitting the 

button to signify a shifting in the participant’s attention from mind wandering back to focusing 

on their breath. The FOCUS phase was associated with greater activation in the right DLPFC 

(CEN), the AWARE phase was associated with greater activation in the anterior insula and 
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dorsal ACC (SN), and the SHIFT phase was associated with the right DLPFC and lateral inferior 

parietal regions (CEN). The mind wandering phase recruited activity from the PCC, MPFC, 

parahippocampal region, and posterior temporal region (regions associated with the DMN). 

These results suggest that during meditation, awareness of a mind wandering state activates the 

SN, re-orientation to awareness recruits executive control regions in the CEN, and sustained 

attention recruits similar regions in the CEN. Moreover, it also suggests that mind wandering is 

associated with certain regions in the DMN (Hasenkamp et al., 2012). A similar outcome was 

obtained by Doll, Hölzel, Boucard, Wohlschlager, and Sorg (2015) who demonstrated that 

increased functional connectivity between the DMN and SN and the SN and CEN correlated 

with increased mindfulness. Together, these studies indicate the importance of these 

cognitive/attentional networks in mindful practices.   

In a complementary task-negative study investigating the relationship between the 

attentional component of trait mindfulness, as measured by the Mindful Attention and 

Awareness Scale (MAAS), and functional connectivity in attentional resting state networks, 

Bilevicius, Smith, and Kornelsen (2018) identified similar trends. Trait mindfulness negatively 

correlated with a mind wandering region of the DMN, the left medial frontal gyrus, whereas a 

positive relationship was reported in the SN between trait mindfulness and the left ACC, 

associated with greater attentional control. Mind wandering represents a state where attention is 

unfocused, whereas mindfulness is associated with present, focused attention (Kabat-Zinn, 

1994). Thus, trait mindfulness negatively correlating with a mind-wandering region and 

positively correlating with an area associated with attentional control provides neural support for 

its definition (Bilevicius et al., 2018).  
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The final attentional networks, the DAN and VAN, are closely related. These networks are 

both attentional frontoparietal networks which operate during sensory orientation processes (Fox, 

Corbetta, Snyder, Vincent, & Raichle, 2006). The DAN is involved with the voluntary 

orientation and maintenance of attention to a location (Corbetta, Kincade, Ollinger, McAvoy, & 

Shulman, 2000), and is considered to be a goal-driven attentional network using internal goals or 

expectations to attend to sensory stimuli (Corbetta, Patel, & Shulman, 2008). Regions of the 

DAN include the dorsal parietal cortex, inferior parietal sulcus (IPS), superior parietal lobule 

(SPL), and the dorsal frontal cortex close to the frontal eye field along the precentral sulcus 

(Corbetta et al., 2008). There is evidence of the DAN’s relevance to mindfulness based on its 

role in attentional processes (Corbetta et al., 2000; Corbetta et al., 2008), with some studies 

exploring this link specifically (i.e., Froeliger et al., 2012; Taren et al., 2017). Froeliger and 

colleagues (2012) demonstrated that experienced meditators have greater functional connectivity 

within the DAN, suggesting that this reflects mindfulness and attentional control. Additional 

connectivity was observed between the DAN and both the DMN and SN, suggesting that higher 

trait mindfulness is associated with greater functional connectivity between networks (Froeliger 

et al., 2012). In this scenario, Froeliger and colleagues (2012) suggested that the coupling of 

these networks is associated with metacognition, open monitoring of thoughts and emotions, and 

enhanced affect regulation. 

The VAN is an attentional network that is also involved with the detection of salient 

environmental information, however this network is stimulus-driven and is implicated in 

detecting unexpected information (Corbetta et al., 2008). The VAN is represented by the 

temporoparietal junction (TPJ) cortex, which includes the posterior superior temporal sulcus, 

posterior superior temporal gyrus, ventral supramarginal gyrus, and ventral frontal cortex 
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(Corbetta et al., 2008). Fox and colleagues (2006) further specify that the VAN is a right 

lateralized network, whereas the DAN is bilateral. There is evidence that both the VAN and 

DAN are implicated in the attentional component of mindfulness. Taren and colleagues (2017) 

investigated functional connectivity between the DLPFC (a node of the CEN) and the VAN and 

DAN. Participants in their study completed an intensive three-day meditation program, which 

represented a condensed version of the MBSR course. Participants further completed a pre- and 

post-fMRI resting state scan, in which they were instructed to passively maintain fixation on a 

cross. Taren and colleagues (2017) reported increased functional connectivity between the 

DLPFC and both attentional networks. They suggested that mindfulness training enhances the 

DLPFC’s top-down regulatory control for attention and emotion through strengthening 

connections to the DAN and VAN. This study highlights the importance of these attentional 

networks to the benefits of mindfulness and are thus ideal networks for the present study.  

Together, these studies demonstrate that these five cognitive and attentional resting-state 

networks are related to mindfulness. They also highlight the importance of baseline neural 

functioning to orienting and maintaining attention to the present moment, a principle component 

of mindfulness.  

b. Sensory Networks 

Anatomically, the SMN includes the precentral and postcentral gyri and supplementary 

motor area (Rosazza & Minati, 2011). The SMN has been linked to sensory functions and the 

performance and memory of motor tasks (Ferri, Frassinetti, Ardizzi, Costantini, & Gallese, 2012; 

Rosazza & Minati, 2011); however, there is growing evidence that these regions are also 

imperative for a form of self-consciousness involving bodily awareness (Ferri et al., 2012; 

LeGrand, 2006). Ferri and colleagues (2012) suggested that bodily awareness lies in an 
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experiential, motor-based representation, with a neural basis, partially, in the regions comprising 

the SMN. That is, perceiving of one’s bodily identity has a neural basis in areas in the SMN 

responsible for motor actions. Indeed, studies involving the premotor cortex have supported this 

notion (i.e., Ehrsson, Holmes, & Passingham, 2005; Ferri, Frassinetti, Costantini, & Gallese, 

2011), suggesting that aspects of mindfulness relating to bodily self-awareness may have a 

neural basis in this network. 

The VN is associated with visual functions and the consolidation of memories related to 

visual tasks (Rosazza & Minati, 2011). Anatomically, the VN includes the mesial visual areas 

(striate cortex and extra-striate regions), lateral visual areas (the occipital pole and occipito-

temporal regions), and the polar visual areas (Rosazza & Minati, 2011). The VN may appear as 

one single network or as two distinct networks, a primary/medial and extra-striate/lateral visual 

network (van den Heuvel & Hulshoff Pol, 2010). The present study will refer to these networks 

as the medial visual network (MVN), containing primary visual areas including the striate cortex, 

and the lateral visual network (LVN), containing extra-striate regions. The VNs facilitate the 

processing of a modality-specific sensation in attending to the external environment. In a study 

comparing the VNs of licensed taxi drivers with non-drivers, Wang, Liu, Shen, Li, and Hu 

(2015) reported greater functional connectivity between the driver’s posterior DMN and MVN 

and a negative correlation between functional connectivity in the driver’s LVN and SMN. The 

authors suggested that greater communication between the posterior DMN and MVN facilitates 

monitoring of their external environment while driving, enhancing their ability to meet the 

varying environmental demands of driving (Wang et al., 2015). The authors further suggested 

that the negatively correlated LVN and SMN represent a prevention of interference from the 

SMN while driving, preventing self-generated motor actions and allowing the drivers to attend to 
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external visual information (Wang et al., 2015). While this study did not measure trait 

mindfulness, it is possible that individuals higher in trait mindfulness may exhibit similar 

connectivity patterns in the VNs related to monitoring the external environment and attending to 

salient visual information. This study suggests that the VNs are important considerations in the 

study of mindfulness due to their functions in attending to a visual sensory modality.  

The AN is involved with speech, language, and mental imagery of auditory information, 

such as imagining music (Zvyagintsev, Clemens, Chechko, Mathiak, Sack, & Mathiak, 2013). 

Anatomically the AN includes the superior temporal gyrus, Heschl’s gyrus, insula, postcentral 

gyrus, inferior frontal gyrus, medial and superior temporal gyri, and the angular gyrus (Rosazza 

& Minati, 2011). Currently, there are few studies exclusively investigating the relationship 

between mindfulness and the AN; however, regions of the auditory cortex in this network may 

be related to mindfulness through the attention and processing of auditory sensations.    

Kilpatrick and colleagues (2011) provide some insight into the possible relationship(s) 

between the DMN, SN, AN, and MVN in their investigation of functional connectivity in 

participants who completed an eight-week MBSR program. After eight weeks of mindfulness 

training, increased functional connectivity was found within the MVN. The authors identified a 

similar result in other studies while participants were engaged in light sleep. Thus, they 

suggested increased functional connectivity within the MVN may be attributed to a more relaxed 

state. Greater connectivity was also found between the AN and SN, suggesting a more mindful, 

deliberate attention to cognitive processing. There was also heightened connectivity with the AN 

and SN and the DMPFC (a node in the DMN), suggesting that participants more efficiently 

processed perceptual information involving auditory sensations. The increased functional 

connectivity of the DMPFC in the AN and SN was suggested to enhance sensory processing in 
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general and, in this context, to connect self-referential processes, attention, and auditory sensory 

processing. This neural activity is highly correlated with the outcomes of mindfulness, including 

awareness of sensory processes, relaxation (reduced stress), and deliberate attention (Kilpatrick 

et al., 2011).  

VII. The Current Study 

The current study used fMRI to identify the aforementioned resting state networks and to 

relate functional connectivity to self-report measures of trait mindfulness. Scores from self-report 

measures can be entered as covariates into analyses of functional connectivity to see if individual 

differences in self-reported trait mindfulness are related to differences in the functional 

connectivity of different resting state networks.  

Self-report questionnaires provide a method to obtain useful information on mental 

processes, including thoughts and emotions, in a systematic way that allows within- and 

between-individual comparisons (Baer, Smith, Hopkins, Krietemeyer, & Toney, 2006). A variety 

of questionnaires measuring mindfulness exist, some of which include the MAAS and the 

Kentucky Inventory of Mindfulness Skills (KIMS). However, the Five Facet Mindfulness 

Questionnaire (FFMQ; Baer et al., 2006) has become widely used for several reasons. It assesses 

five components of mindfulness whereas the MAAS is uni-dimensional—focusing on the 

attentional component of mindfulness—and the KIMS measures four aspects of mindfulness 

(Baer et al., 2006). Moreover, the FFMQ has shown good reliability and validity across cultures, 

including English, Italian, Swedish, Chinese, Brazilian, Spanish, Dutch, and French (Baer et al., 

2008; Cebolla, García-Palacios, Soler, Guillen, Baños, & Botella, 2012; de Bruin, Topper, 

Muskens, Bogels, & Kamphuis, 2012; Deng, Liu, Rodrigues, & Xia, 2011; Giovannini, 

Giromini, Bonalume, Tagini, Lang, & Amadei, 2014; Heeren, Douilliez, Peschard, Debrauwere, 
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& Philippot, 2011; Taylor & Millear, 2016; Tran, Glück, & Wader, 2013; Vargas de Barros, 

Kozasa, de Souza, & Ronzani, 2014). Given its cross-cultural applicability, strong psychometric 

properties, and broad categorical inclusion, this questionnaire is an ideal scale for my 

examination of the neural substrates of trait mindfulness. 

Baer and colleagues (2006) developed the FFMQ using a composite of the Southampton 

Mindfulness Questionnaire, Cognitive and Affective Mindfulness Scale-Revised, KIMS, MAAS, 

and Freiburg Mindfulness Inventory. On the FFMQ, participants rate on a 5-point Likert scale 

their responses from 1 (“never or very rarely true”) to 5 (“very often or always true”) (see 

Appendix I for the FFMQ). Statements cover five sub-areas pertaining to mindfulness, including 

observing, describing, acting with awareness, non-judgment to inner experience, and non-

reactivity to inner experience (Baer et al., 2006). Observing refers to observation of internal and 

external stimuli (e.g., “When I’m walking, I deliberately notice the sensations of my body 

moving”). Describing includes statements assessing a person’s ability to express their 

experiences, thoughts, and emotions (e.g., “I can easily put my beliefs, opinions, and 

expectations into words”). Acting with awareness includes statements that refer to paying 

attention in the present moment (e.g., “When I do things, my mind wanders off and I’m easily 

distracted”). Non-judgment to inner experience (henceforth non-judgment) statements assess the 

degree to which an individual rates their thoughts, feelings, and emotions as good or bad (e.g., “I 

make judgments about whether my thoughts are good or bad”).  Lastly, the non-reactivity to 

inner experience (henceforth non-reactivity) items assess the degree to which an individual 

reacts to their feelings, emotions, and thoughts (e.g., “I perceive my feelings and emotions 

without having to react to them”).   



 20 

All five facets of the FFMQ show consistent reliability and validity with the exception of 

the observing category, in which there is conflicting evidence. One study noted that when 

administering the questionnaire to meditators and non-meditators, meditators were more likely to 

interpret the items in the observing category differently than non-meditators, making a 

comparison of the two groups unreliable (Williams & Dalgleish, 2014). Aguado, Luciano, 

Cebolla, Serrano-Blanco, Soler, and Garcia-Campayo (2015) observed similar results and 

suggested that the observing category should not be used as a measure for assessing mindfulness 

in people without meditation experience. Since this study does not include a comparison of 

meditators with non-meditators, the observing category will still be used, albeit with the 

understanding that associating the results of this study to others using meditators as participants 

may not be valid for this particular category.  

The statistical analysis used for this study (independent component analysis; ICA, see 

Chapter 2 section IV) employs a model-free, data-driven approach. A description of hypotheses 

will not be included since an ICA is exploratory and does not test any hypotheses.  

The current research used overall trait mindfulness and the five facets to examine their 

relationship to functional connectivity of five cognitive/attentional and three sensory resting-state 

networks. This study represents a novel investigation of baseline neural functioning in 

cognitive/attentional and sensory domains and how they may relate to trait mindfulness in 

meditation-naïve participants. With the interest in mindful practices increasing across cultures, 

age groups, and in clinical practices, understanding of its mechanisms are becoming more 

important. The purpose of this study is to elucidate some of the neural mechanisms of trait 

mindfulness. This will provide a framework for future studies linking neural mechanisms with 

behavioural patterns and personality differences.  
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Chapter 2: Methods 

I. Participants 

Twenty-nine undergraduate students (14 males, 15 females, Mage = 19.89, SDage = 2.74, 

range = 18-29 years) from the University of Winnipeg volunteered to participate. Participants did 

not have a history of psychiatric or neurological disorders. Further exclusion criteria included the 

presence of metal in the body, pregnancy, or claustrophobia. Participants were determined to be 

meditation-naïve by verbally asking if they had any meditation experience in their lifetime. 

Participants provided written consent and completed the Magnetic Resonance Safety screening 

prior to entering the MRI scanner. The University of Winnipeg Human Research Ethics Board 

and the Bannatyne Human Research Ethics Board provided ethical approval for this study. 

Participants received a $50 honorarium for their participation.   

II. Psychological Measure 

All participants completed the FFMQ prior to or directly after entering the scanner. The 

overall score and sub-scores of the FFMQ were tallied using standardized scoring guidelines in 

Appendix I (Baer et al., 2006). Scores included trait mindfulness (overall FFMQ score) and the 

five facets of mindfulness. To obtain a score for trait mindfulness, the responses from all 

statements on the questionnaire were added together after the necessary reverse scores were 

substituted. Participant scores were then averaged in order to create six covariates: an overall 

FFMQ score and average Observing, Describing, Acting with Awareness, Non-judging, and Non-

reactivity scores. A high overall score on the FFMQ indicates elevated trait mindfulness. Higher 

scores in any of the five individual components indicates greater expression of that facet of 

mindfulness. For instance, a high score in the Observing category indicates the individual 
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displays a strength in this element of mindfulness. FFMQ internal reliability was calculated using 

Cronbach’s Alpha.  

III. Data Acquisition 

Structural and functional data were acquired for all participants using a 3T Siemens TRIO 

MRI scanner (Siemens, Erlangen, Germany). Following the initial localizer scan, a 3D high 

resolution anatomical MRI was acquired.  This high resolution T1-weighted gradient-echo scan 

was eight minutes in duration and was performed using an MP-RAGE sequence. This scanning 

sequence utilized the following parameters: 1-mm slice thickness, 0 gap, TR/TE = 1900/2.2 ms, 

in plane resolution .94 x .94 mm, 256 x 256 matrix, field of view [FOV] 24 cm.     

Following the acquisition of structural images, a 7-minute resting state scan was performed 

to obtain the functional MRI data. Conventional blood-oxygen level dependent (BOLD) imaging 

techniques were used to collect the functional MRI component. Resting state data was acquired 

with a whole brain echo planar imaging (EPI) sequence. During the 7-minute resting state scan, 

140 volumes were obtained using 3-mm slice thickness, 0 gap, TR/TE = 3000/30 msec, flip 

angle = 90, 64 x 64 matrix, FOV 24 cm. Participants were instructed to close their eyes without 

falling asleep throughout the scanning session.   

IV. Data Analysis 

BrainVoyager QX 2.8 software (Brain Innovation, BV, Maastricht, The Netherlands) was 

used to process imaging data and to perform all statistical analyses. Functional data were initially 

pre-processed using a trilinear/sync interpolation 3D motion correction, which examines 

movement output in six directions (three translations and three rotations). Visual inspection of 

participant movement was conducted. Data was not used if participants moved 2mm or more in 

any of the six directions. None of the participants exceeded this threshold. After this initial step, 
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further pre-processing was performed using a slice scan correction, high pass temporal filtering, 

and spatial smoothing. The slice scan correction temporally corrected for the order in which the 

data were collected using cubic spline. The high pass temporal filtering increased sensitivity to 

low-frequency oscillations that are characteristic of the BOLD signal. Spatial smoothing 

provided spatially smooth and linear data through the removal of drifts using 8mm full-width 

half-maximum Gaussian filter.  

Following pre-processing, the high resolution anatomical data was spatially normalized. 

Spatial normalization uses manual functions to adjust participant scans into a standardized 

Talairach space. These images were subsequently linked and co-registered to the pre-processed 

functional data.  

Single-subject Independent Component Analysis (ICA) and a group-level ICA were used 

to identify fluctuations in correlated neural activity. Single-subject ICA was performed for each 

individual using the fast ICA algorithm (Hyvarinen & Oja, 2000). Twenty independent 

components (IC) were extracted from the data for all participants. A group-level ICA was then 

performed using a self-organizing group ICA (Sog-ICA) plugin. For this step, the most similar 

ICs for all participants were clustered at the group level, resulting in a total of 20 ICs. The 20 

components were inspected manually and compared to the literature in order to identify each 

resting state network. Eight resting state networks were identified (in separate ICs), including 

four cognitive/attentional networks and four sensory networks. The four cognitive/attentional 

networks included the default mode network (DMN), salience network (SN), central executive 

network (CEN), and a frontoparietal network encompassing both the dorsal attention network 

(DAN) and ventral attention network (VAN). The four sensory networks included the 
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sensorimotor network (SMN), auditory network (AN), and two visual networks, a medial visual 

and a lateral visual network (MVN and LVN, respectively).   

To determine the relationship between each resting state network and FFMQ scores, an 

analysis of covariance (ANCOVA) was performed. One ANCOVA was performed for every 

network using each facet of mindfulness as a covariate, with a predetermined significance level 

of p < .01. To illustrate, the component featuring the DMN was identified, and an ANCOVA was 

performed using the participants’ overall trait mindfulness scores as a covariates. Similar 

analyses were performed using the Observing, Describing, Acting with Awareness, Non-judging, 

and Non-reactivity scores as covariates in separate ANCOVAs. This resulted in six analyses for 

the DMN. This process was repeated for each resting state network, for a total of 48 analyses. 

Following these analyses, the brain tissue was segregated from the head tissue.   

Each analysis produced cluster maps illustrating neural functional connectivity with the 

contributions of the six covariates. Voxels in these cluster maps represent areas whose functional 

connectivity in that network varied as a function of the covariate’s value. These maps were 

corrected for multiple comparisons using a Monte Carlo cluster threshold estimator correction 

plugin with 1000 iterations, evaluated at p ≤ .01. Lastly, these maps were converted to volumes 

of interest (VOIs) to provide information on the number of active voxels in regions of interest 

and the probability value of the observed clusters.  

Voxel data were entered into Talairach Client software (Research Imaging Institute, 

Version 2.4.3, 2003-2015), providing output on the anatomical name of each cluster including 

region, gyrus, hemisphere, X, Y, and Z coordinates, and the specific Brodmann areas (BAs), 

when applicable. Each cluster was analyzed individually, using peak of interest, centre of 

gravity, and individual voxel information. Only gray matter areas were considered. Each area 
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was analyzed with the corresponding correlation coefficient to determine the relationship 

between functional connectivity for every network cluster with each facet of mindfulness.  
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Chapter 3: Results 

Data from one participant (female, age 24) was not included in any analyses due to the 

occurrence of electronic file corruption. Results refer to the remaining 28 participants. Statistics 

for FFMQ scores are featured in Table 1 below. Scores represent the means, standard deviations 

(SDs), and ranges from all 28 participants for each mindfulness scale provided by the FFMQ. 

The trait mindfulness scale represents the mean and SD from all participants’ total FFMQ scores. 

The five mindfulness facets were tallied for each participant, as previously described, and the 

means and SDs were calculated for all participants. The six scores for each participant were used 

as covariates in each ANCOVA with each resting state network (see Chapter 2: Methods). 

Table 1. Scoring statistics and Cronbach’s Alpha () for each scale of the FFMQ. 

Scale Mean SD Range  

Trait mindfulness 128.11 13.93 95-148 0.69 

Observe 28.50 3.69 23-35 0.88 

Describe 27.00 5.62 17-39 0.88 

Act with awareness 25.68 5.56 14-38 0.90 

Nonjudging 24.86 6.89 13-38 0.90 

Non-reactivity 22.07 3.59 13-29 0.89 

Two facets Internal reliability for trait mindfulness as represented by the overall FFMQ 

score was moderate and reliability for all of the FFMQ scales were high (Table 1). These results 

further attest that the FFMQ is a reliable measure of trait mindfulness.  

Scores for each facet were compared to a population of 213 non-meditating undergraduate 

students from the University of Kentucky (Baer et al., 2006; 2008). Although scores were 

comparable, only the Describing (z = 1.31, p < .05) and Acting (z = 0.94, p < .05) facets showed 
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no significant difference from the population of students represented by Baer and colleagues 

(2006; 2008). The other facets showed a significant difference with the population, including 

Observing (z = 12.6, p > .05), Non-judging (z = -7.15, p < .05), Non-reactivity (z = 6.00, p < 

.05), and trait mindfulness (z = 10.44, p < .05). This represents a limitation in the study that these 

facets may not be comparable to the population represented by Baer and colleagues (2006; 

2008). 

I. Identification of Resting State Networks 

Each resting state network was identified manually as a single component from the Sog-

ICA prior to ANCOVA analysis. Each component was analyzed and compared to network 

pictures provided in the literature (Raichle, 2015). The locations of peak areas in the clusters 

from each network are detailed in Appendix II. Descriptions of clusters for all resting state 

networks and ANCOVA results (Results sections I through IX) were obtained through inspection 

of individual voxel data and will be confined to grey matter regions, unless otherwise noted.   

The DMN was identified in component two from the Sog-ICA and included clusters in 

frontal, temporal, limbic, and sub-lobar areas (Figure 2a). Regions in these clusters spanned the 

inferior, middle, medial, and superior frontal gyri, precentral gyrus, the inferior, middle, and 

temporal gyri, anterior and posterior cingulate gyrus, precuneus, and thalamus.  

The SN was identified in component six from the Sog-ICA and included clusters in frontal, 

temporal, and limbic areas (Figure 2b). Regions included the inferior, middle, medial, and 

superior frontal gyri, precentral gyrus, middle and superior temporal gyri, insula, lentiform 

nucleus, paracentral lobule, cingulate gyrus, lingual gyrus, midbrain, and cerebellum. The 

declive of vermis, declive, culmen, and cerebellar tonsil comprised the cerebellum.  
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The CEN was identified in component 11 from the Sog-ICA and included clusters in 

frontal, temporal, parietal, and occipital regions, in addition to sub-lobar areas (Figure 2c). 

Although the CEN sometimes appears as separate lateralized components, in the current data it 

emerged as a single bilateral network. Regions included the inferior, middle, medial, and 

superior frontal gyri, precentral gyrus, inferior and middle temporal gyri, inferior and superior 

parietal lobules, cingulate gyrus, precuneus, angular gyrus, caudate, and superior occipital gyrus.  

The DAN and VAN were both identified in component four from the Sog-ICA and 

included clusters in frontal, parietal, and cerebellar areas (Figure 2d). Regions included the 

inferior, middle, and superior frontal gyri, precentral and postcentral gyri, inferior and superior 

parietal lobule, middle temporal gyrus, temporoparietal junction, cerebellar tonsil, and inferior 

semi-lunar lobule. To account for both the DAN and VAN appearing in the same component, 

these networks will collectively be referred to the Attention Networks (ATN).    
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Figure 2. Group ICA scans of the cognitive and attentional networks, including sagittal (SAG), 

transverse (TRA), and coronal (COR) sections. From top to bottom:  a) DMN; b) SN; c) CEN; d) 

ATN.   
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The SMN was located in component nine of the Sog-ICA in one large cluster (Figure 3a). 

Regions of this cluster spanned the left and right motor and somatosensory cortices and extended 

into anterior parietal regions.  

The visual network was divided into two components of the Sog-ICA and included lateral 

and medial visual areas. The LVN was located in component 16 and included the superior and 

transverse temporal gyri, pre-and post-central gyri, inferior parietal lobule, cuneus, and lingual 

gyri (Figure 3b). The MVN was located in component eight of the Sog-ICA (Figure 3c). Areas 

included the inferior frontal gyrus, sub-gyral frontal lobe, extra nuclear corpus callosum, cuneus, 

and lingual gyrus.   

The AN was located in component 17 of the Sog-ICA (Figure 3d). Regions included the 

inferior and medial frontal gyri, pre-and post-central gyri, paracentral lobule, superior temporal 

gyrus, claustrum, insula, cingulate cortex, lentiform nucleus, parahippocampal gyrus, inferior 

parietal lobule, precuneus, cuneus, lingual gyrus, and culmen.  
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Figure 3. Group ICA scans of the sensory networks, including a sagittal (SAG), transverse 

(TRA), and coronal (COR) section. From top to bottom: a) SMN; b) LVN; c) MVN; d) AN.  
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II. Default Mode Network Functional Connectivity 

Talairach coordinates for all network analyses are provided in Appendix III. These 

coordinates represent regions that showed an increased or decreased degree of functional 

connectivity as a function of FFMQ scores. Some of the clusters included traditional nodes from 

the resting state networks, whereas other clusters included non-traditional regions in individuals 

who scored high or low on FFMQ covariates. Orange voxels indicate that the FFMQ covariate 

values and the functional connectivity of that voxel are positively correlated, whereas blue 

voxels indicate that the FFMQ covariate values and the functional connectivity of that voxel are 

negatively correlated (Figures 4 to 18).  

Total trait mindfulness scores correlated with four clusters in the DMN (Figure 4). The first 

cluster positively correlated with trait mindfulness (r = 0.67, p < .01) and was located primarily 

in the anterior right hemisphere. The regions comprising this cluster included the anterior 

cingulate, mid-cingulate gyrus, caudate, and medial frontal gyrus. The second cluster negatively 

correlated with trait mindfulness (r = -0.74, p < .01) and was focused in the left middle and 

inferior temporal gyri and the left middle and superior occipital gyri. The third cluster negatively 

correlated with trait mindfulness (r = -0.73, p < .01) and was located in similar regions to the 

second cluster, except in the right hemisphere. The fourth cluster negatively correlated with trait 

mindfulness (r = -0.77, p < .01) and was located in the right middle temporal and superior 

temporal gyri.  
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Figure 4. Functional connectivity of four DMN clusters correlated with trait mindfulness.  

  

Observing negatively correlated with one cluster in the DMN (r = -0.67, p < .01; Figure 

5a). Regions comprising this cluster included the right inferior frontal and precentral gyri.  

Describing also negatively correlated with one cluster in the DMN (r = -0.69, p < .01; 

Figure 5b). This cluster was located in the left and right precuneus and superior parietal lobule. 

Acting with Awareness correlated with five clusters in the DMN (Figure 5c). The first 

cluster negatively correlated with Acting with Awareness (r = -0.67, p < .01) and appeared in the 

right superior and middle frontal gyri and sub-gyral frontal lobe. The second cluster also 

negatively correlated with Acting with Awareness (r = -0.68, p < .01) and appeared primarily in 

the left middle, superior, and inferior temporal gyri, with some representation in the left fusiform 

gyrus and sub-gyral temporal lobe. The third cluster positively correlated with Acting with 

Awareness (r = 0.62, p < .01) and was focused in the right lentiform nucleus, caudate, and 

claustrum. The fourth cluster negatively correlated with Acting with Awareness (r = -0.64, p < 

.01) and was located in the left inferior semi-lunar lobule and pyramis. The fifth cluster 

positively correlated with Acting with Awareness (r = 0.63, p < .01) and was located in the right 

and left cuneus and lingual gyrus. 

Non-judging positively correlated with one cluster in the DMN (Figure 5d). This cluster 

was focused entirely in the right and left cingulate gyri.  
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Non-reactivity correlated with four clusters in the DMN (Figure 5e). The first cluster 

negatively correlated with Non-reactivity (r = -0.74, p < .01) and was focused within the superior 

temporal gyrus, extending slightly into the middle and transverse temporal gyri and the 

precentral gyrus. The second cluster negatively correlated with Non-reactivity (r = -0.69, p < .01) 

and was located primarily in the middle temporal gyrus, with smaller areas in the superior 

temporal and middle occipital gyri. The third cluster negatively correlated with Non-reactivity (r 

= -0.63, p < .01) and included the right superior and middle temporal gyri and the insula. The 

fourth cluster positively correlated with Non-reactivity (r = 0.64, p < .01), and appeared in the 

right cerebellar tonsil and the fusiform and inferior temporal gyri.   
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Figure 5. Functional connectivity of DMN clusters correlated with five mindfulness facets. From 

top to bottom: a) Observing; b) Describing; c) Acting with Awareness; d) Nonjudging; e) Non-

reactivity.  
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III. Salience Network Functional Connectivity 

 Trait mindfulness positively correlated with one cluster in the SN (r = 0.78, p < .01). This 

cluster was focused in the right and left cuneus, with smaller regions in the middle occipital 

gyrus and precuneus (Figure 6). This region overlapped with voxels in the posterior portion of 

the DMN. 

 

Figure 6. Functional connectivity of one SN cluster correlated with trait mindfulness. 

Observing negatively correlated with one cluster in the SN (r = -0.64, p < .01; Figure 7a). 

Regions comprising this cluster included the left middle and superior frontal gyri.  

Describing positively correlated with one cluster in the SN (r = 0.66, p < .01; Figure 7b). 

This cluster was located in the left pre- and post-central gyri.   

Acting with Awareness correlated with three clusters in the SN (Figure 7c). The first cluster 

negatively correlated with Acting with Awareness (r = -0.68, p < .01) and included bilateral 

regions of the medial and inferior frontal gyri, anterior cingulate gyrus, and rectal gyrus. The 

second cluster positively correlated with Acting with Awareness (r = 0.68, p < .01) in the right 

and left cuneus and middle occipital gyrus. The third cluster negatively correlated with Acting 

with Awareness (r = -0.69, p <.01) and was located in the right inferior, middle, and superior 

temporal gyri and fusiform gyrus.  
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Non-judging positively correlated with two clusters in the SN (first cluster r = 0.65, p < 

.01; second cluster r = 0.61, p < .01; Figure 7d). These clusters were similar, with the cuneus 

comprising the majority of each cluster and a smaller portion in the middle occipital gyrus. The 

first cluster was located in the left hemisphere and the second cluster was located in the right 

hemisphere.  

Non-reactivity correlated with four clusters in the SN (Figure 7e). The first cluster 

negatively correlated with Non-reactivity (r = -0.69, p < .01) and was located in the right 

cerebellum. The cerebellar tonsil and tuber comprised the majority of this cluster, with smaller 

areas in the culmen, declive, and anterior lobe. The second cluster positively correlated with 

Non-reactivity (r = 0.71, p < .01). This cluster was located in the left insula, with smaller 

portions extending into the precentral gyrus, superior temporal gyrus, and inferior frontal gyrus. 

The third cluster negatively correlated with Non-reactivity (r = -0.65, p < .01). Only a small 

portion of this cluster was located in grey matter and included the left uvula, declive, fusiform 

gyrus, and lingual gyrus. The fourth cluster positively correlated with Non-reactivity (r = 0.71, p 

< .01); however, it was not located in grey matter.  



 38 

 

Figure 7. Functional connectivity of SN clusters correlated with five mindfulness facets. From 

top to bottom: a) Observing; b) Describing; c) Acting with Awareness; d) Non-judging; e) Non-

reactivity.  
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IV. Central Executive Network Functional Connectivity 

Trait mindfulness negatively correlated with one cluster in the CEN (r = -0.60, p < .01; 

Figure 8). Only a small portion of this cluster was located in grey matter and included the right 

middle and superior frontal gyri.   

 

Figure 8. Functional connectivity of one CEN cluster correlated with trait mindfulness. 

Observing positively correlated with three clusters in the CEN (first cluster r = 0.76; 

second cluster r = 0.63; third cluster r = 0.64; p < .01; Figure 9a). The first cluster, although the 

largest, contained the smallest representation of regions in grey matter. This cluster was located 

in the right lingual gyrus with a small portion extending into the right posterior cingulate. The 

second cluster was located primarily in the left lentiform nucleus, with a smaller portion in the 

left caudate. The third cluster spanned regions in the right cerebellum including the uvula, tuber, 

declive, and pyramis. 

Describing correlated with three large clusters in the CEN (Figure 9b). The first cluster 

positively correlated with Describing (r = 0.65, p < .01) and spanned both left and right 

hemispheres. The superior, middle, and medial frontal gyri, precentral gyrus, and posterior 

cingulate gyrus comprised this cluster. The second cluster negatively correlated with Describing 

(r = -0.58, p < .01) and was located in the right declive, culmen, lingual gyrus, fusiform gyrus, 
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and posterior cingulate gyrus. The third cluster positively correlated with Describing (r = 0.67, p 

< .01) and was focused in the left cerebrum. The precuneus, left inferior and superior parietal 

lobules, and the left posterior cingulate and angular gyri represented this cluster.  

Acting with Awareness negatively correlated with three clusters in the CEN (first cluster r 

= -0.71; second cluster r = -0.65; third cluster r = -0.59; p < .01; Figure 9c). The first cluster 

appeared primarily in white matter, with the right superior and middle frontal gyri comprising 

the grey matter areas. The second cluster was located in the left and right precuneus, cuneus, and 

posterior cingulate gyrus. The third cluster was focused in the right precuneus, with the right 

angular, superior occipital, and middle temporal gyri representing smaller portions.   

There was no relationship between Non-judging and the CEN. Non-reactivity negatively 

correlated with one cluster in the CEN (r = -0.60, p < .01; Figure 9d). This cluster was located in 

the left superior, middle, and transverse temporal gyri, claustrum, and insula.  



 41 

a 

b 

c 

d 

 

Figure 9. Functional connectivity of CEN clusters correlated with four mindfulness facets. From 

top to bottom: a) Observing; b) Describing; c) Acting with Awareness; d) Non-reactivity. 
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V. Attention Network Functional Connectivity 

There was no relationship between overall trait mindfulness and the ATN. Observing 

correlated with three clusters in the ATN. The first cluster positively correlated with Observing (r 

= 0.70, p < .01; Figure 10a) and was located in the right middle, inferior, and superior frontal gyri. 

The second cluster positively correlated with Observing (r = 0.75, p < .01) and was located in the 

left insula, precentral gyrus, and inferior frontal gyrus. The third cluster negatively correlated with 

Observing and included the left supramarginal and angular gyri, inferior parietal lobule, and 

middle and superior temporal gyri.  

Describing negatively correlated with two clusters in the ATN (first cluster r = -0.67; 

second cluster r = -0.68; p < .01; Figure 10b). These clusters were similar in size and were both 

located in the superior and middle temporal gyri. The first cluster comprised these regions in the 

right hemisphere and the second cluster in the left hemisphere.  

Acting with Awareness negatively correlated with one cluster in the ATN (r = -0.69, p < 

.01; Figure 10c). The right lingual gyrus comprised most of this cluster, with smaller areas in the 

right parahippocampal gyrus, posterior cingulate, and culmen.  

Non-judging positively correlated with one cluster in the ATN (r = 0.63, p < .01; Figure 

10d) and was located in the right superior and medial frontal gyri. There was no relationship 

between Non-reactivity and the ATN. 
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Figure 10. Functional connectivity in the ATN correlated with four mindfulness facets. From top 

to bottom: a) Observing; b) Describing; c) Acting with Awareness; d) Non-judging.  



 44 

VI. Sensorimotor Network Functional Connectivity 

Trait mindfulness correlated with three clusters in the SMN (Figure 11). The first cluster 

positively correlated with trait mindfulness (r = 0.73, p < .01) and was located in the left 

cerebellum. This cluster included voxels in the anterior lobe, culmen, nodule, and fastigium. The 

second cluster negatively correlated with trait mindfulness (r = -0.63, p < .01) and included the 

left middle temporal gyrus, inferior parietal lobule, angular gyrus, precuneus, and superior 

occipital gyrus. The third cluster positively correlated with trait mindfulness (r = 0.63, p < .01) 

and was focused in the left lingual gyrus, inferior and middle occipital gyri, and cuneus.  

 

Figure 11. Functional connectivity of three SMN clusters correlated with trait mindfulness. 

Observing negatively correlated with one cluster in the SMN (r = -0.65, p < .01; Figure 

12a). The left middle and inferior temporal gyri and the fusiform gyrus comprised this cluster.  

Describing also negatively correlated with one cluster in the SMN (r = -0.58, p < .01; 

Figure 12b). This cluster was focused in the left and right precuneus and cuneus.  

Acting with Awareness negatively correlated with two clusters in the SMN (first cluster r = 

-0.69; second cluster r = -0.62; p < .01; Figure 12c). The right middle, medial, and superior 

frontal gyri and cingulate gyrus comprised the first cluster. The second cluster included the left 

mid-cingulate gyrus and the superior, middle, and medial frontal gyri. 
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Non-judging correlated with six clusters in the SMN (Figure 12d). The first three clusters 

positively correlated with Non-judging (first cluster r = 0.70; second cluster r = 0.71; third 

cluster r = 0.63; p <.01). The first cluster spanned the right and left cerebellum, including the 

culmen, dentate gyrus of the anterior lobe, nodule, fastigium, and cerebellar lingual. The second 

cluster was located in the left declive, lingual gyrus, and uvula. The third cluster was located in 

the right parahippocampal gyrus, culmen, sub-gyral temporal lobe, and fusiform gyrus. The 

remaining clusters negatively correlated with Non-judging (fourth cluster r = -0.60; fifth cluster r 

= -0.61; sixth cluster r = -0.57; p < .01). The fourth cluster was located in the right inferior 

parietal lobule and supramarginal gyrus. The fifth cluster included the left superior and middle 

temporal gyri, insula and inferior parietal lobule. The sixth cluster was located in the left inferior 

and superior parietal lobules and the precuneus.  

Non-reactivity positively correlated with one cluster in the SMN (r = 0.67, p < .01; Figure 

12e). The left middle occipital gyrus and cuneus comprised this cluster.  

 

  



 46 

 

Figure 12. Functional connectivity of SMN clusters correlated with five mindfulness facets. 

From top to bottom: a) Observing; b) Describing; c) Acting with Awareness; d) Non-judging; e) 

Non-reactivity.  
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VII. Lateral Visual Network Functional Connectivity 

Trait mindfulness correlated with five clusters in the LVN (Figure 13). The first cluster 

negatively correlated with trait mindfulness (r = -0.64, p < .01) and was located in the right 

caudate and superior and middle frontal gyri. The second and third clusters positively correlated 

with trait mindfulness (second cluster r = 0.64; third cluster r = 0.65; p < .01). The second cluster 

included the left pre- and post-central gyri and inferior frontal gyrus. The third cluster was 

located in the left postcentral gyrus, precuneus, and paracentral lobule. The fourth and fifth 

clusters negatively correlated with trait mindfulness (fourth cluster r = -0.61; fifth cluster r = -

0.67; p < .01). The fourth cluster was located entirely in the left caudate and the fifth cluster in 

the left cerebellar tonsil and inferior semi-lunar lobule.  

 
Figure 13. Functional connectivity of five LVN clusters correlated with trait mindfulness. 

 

Observing correlated with four clusters in the LVN (Figure 14a). The first cluster 

negatively correlated with Observing (r = -0.64, p < .01) and included the right inferior frontal 

gyrus, precentral gyrus, and insula. The second and third clusters both positively correlated with 

Observing (second cluster r = 0.67; third cluster r = -0.63; p < .01). The second cluster included 



 48 

the left superior, middle, and inferior temporal gyri. The third cluster was located in the left and 

right superior and medial frontal gyri and cingulate gyrus. The fourth cluster negatively 

correlated with Observing (r = -0.58, p < .01) and included areas in the left and right brainstem, 

including the substantia nigra, subthalamic nucleus, and mammillary body. There was no 

relationship between Describing and the LVN. 

Acting with Awareness positively correlated with four clusters in the LVN (first cluster r = 

0.69; second cluster r = 0.71; third cluster r = 0.65; fourth cluster r = 0.58; p < .01; Figure 14b). 

The first cluster spanned the pre- and post-central gyri, superior and transverse temporal gyri, 

and the insula. The second and third clusters were concentrated in the left pre- and post-central 

gyri. The majority of the fourth cluster was located in the left superior temporal gyrus, with a 

small portion in the left precentral gyrus.  

Non-judging positively correlated with one cluster in the LVN (r = 0.65, p < .01; Figure 

14c). The left pre- and post-central gyri, transverse temporal gyrus, and insula comprised this 

cluster.  

Non-reactivity correlated with two clusters in the LVN (Figure 14d). The first cluster 

positively correlated with Non-reactivity (r = 0.59, p < .01) and appeared in the left superior, 

middle, and inferior temporal gyri and the uncus. The second cluster negatively correlated with 

Non-reactivity (r = -0.61, p < .01) and was focused in the left pre- and post-central gyri.  
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Figure 14. Functional connectivity of LVN clusters correlated with four mindfulness facets. 

From top to bottom: a) Observing; b) Acting with Awareness; c) Non-judging; d) Non-reactivity.  
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VIII. Medial Visual Network Functional Connectivity 

Trait mindfulness positively correlated with three clusters in the MVN (first cluster r = 

0.69; second cluster r = 0.63; third cluster r = 0.61; p < .01; Figure 15). The first cluster was 

located in the right superior and transverse temporal gyri, postcentral gyrus, and insula. The 

second cluster included the left superior temporal gyrus, postcentral gyrus, inferior parietal 

lobule, and insula. The third cluster was focused in the left inferior frontal and precentral gyri.   

 

Figure 15. Functional connectivity of three MVN clusters correlated with trait mindfulness. 

 

Observing positively correlated with one cluster in the MVN (r = 0.63, p < .01; Figure 

16a). The right precentral gyrus, inferior frontal gyrus, and insula comprised this cluster.  

Describing negatively correlated with two clusters in the MVN (both clusters r = -0.58, p < 

.01; Figure 16b). The first cluster was located in the right superior, middle, and inferior temporal 

gyri, sub-gyral temporal lobe, fusiform gyrus, and extra-nuclear region. The second cluster 

included the left middle and inferior temporal gyri, sub-gyral temporal lobe, and fusiform gyri.  

Acting with Awareness positively correlated with one cluster in the MVN (r = 0.65, p < 

.01; Figure 16c). The right superior and transverse temporal gyri, inferior parietal lobule, and 

postcentral gyrus, and insula comprised this cluster.  
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Non-judging correlated with three clusters in the MVN (Figure 16d). The first cluster 

negatively correlated with Non-judging (r = -0.72, p < .01) and included the left and right 

medial, middle, and superior frontal gyri, rectal and orbital gyri, and anterior cingulate. The 

second and third clusters positively correlated with Non-judging (first cluster r = 0.60; second 

cluster r = 0.64; p < .01). The second cluster spanned the right insula and claustrum, and the 

third cluster was located in the left inferior and middle frontal gyri and insula.  

Non-reactivity positively correlated with two clusters in the MVN (r = 0.67; r = 0.57, 

respectively; p < .01; Figure 16e). The first cluster was located in the right and left medial frontal 

gyrus, mid-cingulate gyrus, and anterior cingulate. The second cluster included the left inferior 

and superior parietal lobules.  
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Figure 16. Functional connectivity of MVN clusters correlated with five mindfulness facets. 

From top to bottom: a) Observing; b) Describing; c) Acting with Awareness; d) Non-judging; e) 

Non-reactivity.  
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IX. Auditory Network Functional Connectivity 

Trait mindfulness correlated with two clusters in the AN (Figure 17). The first cluster 

negatively correlated with trait mindfulness (r = -0.64, p < .01) and was located in the left 

inferior temporal and fusiform gyri. The second cluster positively correlated with trait 

mindfulness (r = 0.63, p < .01) and was located primarily in the right precentral gyrus, extending 

into the middle frontal gyrus.   

 

Figure 17. Functional connectivity of two AN clusters correlated with trait mindfulness. 

 

Observing positively correlated with one cluster in the AN (r = 0.63; p < .01; Figure 18a), 

which was located entirely in the right superior frontal gyrus.  

Describing correlated with three clusters in the AN (Figure 18b). The first cluster 

positively correlated with Describing (r = 0.64, p < .01) and was located in the right middle and 

inferior temporal gyri and fusiform gyrus. The second cluster negatively correlated with 

Describing (r = -0.74, p < .01) and included the left inferior temporal and fusiform gyri. The 

third cluster positively correlated with Describing (r = 0.67, p < .01) and was located entirely in 

the right precentral gyrus. There were no relationships between Acting with Awareness or Non-

judging and the AN. 
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Non-reactivity correlated with two clusters in the AN. The first cluster positively correlated 

with Non-reactivity (r = 0.65, p > .01; Figure 18c) and included voxels in the right and left rectal 

gyrus, sub-callosal gyrus, inferior and medial frontal gyri, thalamus, lentiform nucleus, caudate, 

and parahippocampal gyrus. The second cluster negatively correlated with Non-reactivity (r = -

0.59, p < .01) and was located in the right postcentral gyrus, inferior parietal lobule, 

supramarginal gyrus, insula, thalamus, and caudate.  

 

Figure 18. Functional connectivity of AN clusters correlated with three mindfulness facets. 

From top to bottom: a) Observing; b) Describing; c) Non-reactivity.  
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Chapter 5: Discussion  

Results of this study indicate that trait mindfulness influences functional connectivity in 

both cognitive/attentional and sensory resting state networks. The following discussion provides 

several interpretations for the observed patterns of functional connectivity. However, it is 

important to advise caution in linking the results of this study to specific cognitive processes or 

behavioural patterns. Given that attentional or sensory processes were not directly tested in this 

study, any “reverse inference” represents a suggestion of a hypothesis that may be considered in 

future testing rather than a direct interpretation of this study’s results (Poldrack, 2006).   

I. Overall Trends 

In viewing the data across networks and mindfulness facets, several overarching patterns 

emerged. First, higher trait mindfulness scores were correlated with more sensory-related 

structures in resting state networks. This was evidenced by both cognitive and sensory networks 

correlating with additional sensory nodes (i.e., regions that are not typically associated with the 

network) across mindfulness facets. To illustrate, the precentral gyrus, a primary node of the 

SMN related to somatosensation and bodily processing (Ferri et al., 2012), associated with the 

SN (describing, non-reactivity), CEN (describing), LVN (acting with awareness), MVN 

(observing), and AN (trait mindfulness, describing). The cuneus, a region implicated in visual 

processing (Vanni, Tanskanen, Seppä, Uutela, & Hari, 2001), associated with the DMN (acting 

with awareness) and SN (trait mindfulness, acting with awareness, non-judging). The postcentral 

gyrus, a node of the SMN involved with perceived tactile stimulation (Planetta & Servos, 2012) 

and somatosensation (Kato & Izumiyama, 2015) associated with the LVN (trait mindfulness, 

acting with awareness, non-judging). The lingual gyrus, a region implicated in colour vision and 
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dreaming (Corbetta, Miezin, dobmeyer, Shulman, & Petersen, 1990; Domhoff & Fox, 2015), 

associated with the CEN (observing) and SMN (trait mindfulness, non-judging).  

The extensive correlation with sensory regions in the current data appears to be a novel 

finding. Resting state studies have shown enhanced BOLD signals in sensorimotor areas (Marx 

et al., 2003; McAvoy, Larson-Prior, Nolan, Vaishnavi, Raichle, & d’Avossa, 2008); however, 

these studies did not investigate mindfulness. Farb and colleagues (2012) suggest that 

mindfulness training enhances emotional regulation by transitioning from a cognitive focus to a 

present-moment awareness using the thalamus, insula, and sensorimotor regions. The present 

study provides support for this notion, demonstrating that individuals higher in trait mindfulness 

engage the insula and sensorimotor regions. Further studies would be required to examine the 

possibility that the correlation of sensory nodes in resting state networks may be related to 

enhanced emotional regulation and a present-moment focus. If so, this would be consistent with 

two of the goals of mindfulness, to achieve greater emotional regulation and self-awareness.   

Several resting state networks correlated with regions related to visual processing. This 

may suggest that individuals with higher trait mindfulness more efficiently allocate neural 

resources during visual perception. This idea is indirectly supported by other studies identifying 

increased visual sensitivity (Brown, Forte, & Dysart, 1984) and vigilance (Maclean et al., 2010) 

following a three-month intensive meditation program. Enhanced vigilance following training 

appeared to be adaptive for attentional tasks, in that fewer resources were required to visually 

discriminate a stimulus, thus allowing for enhanced attention and concentration (Maclean et al., 

2010). The mechanism for this difference in visual acuity may have neural underpinnings with 

the enhanced connectivity between visual nodes and other sensory and cognitive/attentional 
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resting state networks seen in this study, although further experimentation would be required to 

investigate this possibility.  

A second notable trend in the data is that enhanced trait mindfulness correlated with the 

cerebellum in both cognitive and sensory networks. The cerebellum was positively correlated 

with three different networks, including the DMN (non-reactivity), CEN (observing), and SMN 

(trait mindfulness and non-judging). The cerebellum, while mainly known for its functions in 

motor control, has now been implicated in higher cognitive functions including regulation of 

affect and cognition (Ramnani, 2006; Stoodley & Schmahmann, 2010) and “[modulating] 

behaviour around a homeostatic baseline” (Hölzel et al., 2011, p. 41). The SMN associated with 

lobules V and VI of the right and left anterior lobe, regions associated with sensorimotor 

functions (Stoodley & Schmahmann, 2009; 2010). This result suggests that individuals higher in 

trait mindfulness and the non-judging facet are associated with more neural regions related to 

somatosensation and motor functioning. This is consistent with the definition of mindfulness, 

suggesting enhanced present moment awareness and attention to bodily sensations. The DMN 

and CEN associated with Crus I and lobule VI, respectively, regions in the right posterior lobe 

associated with language and executive functioning (Stoodley & Schmahmann, 2009). This 

suggests that the DMN and CEN are associated with more structures for cognitive processing of 

inner experiences during non-reactivity and observing, respectively. This finding is supported by 

Hölzel and colleagues (2011) who found that following the completion of an MBSR program, 

participants demonstrated an increase in gray matter concentration in the vermis and posterior 

cerebellar lobe, regions associated with the regulation of cognitive processes such as perception 

and thinking. One of the benefits of mindfulness is the regulation of cognition for healthy 
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psychological functioning; thus, it is possible that the correlation with cerebellar regions by the 

DMN and CEN supports the regulation of cognitive processes.   

Additionally, both the superior and middle temporal gyri were found to be consistently 

negatively correlated across mindfulness facets. The anterior and posterior superior temporal 

gyrus (STG) demonstrated reduced functional connectivity within most cognitive/attentional 

(DMN, CEN, and ATN) and sensory (SMN and describing in the MVN) networks. The only 

positive correlations appeared in the visual networks–trait mindfulness was positively associated 

with both the right and left posterior STG in the MVN; acting with awareness positively 

associated with the right anterior STG in the LVN; and acting with awareness positively 

associated with the right posterior STG in the MVN. The STG is a primary node of the AN, with 

the posterior region associated with the perception of speech sounds (Chang, Rieger, Johnson, 

Berger, Barbaro, & Knight, 2010) and the anterior region involved in the semantic processing of 

auditory and visual information (Visser & Ralph, 2011). Furthermore, Visser and Ralph (2011) 

provide evidence that the anterior temporal lobe (which includes the anterior STG) represents a 

“modality-invariant representational hub” (p. 3127) that is activated during semantic processing 

for visual and auditory sensory information. Given that this region is associated with active 

semantic processing, it seems likely that the STG would show widespread reduced connectivity 

during a resting state. Moreover, the reduced correlation between trait mindfulness and the STG 

is consistent with Bilevicius and colleagues’ (2018) study. In a similar domain, participants 

completed a resting state scan and an attentional trait mindfulness questionnaire, the MAAS. The 

authors reported that the DMN and bilateral CEN demonstrated reduced connectivity between 

trait mindfulness and the STG (Bilevicius et al., 2018).  
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The correlation of posterior STG regions with the MVN may be due to the cluster’s 

locations around the temporoparietal junction (TPJ), at the intersection of the STG and IPL with 

extensions into the frontal cortex and insula (Corbetta et al., 2008). While all three of these MVN 

clusters had peak voxels in the STG, two of these clusters extended into the IPL and the other 

extended medially into the insula, illustrating their location in the TPJ. The TPJ is a region of the 

VAN that identifies behaviour-relevant visual, auditory, and tactile environmental events and 

connects with the DAN in the reorientation of attention to salient information (Corbetta et al., 

2008). While this may suggest that individuals who score higher in trait mindfulness and the 

acting with awareness facet integrate neural regions that are involved in identifying salient visual 

information, a behavioural study would be required to clarify this prospect. For instance, a study 

may use a region-of-interest approach to identify whether greater functional connectivity in the 

TPJ is associated with greater trait mindfulness and acting with awareness while attending to 

salient visual information.      

The left middle temporal gyrus (MTG), a region associated with language processing and 

perceptual and semantic memory (Martin and Chao, 2001; Brascamp, Kanai, Walsh, & van Ee, 

2010; Wei et al., 2012), demonstrated reduced functional connectivity within the DMN (trait 

mindfulness, acting with awareness, and non-reactivity) and two sensory networks, the SMN 

(trait mindfulness and observing) and MVN (describing). Similar to the STG, the only positive 

correlation appeared in a visual network–observing positively correlated with the left MTG in 

the LVN. Overall, the DMN showed widespread reduced functional connectivity with higher 

trait mindfulness and individual mindfulness facets; thus, it is not surprising that one of its main 

nodes would demonstrate this same trend. However, the reduced connectivity of the left MTG 

from the SMN and MVN contradicts results of structural studies illustrating increased grey 
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matter (Leung, Chan, Yin, Lee, So, & Lee, 2013) and white matter integrity (Luders, Clark, Narr, 

& Toga, 2011) in experienced meditators in this region. For instance, Leung and colleagues 

(2013) reported that loving kindness meditation experts (with a minimum of five years practice) 

had more grey matter in the left MTG than novices at the trend level. Luders and colleagues 

(2011) found that the temporal superior longitudinal fasciculus, a white matter tract that spans 

the STG and MTG, had a greater fractional anisotropy. Fractional anisotropy corresponds to the 

integrity of white matter including such properties as greater density and more myelination, 

leading to enhanced connectivity. Greater connectivity of this white matter tract may imply 

enhanced function of this area, such as with language processing, however Luders and 

colleagues (2011) indicated that behavioural studies would be required to interpret their finding. 

The results from the above studies relate specifically to experienced meditators, thus the current 

study investigating meditation naïve participants may account for this difference. For instance, it 

is possible that trait mindfulness positively correlates with connectivity in the MTG, but only for 

experienced meditators. Future studies may address this potential dichotomy using both 

functional and structural analyses with a region-of-interest approach.   

In contrast, the LVN showed increased connectivity with the MTG for individuals higher 

in the observing facet. While both the LVN and MVN are unambiguously involved in visual 

processing, there appears to be differences in their inter-network connections and functioning. 

The LVN showed increased connectivity with sensory-motor structures (pre- and postcentral 

gyri) in individuals high in acting with awareness; however, reduced connectivity was seen for 

those high in observing. These results appear to be consistent with Wang and colleagues’ (2015) 

study, described earlier. These authors demonstrated negative correlations in functional 

connectivity between the LVN and SMN in taxi drivers, possibly to reduce self-generated motor 
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actions during present attention while driving. It is possible that the reduction of connectivity 

between the LVN and SMN in the present study suggests enhanced present moment attention 

during observing, and these areas reconnect to assist with action-oriented behaviour during 

acting with awareness. A task-based fMRI study may be conducted to test this possibility.  

Collectively, these data indicate an overall greater integration of sensory-motor neural 

mechanisms for individuals higher in trait mindfulness, with a particular emphasis on the visual 

sensation. This sensory-motor system may be related to individuals higher in trait mindfulness 

demonstrating a more present moment focus and enhanced emotional regulation.  

II. Trait Mindfulness  

The DMN demonstrated increased functional connectivity in only one region, the ACC, for 

individuals scoring higher in trait mindfulness. This finding is consistent with previous structural 

neuroimaging studies (Tang, Lu, Fan, Yang, & Posner, 2012; Tang, Lu, Geng, Stein, Yang, & 

Posner, 2010). Tang and colleagues (2012; 2010) reported that a specific mindfulness training 

(Integrative Body-Mind Training, IBMT) increased the efficiency of white matter tract 

functioning between the ACC and its connecting structures. This increase in efficiency was 

linked to a strengthening of ACC connections, with a possible association for enhanced self-

regulation (Tang et al., 2010). The implications for these results may be similar to the present 

study, in that participants with higher trait mindfulness may demonstrate more self-regulation 

with an increase in functional connectivity in this region. Future behavioural studies could 

examine this possibility. 

The DMN demonstrated reduced connectivity in temporal regions for individuals scoring 

higher in trait mindfulness. This anticorrelation with trait mindfulness is supported by other 

studies (i.e., Tomasino & Fabbro, 2016) and is a consistent trend in the present data. Reduced 
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connectivity was also seen in most DMN clusters from four out of the five mindfulness facets 

(except non-judging, which positively correlated with the right mid-cingulate gyrus). Reduced 

overall functional connectivity in the DMN provides evidence supporting the notion that it is a 

task-negative network (Fox et al., 2005; Greicius, Krasnow, Reiss, & Menon, 2003; Gusnard & 

Raichle, 2001; Raichle, 2001; 2015).  

The CEN demonstrated reduced functional connectivity in the right superior frontal gyrus 

(SFG), located in the DMPFC. The DMPFC represents a structure in the DMN that is associated 

with weaker functional connectivity in experienced meditators (Taylor et al., 2013). Reduced 

connectivity of this region suggests that the CEN decouples from a medial cortical node of the 

DMN in individuals with greater trait mindfulness. This finding is consistent with other studies 

and suggests that trait mindfulness uses less input from medial cortical structures (Farb et al., 

2007; Farb et al., 2012).  

III. Mindfulness Facets 

Complementary to the above trends, the individual facets of mindfulness displayed patterns 

of functional connectivity with various neural structures.     

Observing 

The ATN demonstrated increased functional connectivity in the insula, an area commonly 

associated with interoceptive awareness (Critchley, Wiens, Rotshtein, Öhman, & Dolan, 2004; 

Farb et a., 2013). Farb and colleagues (2013) found that participants who did not complete an 

MBSR program had increased connectivity within the insula during the completion of an 

interoceptive task, whereas MBSR trained individuals displayed this connectivity by default, 

regardless of the task. These researchers indicated that this increase appears to be consistent with 

MBSR body awareness training, suggesting that interoceptive awareness becomes more natural 
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following practice. Murakami and colleagues (2012) analyzed how grey matter volume 

correlated with a Japanese version of the FFMQ. They found that the right anterior insula 

positively associated with the describing facet. While these results are not identical, they do 

indicate that the insula is a region related to mindfulness, since the function of this region is 

consistent with the definition of both the observing and describing facets. Bilevicius and 

colleagues (2018) observed a similar result, with a positive association found between the 

attentional aspect of trait mindfulness and the left insula in the SN. This appears to support the 

hypothesis that mindful observing and describing are correlated with a neural structure related to 

attention. Interestingly, the insula is a node typically associated with the SN and, in addition to 

interoception, has also been implicated in switching from mind wandering to more attentive 

states. Although this finding has been seen between the DMN and CEN (Sridharan, Levitin, & 

Menon, 2008), it would be interesting to see if the switching between states is also seen between 

the DMN and the ATN.     

Acting with Awareness 

The DMN showed reduced functional connectivity with the right SFG, one of its primary 

nodes located in the caudal MPFC. The MPFC has been shown to be functionally divided along 

a gradient, with more rostral regions associated with self-related processing and caudal regions 

associated with the execution of goal-directed behaviour (Dixon, Fox, & Christoff, 2014). Many 

studies illustrating increased connectivity or activity in the MPFC are directed towards rostral 

regions and illustrate this node of the DMN as being involved with self-referential processing 

and an overall internalizing experience (i.e., Brewer et al., 2011; Farb et al., 2007; Jang et al., 

2011; Spreng & Grady, 2009). However, this correlation concerns a more caudal area that is 

associated with the execution of behaviour. Previous studies have consistently demonstrated that 
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the DMN reduces connectivity during cognitive tasks; thus, the de-coupling of a structure 

directly related to task-oriented behaviour provides further evidence for the DMN as an overall 

task-negative network (Binder et al., 1999; Fox et al., 2005; Gusnard & Raichle, 2001; Greicius 

et al., 2003; Raichle, 2001; 2015).  

Non-judging 

The DMN showed increased functional connectivity with the right mid-cingulate gyrus, a 

region associated with the anticipation of pain (Brown & Jones, 2008). The practice of 

mindfulness brings non-judgmental attention towards painful stimuli in an effort to decrease pain 

perception (Gard et al., 2011). It has been shown that mindfulness practitioners rate pain as less 

unpleasant relative to controls (Gard et al., 2011) and mid-cingulate areas direct attentional 

resources toward the painful stimulus to reduce focus on the emotional aspect of pain and more 

on the sensory experience (Brown & Jones, 2008). In the present study, the DMN correlating 

with the mid-cingulate gyrus for non-judging may be associated with a more sensory and less 

cognitive-driven process. Indeed, this is consistent with the definition of mindfulness which 

transitions from a mainly internal, self-referential focus, to a more sensory, present focus and is 

reflected in its practice (Farb et al., 2012; Kabat-Zinn, 1994). While further studies would be 

required to determine if the DMN shows enhanced connectivity with the mid-cingulate gyrus for 

this purpose, the present data provide evidence to support this notion.    

The ATN showed increased functional connectivity with the right anteromedial SFG, a 

region located in the rostral MPFC. This suggests that during non-judging, the ATN is correlated 

with the rostral MPFC, a region of the DMN connected with nodes in the SN (Ongur & Price 

2000) that is involved with the processing of abstract information (Dixon et al., 2014). 

Interestingly, two studies reported increased functional connectivity with the MPFC in the DMN 
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in meditators relative to controls (Hasenkamp & Barsalou, 2012; Jang et al., 2011). Hasenkamp 

and Barsalou (2012) suggested that experienced meditators show greater connectivity to this 

DMN node, thus reflecting a greater level of awareness of their internal states. In a study 

comparing experienced meditators and novice participants, Froeliger and colleagues (2012) 

demonstrated increased resting state functional connectivity between the DAN (a component of 

the ATN) and DMN and between the DAN and right anterior PFC. They suggested that this 

represents greater allocation of resources towards attention and awareness (Froeliger et al., 

2012). The current study not only provides support for this hypothesis, but also extends the 

possibility that the non-judging aspect of trait mindfulness utilizes greater resources for attention 

and awareness. Behavioural studies may be used to determine if non-judging shows enhanced 

connectivity with these resources in comparison to the other aspects of trait mindfulness.  

IV. Limitations 

One limitation to this study is the use of the ICA approach for statistical analyses. This 

approach does not allow for the quantification of inter-network relationships and, given the 

exploratory nature, it may not be used to test any hypotheses. Furthermore, since there was no 

cognitive task employed in this study, relating the results of this study to cognitive processes or 

behavioural patterns represent speculations, and further experimentation would be required to 

elucidate the relation of functional connectivity to these processes. It is also important to note 

that while participants were meditation naïve, it is possible that they had other meditation-like 

experience, such as through yoga or prayer. Furthermore, FFMQ scores from participants were 

not representative of a similar population of undergraduate students from Baer and colleagues 

(2006; 2008) for trait mindfulness, Observing, Non-judging, and Non-reactivity. It is important to 

note, however, that the population size from Baer and colleagues (2006; 2008) was small for 
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comparison. It is important to use caution in relating the results of this study to the general 

population until sufficient population data is available for comparison. Lastly, spatial 

normalization was performed in BrainVoyager through the use of Talairach space rather than the 

Montreal Neurological Institute (MNI) space. Talairach space was developed from one post-

mortem subject, whereas the MNI space was derived from several hundred MRI scans (Chau & 

McIntosh, 2005). The use of Talairach space for spatial normalization represents a limitation 

since the MNI space provides a more accurate depiction of the population.    

V. Future Directions 

This study provides a basis for many future studies of trait mindfulness functional 

connectivity. For instance, a region-of-interest approach of the sensory regions identified (i.e., 

precentral and postcentral gyri) may be used to develop functional connectivity maps and 

examine in depth how they relate to trait mindfulness. A study using ICA may be used to 

investigate individuals with meditation experience to compare differences with meditation-naïve 

participants of the present study. Similar studies may also be performed to examine a variety of 

demographic factors such as age, socioeconomic status, cultural background, and experience 

with yoga. Lastly, this study provides a foundation for future studies investigating neural 

changes following clinical interventions. For instance, a study using a region-of-interest 

approach or ICA may be used to analyze changes in functional connectivity and trait mindfulness 

following, for example, cognitive processing therapy, cognitive behavioural therapy, or a 

mindfulness intervention.  

VI. Conclusions  

The purpose of this study was to provide novel information on the neural substrates of trait 

mindfulness, highlighting the importance of both cognitive/attentional and sensory resting state 
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networks. Isolating the different aspects of trait mindfulness into specific components provides a 

more detailed picture of its neural correlates. Overall, this study revealed that, 1) trait 

mindfulness is associated with greater sensory integration, particularly for the visual modality; 2) 

sensory integration may be related to interoceptive processes for enhanced self-awareness; 3) 

trait mindfulness is associated with more attentional and emotional regulatory neural resources; 

and 4) individual mindfulness facets, as measured by the FFMQ, provide valuable information 

on how functional connectivity may be related to five aspects of trait mindfulness. For instance, 

task-based fMRI studies may be conducted to determine how greater sensory integration among 

neural networks relates to a variety of attributes associated with trait mindfulness, including 

present moment attention and bodily self-awareness.  

VII. What is Mindfulness? 

This thesis began with the question of, “What is mindfulness”. Mindfulness has been 

frequently defined as a process in which non-judgmental attention to the present moment is 

practiced (Kabat-Zinn, 1994). Here, we expand our understanding of trait mindfulness to identify 

patterns of functional connectivity in sensory and cognitive/attentional resting state networks that 

support the idea that mindfulness involves baseline neural processes involved with sensation, 

cognition, and emotion. Trait mindfulness involves all of these processes on some level, from 

attending to present-moment internal and external sensations, to reducing rumination and self-

referential thought processes, to regulating emotions. Overall, the correlation with functional 

areas associated with these processes suggests that focusing on the present moment non-

judgmentally may allow for the integration of multisensory modalities to facilitate greater self-

awareness.  
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Appendix I 

 

 Five Facet Mindfulness Questionnaire  

Description:  

This instrument is based on a factor analytic study of five independently developed mindfulness 

questionnaires. The analysis yielded five factors that appear to represent elements of mindfulness 

as it is currently conceptualized. The five facets are Observing, Describing, Acting with 

Awareness, non-judging of inner experience, and Non-reactivity to inner experience. More 

information is available in:  

 

Please rate each of the following statements using the scale provided. Write the number in the 

blank that best describes your own opinion of what is generally true for you.  

 

1 2 3 4 5 

never or very 

rarely true 

rarely true sometimes true  often true always true 

 

 

_____ 1. When I’m walking, I deliberately notice the sensations of my body moving.  

 

_____ 2. I’m good at finding words to describe my feelings.  

 

_____ 3. I criticize myself for having irrational or inappropriate emotions.  

 

_____ 4. I perceive my feelings and emotions without having to react to them.  

 

_____ 5. When I do things, my mind wanders off and I’m easily distracted.  

 

_____ 6. When I take a shower or bath, I stay alert to the sensations of water on my body. 

 

 _____ 7. I can easily put my beliefs, opinions, and expectations into words.  

 

_____ 8. I don’t pay attention to what I’m doing because I’m daydreaming, worrying, or 

otherwise distracted.  

 

_____ 9. I watch my feelings without getting lost in them.  

 

_____ 10. I tell myself I shouldn’t be feeling the way I’m feeling.  

 

_____ 11. I notice how foods and drinks affect my thoughts, bodily sensations, and emotions.  

 

____ 12. It’s hard for me to find the words to describe what I’m thinking.  

 

_____ 13. I am easily distracted.  

 

_____ 14. I believe some of my thoughts are abnormal or bad and I shouldn’t think that way.  
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_____ 15. I pay attention to sensations, such as the wind in my hair or sun on my face.  

 

_____ 16. I have trouble thinking of the right words to express how I feel about things  

 

_____ 17. I make judgments about whether my thoughts are good or bad.  

 

_____ 18. I find it difficult to stay focused on what’s happening in the present.  

 

_____ 19. When I have distressing thoughts or images, I “step back” and am aware of the 

thought or image without getting taken over by it.  

 

_____ 20. I pay attention to sounds, such as clocks ticking, birds chirping, or cars passing.  

 

_____ 21. In difficult situations, I can pause without immediately reacting.  

 

_____ 22. When I have a sensation in my body, it’s difficult for me to describe it because I can’t 

find the right words.  

 

_____ 23. It seems I am “running on automatic” without much awareness of what I’m doing.  

 

_____24. When I have distressing thoughts or images, I feel calm soon after. 

 

 _____ 25. I tell myself that I shouldn’t be thinking the way I’m thinking.  

 

_____ 26. I notice the smells and aromas of things.  

 

_____ 27. Even when I’m feeling terribly upset, I can find a way to put it into words. 

 

 _____ 28. I rush through activities without being really attentive to them.  

 

_____ 29. When I have distressing thoughts or images I am able just to notice them without 

reacting.  

 

_____ 30. I think some of my emotions are bad or inappropriate and I shouldn’t feel them.  

 

_____ 31. I notice visual elements in art or nature, such as colors, shapes, textures, or patterns of 

light and shadow. 

 

 _____ 32. My natural tendency is to put my experiences into words.  

 

_____ 33. When I have distressing thoughts or images, I just notice them and let them go.  

 

_____ 34. I do jobs or tasks automatically without being aware of what I’m doing.  
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_____ 35. When I have distressing thoughts or images, I judge myself as good or bad, depending 

what the thought/image is about. 

 

_____ 36. I pay attention to how my emotions affect my thoughts and behavior.  

 

_____ 37. I can usually describe how I feel at the moment in considerable detail.  

 

_____ 38. I find myself doing things without paying attention.  

 

_____ 39. I disapprove of myself when I have irrational ideas.  

 

Scoring Information:  

 

Observe items:  

1, 6, 11, 15, 20, 26, 31, 36  

 

Describe items:  

2, 7, 12R, 16R, 22R, 27, 32, 37  

 

Act with Awareness items:  

5R, 8R, 13R, 18R, 23R, 28R, 34R, 38R  

 

Nonjudge items:  

3R, 10R, 14R, 17R, 25R, 30R, 35R, 39R  

 

Nonreact items:  

4, 9, 19, 21, 24, 29, 33  

 

Reference:  

Baer, R. A., Smith, G. T., Hopkins, J., Krietemeyer, J., & Toney, L. (2006). Using self-  

report assessment methods to explore facets of mindfulness. Assessment, 13, 27-45.  
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Appendix II: Talairach Data of Network Clusters 

All Talairach coordinates provided in this appendix represent the peak of each cluster (the 

region with the greatest intensity of voxels). Information regarding the region, hemisphere, 

gyrus, Brodmann Area (BA), cluster size (in voxels) and X, Y, and Z coordinates are included. 

Asterisks denote undefined areas or if there is no affiliated BA with the region.  

 

Table 1. Talairach coordinates representing the peak voxels from clusters located in the DMN. 

     Talairach Coordinates 

Cluster Hemisphere Lobe Gyrus BA Cluster  X Y Z 

1 Right Temporal Middle 

temporal 

21 5017 65 -17 -12 

2 Right Parietal Precuneus 7 16700

7 

2 -47 36 

3 Right * * * 58842 29 28 57 

4 Right * * * 404 38 28 -24 

5 Right Sub-

lobar 

Thalamus * 1445 11 -23 12 

6 Left Frontal Superior 

frontal 

8 4405 -28 22 48 
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Table 2. Talairach coordinates representing the peak voxels from clusters located in the SN. 

     Talairach Coordinates 

Cluster Hemisphere Lobe Gyrus BA Cluster  X Y Z 

1 Right Frontal * * 69502 53 13 0 

2 Left Frontal Superior frontal 6 34395 -1 10 54 

3 Left * * * 2161 -1 -71 -3 

4 Left Frontal Inferior frontal 47 86248 -55 18 3 

5 Left Brainstem Midbrain * 307 -16 -20 -6 

6 Left Posterior Tuber 

(Cerebellum) 

* 406 -49 -58 -30 
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Table 3. Talairach coordinates representing the peak voxels from clusters located in the CEN. 

     Talairach Coordinates 

Cluster Hemisphere Lobe Gyrus/Lobule BA Cluster  X Y Z 

1 Right Frontal Middle frontal 9 26041 44 31 30 

2 Right Parietal Inferior parietal 40 11250 44 -50 51 

3 Right Frontal Sub-gyral * 539 35 1 24 

4 Left Sub-

lobar 

Caudate CB 3495 -10 1 18 

5 Left Frontal Superior frontal 8 7239 -7 25 51 

6 Right Limbic Cingulate 31 1732 5 -41 39 

7 Left Frontal Middle frontal 46 34985 -49 38 30 

8 Left Parietal Inferior parietal 40 22303 -49 -47 45 

9 Left * * * 3902 -65 -47 -9 
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Table 4. Talairach coordinates representing the peak voxels from clusters located in the ATN. 

     Talairach Coordinates 

Cluster Hemisphere Lobe Gyrus BA Cluster  X Y Z 

1 Left Sub-

lobar 

Extra-Nucleus * 425106 -37 -11 0 

2 Right Posterior Cerebellar tonsil * 2083 14 -50 -39 

3 Left Posterior Cerebellar tonsil * 2594 -13 -41 -39 

4 Left * * * 408 -67 -16 33 
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Table 5. Talairach coordinates representing the peak voxels from clusters located in the SMN. 

     Talairach Coordinates 

Cluster Hemisphere Lobe Gyrus BA Cluster  X Y Z 

1 Left Frontal Precentral 4 274254 -37 -11 51 
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Table 6. Talairach coordinates representing the peak voxels from clusters located in the LVN. 

     Talairach Coordinates 

Cluster Hemisphere Lobe Gyrus/Lobule BA Cluster X Y Z 

1 Right Temporal Superior 

temporal 

* 1298 62 -14 9 

2 Left Posterior Declive * 143353 -19 -71 -15 

3 Right * * * 3193 35 -26 73 

4 Left Parietal Superior parietal 7 306 -28 -62 57 

5 Left * * * 3008 -49 -35 61 

6 Left Temporal Superior 

temporal 

* 475 -58 -20 9 
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Table 7. Talairach coordinates representing the peak voxels from clusters located in the MVN. 

     Talairach Coordinates 

Cluster Hemisphere Lobe Gyrus BA Cluster X Y Z 

1 Left Temporal Sub-gyral * 263283 -22 -59 15 

2 Right Sub-

lobar 

Extra-nuclear CC 947 14 28 12 

3 Left Frontal Inferior frontal 13 1018 -40 28 6 

CC = corpus callosum  
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Table 8. Talairach coordinates representing the peak voxels from clusters located in the AN. 

     Talairach Coordinates 

Cluster Hemisphere Lobe Gyrus BA Cluster X Y Z 

1 Right Midbrain * * 69171 17 -20 -6 

2 Right Occipital Precuneus 31 1290 14 -68 27 

3 Right Parietal Precuneus 7 976 11 -41 51 

4 Right Limbic Posterior 

cingulate 

45 1237 8 -47 6 

5 Right Frontal Cingulate 32 6708 2 16 36 

 

  



 79 

Appendix III 

All Talairach coordinates provided represent the peak of each cluster (the region with the 

greatest intensity of voxels) and are arranged from largest to smallest cluster (in terms of the 

number of voxels). Information regarding the region, hemisphere, gyrus, Brodmann Area (BA), 

cluster size (in voxels) and X, Y, and Z coordinates are included. Asterisks denote areas that are 

undefined or are an indication that there is no affiliated BA with the region.   

 

Table 1 Talairach coordinates of trait mindfulness functional connectivity of the DMN. 

 
   Talairach Coordinates 

Region Hemisphere Gyrus BA X Y Z Cluster 

size 

r p  

Limbic Right Anterior cingulate 32 8 37 24 10757 0.67 0.000082 

Temporal Left Middle temporal 39 -46 -74 12 6350 -0.74 0.000008 

Temporal Right Middle temporal 37 56 -65 3 3312 -0.73 0.000012 

Temporal Right Superior temporal 21 53 -5 -12 2525 -0.77 0.000012 

 

  



 80 

Table 2. Talairach coordinates of FFMQ sub-category functional connectivity of the DMN. 

   Talairach Coordinates 

Region Hemisphere Gyrus/Lobule BA X Y Z Cluster 

size 

r p  

Observe          

Frontal Right Precentral gyrus  44 59 7 12 1829 -0.67 0.000086 

Describe          

Parietal Right Superior parietal  7 26 -63 66 9435 -0.69 0.000056 

Acting with Awareness 

Frontal Right Superior frontal 6 5 37 61 5209 -0.67 0.000107 

Temporal Left Middle temporal 21 -55 7 -24 2507 -0.68 0.000065 

Sub-lobar Right Caudate CH 20 22 0 2392 0.62 0.000388 

Posterior Left Inferior Semi-lunar * -19 -74 -39 2269 -0.64 0.000272 

Occipital Right Cuneus 18 5 -98 3 1647 0.63 0.000327 

Nonjudgment 

Limbic Right Cingulate gyrus 24 2 -8 36 2247 0.59 0.001074 

Non-reactivity 

Temporal Right Superior temporal 22 56 -2 -3 6429 -0.74 0.000006 

Temporal Left Middle temporal 39 -40 -68 15 3907 -0.69 0.000053 

Temporal Right Superior temporal 22 50 -47 15 2931 -0.63 0.000367 

Posterior Right Cerebellar tonsil * 41 -44 -39 2705 0.64 0.000238 

Abbreviations: CH = caudate head 
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Table 3. Talairach coordinates of trait mindfulness functional connectivity of the SN. 

   Talairach Coordinates 

Region Hemisphere Gyrus BA X Y Z Cluster size r p  

Occipital Right Cuneus 18 17 -83 12 21643 0.78 0.000001 
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Table 4. Talairach coordinates of FFMQ sub-category functional connectivity of the SN. 

 
   Talairach Coordinates 

 

Region Hemisphere Gyrus/Lobule BA X Y Z Cluster size r p 

Observe 

Frontal Left Middle frontal 46 -49 41 27 2966 -0.64 0.000282 

Describe 

Frontal Left Precentral gyrus 4 -49 -11 45 2691 0.66 0.000129 

 

Act with Awareness 

Frontal Right Rectal gyrus 11 11 31 -19 7983 -0.68 0.000066 

 

Occipital Left Cuneus 19 -7 -92 24 6940 0.68 0.000077 

 

Temporal Right Fusiform gyrus 20 59 -5 -24 3947 -0.69 0.000054 

 

Nonjudgment 

Occipital Left Cuneus 18 -7 -77 18 3249 0.65 0.0002 

 

Occipital Right Cuneus 18 17 -83 18 2133 0.61 0.000517 

 

Non-reactivity 

Posterior Right Tuber * 38 -56 -30 4338 -0.69 0.000048 

 

Frontal Left Precentral gyrus 44 -43 1 9 3023 0.71 0.000025 

 

Occipital Left Lingual gyrus 17 -13 -95 -18 2502 -0.65 0.0002 

 

Limbic Right Cingulate gyrus 31 23 -50 27 2390 0.55 0.00244 
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Table 5. Talairach coordinates of trait mindfulness functional connectivity of the CEN.   

   Talairach Coordinates 

Region Hemisphere Gyrus BA X Y Z Cluster size r p  

Frontal Right Superior frontal  6 26 34 61 3490 -0.60 0.000805 
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Table 6. Talairach coordinates of FFMQ sub-category functional connectivity of the CEN.  

 
   Talairach Coordinates 

 

Region Hemisphere Gyrus/Nucleus BA X Y Z Cluster 

size 

r p 

Observe 

Occipital Right Lingual gyrus 19 29 -68 3 2961 0.76 0.000002 

Sub-lobar Left Lentiform 

nucleus 

P -22 7 0 2872 0.64 0.000261 

Posterior 

lobe 

Right Uvula * 29 -77 -24 2256 0.63 0.00035 

Describe 

Frontal Left Precentral gyrus 6 -31 -2 33 31308 0.65 0.000202 

 

Occipital Right Fusiform gyrus 19 26 -74 -12 18108 -0.58 0.00114 

Parietal Left Precuneus 7 -13 -62 36 17808 0.67 0.000109 

Act with Awareness 

No grey matter found * 17 28 63 3548 -0.71 0.000026 

 

Occipital Right Precuneus 31 2 -62 27 2315 -0.65 0.000159 

 

Parietal Right Precuneus 19 38 -80 37 2262 -0.59 0.00107 

 

Non-reactivity 

Temporal Left Superior temporal 41 -46 -29 3 2229 -0.60 0.000718 

 

Abbreviation: P = putamen  
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Table 7. Talairach coordinates of FFMQ sub-category functional connectivity of the ATN.  

 
   Talairach Coordinates 

 

Region Hemisphere Gyrus/Nucleus BA X Y Z Cluster size r p 

Observe 

 

Frontal Right Middle frontal  9 35 13 27 5150 0.70 0.000035 

Sub-lobar Left Insula 13 -40 1 21 3037 0.75 0.000004 

Parietal Left Supramarginal 40 -65 -50 36 2141 -0.61 0.000592 

Describe          

Temporal Right Superior temporal 22 47 -20 -6 1731 -0.67 0.000094 

 

Temporal Left Superior temporal 22 -49 -44 12 1638 -0.68 0.000066 

Act with Awareness 

Occipital Right Lingual gyrus 19 17 -56 0 3256 -0.69 0.000051 

 

Non-judgment 

Frontal Right Superior frontal 9 11 58 27 1686 0.63 0.00031 
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Table 8. Talairach coordinates of trait mindfulness functional connectivity of the SMN. 

   Talairach Coordinates 

Region Hemisphere Gyrus BA X Y Z Cluster 

size 

r p  

Anterior 

lobe** 

Right * N/A 8 -50 -24 5396 0.73 0.00001 

Temporal Left Middle 

temporal 

39 -49 -74 24 5154 -0.63 0.00031 

Occipital Left Lingual gyrus 18 -16 -80 -6 4580 0.63 0.00037 

**Anterior lobe of the cerebellum  
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Table 9. Talairach coordinates of FFMQ sub-category functional connectivity of the SMN. 

   Talairach Coordinates 

 

Region Hemisphere Gyrus/Lobule BA X Y Z Cluster 

size 

r p 

Observe 

Temporal Left Middle 

temporal 

21 -64 -17 -15 3070 -0.65 0.000192 

Describe 

Occipital Left Cuneus 7 -1 -65 30 2499 -0.58 0.00114 

Act with Awareness 

Limbic Right Cingulate gyrus 24 17 4 42 7887 -0.69 0.000052 

Frontal Left Medial frontal 32 -16 13 42 2348 -0.62 0.000484 

Nonjudgment 

Anterior 

lobe 

Left Cerebellum * -4 -44 -24 10024 0.70 0.000036 

Occipital Left Lingual gyrus 18 -13 -83 -9 5210 0.71 0.000027 

Temporal Right Sub-gyral HP 32 -29 -6 4211 0.63 0.00029 

Parietal Right Inferior parietal  40 62 -44 42 3420 -0.60 0.000723 

Temporal Left Superior 

temporal 

13 -40 -44 18 3319 -0.61 0.000561 

Parietal Left Superior 

parietal 

7 -34 -71 42 3240 -0.57 0.00149 

Non-reactivity 

Occipital Left Middle 

occipital 

19 -31 -80 12 2761 0.67 0.000082 

Abbreviations: VLN = ventral lateral nucleus; HP = hippocampus 
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Table 10. Talairach coordinates of trait mindfulness functional connectivity of the LVN. 

   Talairach Coordinates 

Region Hemisphere Gyrus BA X Y Z Cluster size r p  

Sub-lobar Right Caudate CB 14 19 15 5855 -0.64 0.000216 

Parietal Left Postcentral gyrus 43 -64 -11 18 4120 0.64 0.000253 

Parietal Left Postcentral gyrus 5 -4 -44 69 3778 0.65 0.000194 

Sub-lobar Left Caudate CB -19 22 9 2786 -0.61 0.00063 

Posterior Left Cerebellar tonsil * -46 -50 -43 2193 -0.67 0.000086 

Abbreviation: CB = caudate body  
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Table 11. Talairach coordinates of FFMQ sub-category functional connectivity of the LVN. 

   Talairach Coordinates 

 

Region Hemisphere Gyrus/Lobule BA X Y Z Cluster 

size 

r p 

Observe 

Frontal Right Precentral 

gyrus 

44 47 16 9 5169 -0.64 0.00025 

Temporal Left Middle 

temporal 

21 -46 -2 -15 3054 0.67 0.00009 

Frontal Left Medial 

frontal 

8 -10 28 39 2584 -0.63 0.00032 

Midbrain Left *(Brainstem) SN -10 -11 -9 2151 -0.58 0.00115 

Act with Awareness 

Parietal Left Postcentral 43 -64 -11 15 6141 0.69 0.00004 

No grey matter found * -10 -23 78 6025 0.71 0.00002 

Frontal Left Precentral 6 -40 -8 64 2415 0.65 0.00017 

Temporal Right Superior temporal 22 59 -2 3 2198 0.58 0.00118 

Nonjudgment 

Parietal Left Postcentral 3 -46 -23 39 8699 0.65 0.00016 

Non-reactivity 

Temporal Left Inferior temporal 20 -37 -2 -36 3211 0.59 0.00091 

Frontal Left Precentral 4 -16 -26 57 3110 -0.61 0.00051 

Abbreviation: SN = substantia nigra 
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Table 12. Talairach coordinates of trait mindfulness functional connectivity of the MVN. 

   Talairach Coordinates 

Region Hemisphere Gyrus BA X Y Z Cluster size r p  

Temporal Right Superior temporal 42 69 -23 15 6039 0.69 0.000046 

Temporal Left Superior temporal 22 -61 -35 18 2683 0.63 0.00032 

Frontal Left Inferior frontal 9 -58 10 27 1952 0.61 0.00051 
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Table 13. Talairach coordinates of FFMQ sub-category functional connectivity of the MVN. 

   Talairach Coordinates 

 

Region Hemisp

here 

Gyrus/Lobule BA X Y Z Cluster 

size 

r p 

Observe 

Frontal Right Precentral 6 62 1 15 2412 0.63 0.000333 

Describe          

Temporal Right Superior 

temporal 

38 44 7 -9 4010 -0.58 0.00108 

Temporal Left Middle 

temporal 

21 -46 1 -27 2686 -0.58 0.00130 

Act with Awareness 

Temporal Right Superior 

temporal 

22 68 -38 18 3092 0.65 0.000182 

Nonjudgment 

Frontal Left Medial 

frontal 

25 -7 28 -15 8311 -0.72 0.000016 

Sub-lobar Right Claustrum * 29 7 15 3566 0.60 0.000679 

Sub-lobar Left Insula 13 -43 13 15 3325 0.64 0.000215 

Non-reactivity 

Frontal Right Medial 

frontal 

9 5 37 27 2586 0.67 0.000112 

Parietal Left Superior 

parietal 

7 -34 -65 48 2070 0.57 0.00156 
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Table 14. Talairach coordinates of trait mindfulness functional connectivity of the AN. 

   Talairach Coordinates 

Region Hemisphere Gyrus BA X Y Z Cluster size r p  

Temporal Left Inferior temporal 20 -61 -17 -21 3975 -0.64 0.000275 

Frontal Right Precentral 6 44 -8 51 3045 0.63 0.000339 
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Table 15. Talairach coordinates of FFMQ sub-category functional connectivity of the AN. 

   Talairach Coordinates 

 

Region Hemisp

here 

Gyrus/Lobule BA X Y Z Cluster 

size 

r p 

Observe 

Frontal Right Superior 

frontal 

8 17 43 42 1716 0.63 0.000333 

Describe          

Temporal Right Middle 

temporal 

21 62 -23 -12 2181 0.64 0.000254 

Temporal Left Fusiform 20 -61 -11 -27 1616 -0.74 0.000008 

Frontal Right Precentral 6 41 -8 57 1501 0.67 0.000096 

Non-reactivity 

Sub-lobar Right Thalamus * 5 -23 0 25909 0.65 0.000197 

Sub-lobar Right Caudate CB 20 -23 24 10347 -0.59 0.00101 

Occipital Right Superior 

occipital 

39 35 -71 24 7363 -0.61 0.000644 

Abbreviation: CB = caudate body 
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