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Abstract This chapter describes a line of research that seeks to incorporate first-
person subjective input into the analysis of meditation-related brain activity and
connectivity, as a way to better define and understand everyday mental functions.
I present a basic model of naturalistic cognitive fluctuations between mind wan-
dering and attentional states derived from the practice of focused attention medita-
tion. This model proposes four phases in a cognitive cycle: mind wandering,
awareness of mind wandering, shifting of attention, and sustained attention. We
developed a paradigm to leverage the common experience of awareness of mind
wandering during this style of meditation, using subjective reports to drive the
analysis of brain imaging data. Results revealed activity in specific brain networks
associated with each cognitive phase. Further, participants with more meditation
experience exhibited altered patterns of neural activity and resting state functional
connectivity compared to participants with less experience. These neural patterns
may be involved in the development of cognitive skills such as maintaining atten-
tion and disengaging from distraction that are often reported with meditation prac-
tice, and suggest mechanisms for how benefits may transfer “off the cushion.” Im-
plications for neurophenomenological investigations are discussed, as well as
future directions and possible extensions of the model.

Introduction

As evidenced by the present volume, as well as an exponentially increasing num-
ber of scholarly and lay publications, research on the mechanisms and effects of
meditation is burgeoning. These investigations are undertaken with a variety of
goals, but most often in an attempt to understand how meditation “works” — that
is, how does meditation practice lead to its frequently-reported benefits, including
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reduced stress, increased clarity, and a general enhancement of well-being? These
pursuits are of great value, particularly for clinical applications, and the results of
such investigations have been artfully summarized elsewhere (Chen et al. 2012;
Chiesa and Serretti 2011; Chiesa and Serretti 2009; Rubia 2009). The goal of this
chapter is to outline another use of contemplative practice in research — one that
leverages the cognitive experiences that occur during meditation, coupled with the
finely honed ability of practitioners to provide subjective report on these experi-
ences, to gain a better understanding of the neural correlates of basic mental pro-
cesses. This approach has great potential to advance cognitive neuroscience, and
deepen our understanding of the human mind and the possibilities for its transfor-
mation. Facilitated in part by the work of Francisco Varela and colleagues (Varela
et al. 1991), there has been a recent upsurge of interest in incorporating subjective
information regarding mental states into neuroscientific explorations of the human
mind. In this chapter, I describe one method for studying cognition based on this
neurophenomenological perspective, and discuss implications and possible exten-
sions of the approach.

Most forms of meditation employ fundamental cognitive processes that are also
involved in many everyday experiences. For example, processes such as focused
attention, detection of distraction, disengagement from ongoing thoughts, logical
analysis, emotional engagement, cognitive re-framing, and meta-awareness are all
used in various forms of meditation currently being taught in western contexts. In-
deed, the goal of any given meditation is often to train one or more of these par-
ticular capacities, with the assumption that these skills will transfer “off the cush-
ion” to be available in daily life. In addition, repeated meditation practice results
in an increased familiarity with and ability to report on subtle changes in mental
state in the practitioner (Lutz et al. 2008; Lutz and Thompson 2003). Thus, con-
templative practice, when carefully understood and studied, can yield insights into
these other processes in a more refined way.

The advent of non-invasive technologies such as functional magnetic resonance
imaging (fMRI) has allowed for investigation of brain activity associated with
human cognition in real time. Many studies have used such neuroimaging tech-
niques to investigate brain activity during meditation, and while much has been
learned and some consistencies are emerging (Chiesa and Serretti 2010; Chiesa
2009, 2010; Fell et al. 2010; Green and Turner 2010; Rubia 2009), theoretical and
methodological limitations have often made results difficult to interpret. For ex-
ample, the theoretical assumption that meditation is a single mental state that is
achieved and maintained has supported a methodological approach of averaging
brain activity over a block of time spent “in meditation” (often several minutes)
and interpreting the static picture that results as a representation of brain activity
during meditation. However, this underlying assumption is likely only accurate in
the case of advanced practitioners, and only when the style of meditation has a
goal of a single-pointed stable mental state. Rather, novice and intermediate prac-
titioners often experience dynamic fluctuating cognitive states, even when trying
to remain stably engaged in focused attention practices, oscillating between mind
wandering and focused states. Thus, the common statistical practice of averaging
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brain activity over extended periods of time introduces caveats not commensurate
with subjective experience.

It would seem advisable, given the aforementioned limitations, for researchers
to find ways of leveraging the ability of meditators to report on their cognitive ex-
perience and adjust their methodological approaches to include this information.
Cognitive models of meditation that incorporate subjective report can provide a
framework from which to design and analyze experiments with finer sophistica-
tion, yielding deeper insights into the mental processes involved. Herein, I de-
scribe a simple model that begins to examine the cognitive processes involved in
the practice of focused attention (FA) meditation in greater detail.

A Basic Cognitive Model

FA meditation is intended to help the practitioner enhance awareness of his/her
cognitive states while developing attentional control (Lutz et al. 2008). Indeed, re-
search has demonstrated that FA meditation improves attentional skill in several
domains (Jha et al. 2007; Lutz et al. 2009; MacLean et al. 2010; van Leeuwen et
al. 2012; Zeidan et al. 2010). During FA practice, an individual attempts to main-
tain focus on a single object (e.g., the sensation of breathing), bringing attention
back to the object whenever the mind wanders (Gunaratana 2002; Wallace 2006).
In line with many traditional accounts, our model proposes that during FA
meditation, particularly for novices, one’s subjective experience follows the gen-
eral structure outlined in Figure 1. When attempting to sustain focus on an object,
an individual inevitably loses this focus and experiences mind wandering. At some
time during mind wandering, the practitioner becomes aware that his/her mind is
not on the object, at which point he/she disengages from the current train of
thought and shifts attention back to the object, where it stays focused again for
some period of time. In our original analysis, we termed these states MIND
WANDERING (representing loss of focus), AWARE (representing the awareness
of mind wandering), SHIFT (representing disengaging and shifting of focus back
to the breath) and FOCUS (representing maintenance of attentional focus on the
breath). The subjective experience of these states is a cycle that iterates repeatedly
throughout a session of FA meditation. Thus, the practice of FA meditation is not
a single cognitive state, except perhaps in very advanced practitioners. Instead, it
involves a dynamic fluctuation between states of FOCUS and MIND
WANDERING, incorporating the more transitory states of AWARE and SHIFT.
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Fig. 1 Basic cognitive model of FA meditation. A theoretical model of dynamic cognitive
states experienced by a non-expert practitioner during a session of FA meditation. When attempt-
ing to sustain focus on an object (FOCUS), an individual inevitably loses this focus and experi-
ences wandering of attention (MIND WANDERING). At some time during mind wandering, the
practitioner becomes aware that his/her mind is not on the object (AWARE), at which point
he/she disengages from the current train of thought and shifts attention back to the object
(SHIFT), where it stays focused again for some period of time (FOCUS). The cycle iterates re-
peatedly over a session of FA meditation.

As a practitioner gains fluency and expertise, the processes of vigilance and ad-
justment become more automated, allowing one to rest in an “effortless” state of
concentration or awareness (Lutz et al. 2008). In contrast, the present model is
concerned with early stages of practice, which are more closely related to every-
day experiences of attention and distraction.

Two Large-Scale Neural Networks

The mental processes of mind wandering and attention are increasingly becoming
associated with activity in different distributed brain networks (Figure 2). A task-
negative, or default mode network (DMN) has been associated with task-
independent, spontaneous thought processes, also known as mind wandering
(Buckner et al. 2008). Mind wandering processes are directed away from a prima-
ry task and toward personal goals, and cover a broad range of mental functions,
including memory, planning, and theory of mind (Smallwood and Schooler 2006).
The DMN consists of hubs in the medial prefrontal cortex and posterior cingulate
cortex, and also includes inferior parietal and lateral temporal regions (Buckner et
al. 2008). The medial prefrontal cortex has been specifically implicated in self-
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related cognitive processing (Northoff and Bermpohl 2004), which is arguably a
central feature of much mind wandering experience.

Attention Network Default Mode Network
more active during tasks (task-positive) more active at rest (task-negative)
engaged attention mind-wandering

Attentional sub-networks

Salience Network: dACC and frontoinsular cortices
identify relevant stimuli

Executive Network: VLPFC, DLPFC and parietal regions
respond to stimuli by controlling attention

Fig. 2 Brain networks associated with mind wandering and attention. The brain can be di-
vided into two large-scale distributed networks — the default mode network (top right), activity in
which is associated with mind wandering states, and the attention network (top left), activity in
which is associated with focused states demanding attentional resources. Within the larger atten-
tion network, multiple sub-networks can be identified. Two shown here are the salience network,
comprised of the dorsal cortex (AACC) and bilateral insula, and the executive network, comprised
of the dorsal and ventral prefrontal cortex and parietal regions. The salience network is thought
to be involved in identifying relevant and salient stimuli in one’s environment that require atten-
tion; the executive network is involved in disengaging and reorienting attention to these identi-
fied stimuli. (Images modified from Buckner et al. 2008 and Seeley et al. 2007.)

Conversely, a task-positive network has been associated with various attention-
al, present moment, and task-related processes, and is active during rest in an anti-
correlated manner with the DMN (Fox et al. 2005; Fransson 2005). This large
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task-positive attention network can be subdivided in several ways to yield smaller
and more distinct subnetworks. One such division distinguishes the salience and
executive networks (Seeley et al. 2007). The salience network is thought to be in-
volved in the immediate, present moment processing or detection of relevant stim-
uli, and involves the dorsal anterior cingulate cortex and bilateral anterior insula
(Craig 2009; Seeley et al. 2007). The executive network, also referred to as the
frontoparietal attention network, consists of dorsolateral prefrontal cortex (dIPFC)
and posterolateral parietal regions, and is involved in controlling attentional re-
sources to deal with immediate or future demands (Corbetta et al. 2008; Corbetta
and Shulman 2002; Seeley et al. 2007)".

Attentional Sub-Processes in FA Meditation

The processes of detecting salience and controlling attention are highly relevant in
the context of FA meditation (Figure 3). Broadly speaking, the goal state, set by
the intention of the practitioner via executive management systems in the brain, is
to keep attention stably placed on an object. Ongoing regulation of this attention
proceeds as a thermostat or feedback system, monitoring the environment — in this
case, the internal, mental environment — for variation from the goal state (i.e., er-
ror detection). This could also be described as the process of conflict-monitoring,
where the current state is in conflict with the goal state (Alexander and Brown
2010; Posner and Rothbart 2009). In this case, the primary relevant “target” that is
to be detected becomes any mental state in which the object has been lost to atten-
tion. In the model here, the mental process of MIND WANDERING represents
such a salient target. The meta-cognitive ability to monitor the contents of one’s
mind allows for detection of the MIND WANDERING target, and strengthening
this ability is one of the main endpoints of FA training (Lutz et al. 2008). With
continued practice, it would be hypothesized that detection of such target states
would become increasingly rapid and sensitive. Indeed, this aligns well with sub-
jective report of many practitioners, as well as traditional guides (Wallace 2006).
Once the target is detected, attentional disengagement and re-orienting must be
employed in order to re-engage with the object (Posner and Petersen 1990; Posner
et al. 1984). Again, it is expected that these processes of attention management are
trained and improved by FA practice. The result of training in these attentional
processes allows for longer and more stable retention of focus on the object, and
thus, reduced object loss and faster recognition and re-orienting when object loss
does occur.

! See also the chapter by Austin in this volume.
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Fig. 3 Attentional sub-processes in FA meditation. During the practice of FA meditation, the
goal state is one in which attention rests stably on the object of choice (FOCUS). In order to
maintain this state, one must monitor one’s own mental state and detect any attentional deviation
from the object. In this case, the state of MIND WANDERING - one in which the object of at-
tentional focus has been lost — becomes a salient target to be detected by monitoring systems.
Once detected (at the AWARE moment), one must then disengage and re-orient attention
(SHIFT) back to the chosen object. Green coloring represents top-down regulatory processes
(subserved by the attention network) and red coloring represents bottom-up processes (subserved
by the default mode network).

This cycle also represents an interesting dynamic fluctuation between top-down
and bottom-up mental processes, where attention systems are responsible for top-
down management (e.g., setting the goal, sustaining attention, conflict monitoring,
detection of salient targets/error detection, disengagement and re-orienting), and
the natural tendency towards mind wandering or distraction is a bottom-up process
(Corbetta and Shulman 2002). For example, as you read this chapter, your top-
down brain systems (e.g., attention regulation networks) set the goal of reading
and processing the words on these pages. However, bottom-up processes related to
your immediate surrounding environment (e.g., a colleague knocking at your
door), internal bodily state (e.g., the strong desire for coffee), or other mental de-
mands (e.g., the need to plan for a lecture tomorrow) will likely create distrac-
tions, sensory or cognitive in nature, intermittently pulling your focus away from
the content of these pages. Top-down systems then regain the upper hand; meta-
cognitive monitoring allows you to realize you have lost focus, and then you must
disengage from the distraction, re-orient your attention towards the chapter and re-
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engage with the information content. When considered in the larger context of dai-
ly life, this endless dance between focus and distraction forms the undercurrent of
much of our subjective experience.

Incorporating Subjective Input into Neuroimaging Research

In order to incorporate subjective input into analytical cognitive models, we must
first identify reportable cognitive states, that is, those that are accessible to con-
scious awareness. Throughout the process of FA meditation, perhaps the most
consistently reportable moment is the experience of becoming aware of mind
wandering (i.e., AWARE). Subjectively, this is a highly salient moment of meta-
awareness, and also a necessary step in order to transition back to FOCUS.

In the experiment described here, intermediate level meditation practitioners
performed 20 minutes of breath-focused FA meditation while undergoing whole-
brain fMRI scanning, pressing a button each time they realized their mind had
wandered (signifying the AWARE moment), and then returning their focus to the
breath. This temporal information given by the button press allowed for separation
of the data into subjectively meaningful epochs around AWARE, based on the
model above. We used this information to construct the four intervals of AWARE,
SHIFT, FOCUS and MIND WANDERING around the button presses, in 3-second
epochs (for a detailed explanation of the analysis, see Hasenkamp et al. (2012).
Results show activity in brain regions associated with the task-positive attention
network during AWARE, SHIFT and FOCUS phases (Figure 4). Below, we brief-
ly summarize these results; for a full discussion and deeper consideration of the
findings, please see the original publication (Hasenkamp et al. 2012).

2 Briefly, the TR containing the button press, as well as the preceding TR, con-
stituted the AWARE phase, corresponding to awareness of mind wandering (3 sec
total). The two TRs (3 sec) before the AWARE phase were cognitively defined as
MIND WANDERING, representing loss of focus. The two TRs (3 sec) following
the AWARE phase made up the SHIFT phase, representing the shifting of atten-
tion back to the breath. Finally, the two TRs (3 sec) following the SHIFT phase
made up the FOCUS phase, representing maintenance of FA on the breath.
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Fig. 4 Summary of brain activations during the four cognitive phases of FA meditation. De-
termined by subjective input (a button press at the moment of AWARE), we constructed tem-
poral windows to represent the four phases of FA meditation (3 seconds each), and calculated
brain activity for each phase across participants. During MIND WANDERING, we saw activa-
tions in default mode regions, including the medial prefrontal cortex and the posterior cingulate
cortex. At the moment of awareness of mind wandering (AWARE), we observed highly robust
activations in the salience network, specifically in the dorsal anterior cingulate cortex and bilat-
eral insula (red areas indicate activity during a simple button-pressing task, as control for purely
motor effects). Following AWARE, during the SHIFT phase when participants were disengaging
and re-orienting their attention, we saw activations in the executive network, consisting of right
lateralized dorsolateral prefrontal cortex and parietal cortex. Finally, during sustained attention in
the FOCUS phase, activation persisted in the right dorsolateral prefrontal cortex. The known
function of these brain areas corresponds well with the mental processes associated with each of
the phases (see text for description).
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AWARE. Analysis of the AWARE phase revealed robust activations in bilateral
anterior insula and dorsal anterior cingulate cortex (Figure 4, green). These re-
gions are consistent with the subdivision of the attention network known as the sa-
lience network, described above (Seeley et al. 2007). Anterior insula and dorsal
anterior cingulate have been implicated in a diverse range of cognitive processes,
including conflict monitoring and error detection, interoceptive-autonomic arous-
al, the moment of perceptual recognition, self-regulation, emotional aspects of
pain, empathy, musical chills, pleasurable touch, and present moment awareness
(reviewed in Craig 2009; Seeley et al. 2007; Singer et al. 2009). Detection of rele-
vant or salient events is important in each of these processes, which has led to the
suggestion that these brain regions act together to comprise a general salience
network (Seeley et al. 2007). Interestingly, while most paradigms have implicated
this network in the detection of external salient events such as visual targets, the
detected event in this paradigm—a state of mind wandering— was internally gen-
erated and purely cognitive in nature. This extends the scope of the salience net-
work and supports recent suggestions that it may indeed function to detect general
salience, regardless of environment or modality (Corbetta et al. 2008; Craig 2009;
Seeley et al. 2007).

SHIFT. During the SHIFT phase, we observed significant activation in lateral
PFC (dorsal and ventral) and lateral inferior parietal cortex, with larger clusters
and more robust activation in the right hemisphere (Figure 4, orange). These fron-
toparietal regions are consistent with the subdivision of the task-positive attention
network known as the executive network, which acts on relevant stimuli (thought
to be identified by the salience network) by re-orienting or directing attention
while maintaining a goal (Corbetta et al. 2008; Corbetta and Shulman 2002; See-
ley et al. 2007). Thus, what is known about the function of this network corre-
sponds well with the hypothesized cognitive processing occurring in this phase:
shifting or re-orienting attention from mind wandering back to the breath.

FOCUS. During maintenance of attention in the FOCUS phase, a cluster in the
dorsolateral prefrontal region of the executive network remained active from the
SHIFT phase (Figure 4, yellow-orange). This may represent persistent neural ac-
tivity underlying working memory, or “keeping a goal in mind,” to maintain sus-
tained attention on the focal object (Curtis and D’Esposito 2003; D’Esposito
2007). The DLPFC has been specifically implicated in active rehearsal, which
consists of “the repetitive selection of relevant representations or recurrent direc-
tion of attention to those items” (D’Esposito 2007). Active rehearsal would be
central to the sustained attention we hypothesize is occurring in the FOCUS phase,
providing repetitive selection of, or attention to, the object (e.g., the breath).

Mind wandering. During the MIND WANDERING phase, we detected activity
in posterior cingulate cortex, medial PFC, posterior parietal/temporal cortex and
parahippocampal gyrus (Figure 4, blue); these regions have been repeatedly asso-
ciated with the DMN in prior studies (Buckner et al. 2008). This pattern supports
recent work associating the DMN with mind wandering processes (Buckner et al.
2008; Christoff et al. 2009; Mason et al. 2007).
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Overall, activations in these phases were consistent with results from previous
research showing that the respective attentional brain areas are associated with
awareness (salience), disengagement and re-orienting (executive control), and
maintenance (sustained attention). We also detected activity during MIND
WANDERING in brain regions frequently associated with the DMN, mentalizing
and self-related processing. This pattern of network activations is consistent with
cyclic alternation between default mode and task-positive networks, in which
DMN activity is associated with mind wandering, and attentional subnetworks are
associated with awareness, shifting attention, and maintaining attention.

Effects of Meditation Experience

We also sought to investigate whether there was an effect of practice time on these
activation patterns — that is, does brain activity look different during these epochs
dependent on the amount of time a person has meditated over their lifetime? By
correlating estimated lifetime practice hours (see Hasenkamp and Barsalou 2012
for algorithm) with each of these activation maps, we identified several brain re-
gions where activity varied according to meditation experience, particularly during
the SHIFT phase. One region we chose to examine further was the ventromedial
prefrontal cortex (VMPFC), a region in the DMN, which has been particularly im-
plicated in self-related processing. In this area, activity returned to baseline more
quickly following the button press in participants with more meditation experience
than in those with less experience (Figure 5). This suggested a possible increased
ability in individuals with greater meditation experience to disengage from self-
related or DMN processing upon awareness of MIND WANDERING. Research is
increasingly suggesting that neuroplastic changes occur following repeated medi-
tation practice (Baron Short et al. 2010; Brefczynski-Lewis et al. 2007; Farb et al.
2007; Farb et al. 2012; Holzel et al. 2011; Tang et al. 2010; Xue et al. 2011,
Zeidan et al. 2011), in a similar manner to other forms of experience-dependent
plasticity. In this case, perhaps disengaging from ongoing thought content (as is
required during FA meditation during the SHIFT interval) intentionally and re-
peatedly, induces neural changes that facilitate this process. This would corre-
spond with the subjective experience of many practitioners and descriptions in
practice manuals.
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Fig. 5 Correlations of brain activity with lifetime meditation experience. Left: Activity dur-
ing the SHIFT phase was negatively correlated with practice time in several brain regions
(shown in blue). The VMPFC cluster that was examined at right is circled. Right: Time courses
from the VMPFC cluster were extracted and hemodynamic response functions were calculated
from the onset of the SHIFT phase for each subject. Percent signal change (from MIND
WANDERING, mean + s.e.m.) over time is plotted for high (n=5) and low (n=9) practice partic-
ipants. Activation in this cluster was significantly reduced in high practice compared to low prac-
tice participants across the modeled time series. * Main effect of group over time by repeated-
measures ANOVA, p =0.010.

Implications

The study described above reveals several important findings, not only for under-
standing neural correlates of cognitive fluctuations during FA meditation, but also
for research methodology. By incorporating subjective input into the analytical
design, we were able to obtain a fine-grained picture of cognitive states that were
occurring in real time during FA meditation. The neural activations shown in Fig-
ure 4 occurred over a total period of only 12 seconds. Thus, the conventional
method of averaging brain activity over several minutes would surely have ob-
scured the richness of these subjective experiences and associated neural activa-
tions. As described above, these mental states also occur in daily life during other
tasks where focused attention is required. This means that similar methodologies
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could be implemented to examine general processes of mind wandering and atten-
tion monitoring and regulation.

Another implication with regard to neuroimaging study design is the somewhat
paradoxical outcome that by reducing the time window of analysis (3 seconds in
this study), but basing the precise temporal location of that window on relevant
subjective input, the researcher actually gains statistical power. Indeed, the activa-
tions at the moment of the button press (AWARE) in the above study were so ro-
bust that the p-value threshold had to be lowered to 5.0 x 10 in order to obtain a
meaningful activation map. By comparison, standard block-design neuroimaging
paradigms utilize periods of 30 seconds or more. For tasks where the mental pro-
cesses involved are consistent (although this is always an assumption, even in
standard tasks), this approach increases power tremendously, making block de-
signs preferable. However, for tasks such as FA meditation with non-advanced
participants, where mental processes are inherently variable, incorporating subjec-
tive input and reducing the time window around self-reported events may impart a
statistical advantage. Event-related designs increase power in a similar way, exam-
ining narrow temporal windows around experimenter-defined events. The differ-
ence here is that the participant determines the events based on their own experi-
ence. An initial concern is the necessarily variable number of events across
subjects, with irregular and unpredictable temporal spacing. Researchers tradition-
ally take great pains to avoid this kind of experimental variability; however, the
above study suggests that such variability is not a hindrance when the experiment-
er can be more certain about conserved mental states.

Examining Brain Activity ‘“Off the Cushion”

Detailed temporal analyses such as those described above are clearly useful in un-
derstanding the moment-to-moment cognitive shifts underlying the subjective ex-
perience of focused attention. However, to understand how cognitive skills gained
during such meditation practice may be transferred “off the cushion,” we must al-
so investigate brain states more reflective of daily life. One way to assess non-task
related neural activations is to examine “resting state” brain activity. The nature of
the brain’s resting state has generated much interest among neuroimaging re-
searchers in recent years (Lee et al. 2012; Snyder and Raichle 2012). These inves-
tigations focus on brain activity and functional connectivity when people are
asked to rest quietly and not engage in any particular mental activity. Functional
connectivity in particular has been examined as an indicator of brain areas that os-
cillate in a highly correlated pattern over time. Strong functional connectivity is
often taken to suggest that brain regions are acting together, or have increased
ability to communicate as compared to regions with weak functional connectivity.
Changes in resting state functional connectivity have been identified after learning
or practice paradigms (Leavitt et al. 2012; Schultz et al. 2012; Wang et al. 2012),
and can be interpreted as an outcome of re-wiring or neuroplastic processes.
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We reasoned that the networks identified as being involved in FA meditation
(Figure 4) are likely candidates for experience-dependent plasticity resulting from
repeated practice. Thus, these regions may express differential resting state func-
tional connectivity depending on the amount of meditation experience a person
has accumulated. To investigate this possibility, we created seeds’ to represent the
activation patterns seen in each of the four conditions above. We then used these
seeds to perform functional connectivity analysis on resting state data from the
same participants. Participants were dichotomized into groups with high and low
levels of lifetime meditation practice, and results were compared between groups
to evaluate the effect of meditation experience on the functional connectivity of
these networks. We hypothesized that participants with more meditation experi-
ence would exhibit increased functional connectivity of attentional networks, pos-
sibly reflecting plasticity induced by repeated engagement of these networks dur-
ing contemplative practice.

Figure 6 shows representative findings from this analysis (for full results, see
Hasenkamp and Barsalou 2012). Functional connectivity to the DLPFC, which
was active during sustained attention in the FOCUS phase, was increased to sev-
eral regions in the right insula in the high practice group. The insula has been im-
plicated in a vast array of tasks, including present moment awareness and sensa-
tion of internal states (Craig 2009; Hasenkamp et al. 2012). Increased coherence
of signal between right DLPFC and right insula at rest suggests that individuals
with more meditation experience may have an enhanced awareness of present
moment experience and more access to internal bodily states when employing ex-
ecutive processes in daily life. In addition, the VMPFC region found to have re-
duced activity during the SHIFT phase in high practice participants (Figure 5)
showed increased functional connectivity to bilateral regions of the inferior parie-
tal lobule in these same participants. These parietal regions are part of the execu-
tive network, and have been specifically implicated in attentional disengagement
(Posner et al. 1984). This finding supports conclusions from our previous analysis
(Figure 5); with increased coherence between these regions, experienced medita-
tors may have improved capacity for disengagement of thought content mediated
by the medial PFC region.

3 In functional connectivity analysis, the term “seed” is used to refer to the dis-
tinct brain area to which all other brain activity is compared. Brain activity over
time is plotted in the seed region, and temporal data from all other points in the
brain is correlated with this pattern. If the correlation is strong, a given area is said
to have strong functional connectivity with the seed region.
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Fig. 6 Functional connectivity differences between participants with high and low levels of
meditation experience. Upper: Increased functional connectivity in high practice participants
between the right DLPFC (active during the FOCUS phase, red) and several attentional brain re-
gions, including right insula, left DLPFC and mid-cingulate. Lower: Increased functional con-
nectivity in high practice participants between the VMPFC (correlated with practice time, red,
see Figure 5) and left inferior parietal lobule. Orange indicates increased functional connectivity
with more meditation experience; blue indicates reduced functional connectivity with more
meditation experience.

These results add to growing evidence that the amount of time an individual
spends practicing meditation is associated with activity and connectivity changes
in the brain, particularly in attentional regions (Baron Short et al. 2010;
Brefczynski-Lewis et al. 2007; Hasenkamp et al. 2012; Saggar et al. 2012). In this
analysis, we utilized seed regions that were identified through the use of subjec-
tive input provided during meditation, and examined connectivity during the rest-
ing state in the same participants. This approach arguably allowed us to examine
specific regions that would be most likely to have undergone plasticity from re-
peated meditation practice. Compared to selecting brain regions based solely on
the literature, the leveraging of subjective input enabled a directed approach that
likely increased the probability of detecting meditation-related changes.
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Extending the Model

While the basic model we propose above is useful as a starting point for this re-
search, it is clearly an over-simplification of experience, and could be extended in
many ways. I outline some possibilities here in the hopes of stimulating future re-
search that incorporates a neurophenomenological approach (see Figure 7). In do-
ing so, I reconsider the labels of the four cognitive states as well as the processes
that enable them (denoted by arrows). It should be noted that other useful models
of this process have been proposed (Tang et al. 2012; Vago and Silbersweig
2012), and the present re-formulation is offered as only one possible next step.

V\d @

% 4
® Sl OBJECT LOSS R @

) o o, O,
N v,
)Y O, 4
,\\BQS:QO * Excitement (i.e. MW) "0 Y
@V’\o\x@ * Laxity (i.e. sleepiness) G*"s&\r

A

~
P O
Y

)
=
O
&
m
(@]

=

©

R RESPOND &

* Simple disengagement
. * Directed methods S
®

Fig. 7 Possible extensions to the cognitive model of FA meditation. In this expanded model of
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First, it may be more generalizable in future research to broaden the MIND
WANDERING state so that it encompasses all possibilities in which attention is
“off” the chosen object of focus. This is denoted in Figure 7 as OBJECT LOSS.
This classification allows for more possibilities within the OBJECT LOSS state
than just mind wandering; indeed, attention can also drift from the object into a
state of dullness or sleepiness (Figure 7c). This is a different subjective experience
than the more engaged and energized state of mind wandering. In traditional Bud-
dhist accounts, these mental states are referred to as “excitement” (meaning active
thinking, roughly equivalent to mind wandering) and “laxity” (meaning a state of
dullness or sleepiness; Wallace 2006). Furthermore, the arrow indicating the tran-
sition from FOCUS to OBJECT LOSS can be labeled to reflect that this process
seems to be a natural tendency of the untrained mind (Figure 7b).

Moving forward in the cycle, the previously named AWARE moment could be
more generally described as DETECTION of object loss (Figure 7e), to more
clearly reflect the target detection function of the salience network that performs
this process. Moreover, the process that enables this detection can be described as
monitoring of attention, or meta-awareness (Figure 7d). Once the DETECTION
has been made, there may or may not be a process of diagnosis — that is, determin-
ing how the attention was off the object (e.g., via excitement or laxity; Figure 7f).
This process can also be referred to as “labeling,” or “noting.” Whether this pro-
cess is engaged in will depend on the intention of the practitioner. It is also debat-
able whether diagnosis occurs simultaneously with detection or sequentially. It
may be that in the early stages of learning, the processes are quite distinct, and
with greater experience they become more indistinguishable such that the act of
DETECTION automatically incorporates some level of diagnosis.

Once DETECTION occurs and a diagnosis is made (or even if none is made),
one can then RESPOND to the state of OBJECT LOSS (Figure 7g). This can be
done in many ways, and will also depend on the manner of OBJECT LOSS. For
example, in the case of excitement, one may simply disengage with the thought
content that has arisen, “dropping” the thoughts in order to return to FOCUS. This
is a common instruction in western styles of practice (Gunaratana 2002; Kabat-
Zinn 1990; Wallace 2006). Another approach that is encouraged in some practices
is to counteract the nature of the OBJECT LOSS through physical and/or mental
strategies; for example, if laxity has occurred, one can open the eyes, look up, take
a deep breath, perform certain visualizations, or find another way to increase ener-
gy and support vigilance (Gunaratana 2002; Wallace 2006). Whatever strategy is
used, be it mere disengagement or a more directed approach, this is the beginning
of the attentional response. Following this initial adjustment, one must then re-
engage with the chosen object by directing attention through the process of re-
orienting (Figure 7h). This re-engagement enables the FOCUS state to once again
be obtained (Figure 7a). Maintenance of this state will require working memory
and executive systems.

Another area where this model could be extended is in the serial nature of the
cycle that is implied by the arrows. In reality, of course, one’s subjective experi-
ence does not always proceed in such a clean and step-wise fashion. Rather, there
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are times when the cycle can “short circuit” after OBJECT LOSS before a suc-
cessful return to FOCUS is achieved. For example, upon DETECTION, it is pos-
sible to simply return to the distracted or dull state of OBJECT LOSS without ful-
ly disengaging or re-engaging (Figure 7i). Similarly, one can begin to RESPOND
with disengagement and re-engagement, but not return to FOCUS before another
state of OBJECT LOSS emerges (Figure 7j). Lastly, based on the subjective report
of many practitioners, there can be a sense of parallel mental states*, whereby one
retains some amount of FOCUS on the object, but passing thoughts or brief states
of dullness can co-arise, and be experienced without full OBJECT LOSS (Figure
7k).

It is important to note that in neither the original model nor this revised version,
do we mean to suggest that each of these cognitive states has a consistent duration.
Indeed, significant individual variability undoubtedly exists in the precise tem-
poral nature of the cognitive fluctuations discussed here. In our previous analysis,
we used 3-second windows surrounding the button press — an assumption based
partly on participant feedback and partly on methodological restrictions. It may be
possible in future research to more accurately determine the temporal patterns of
these states by incorporating additional subjective input. For example, one ap-
proach could be to include an additional button press when the state of FOCUS
has been re-achieved. This resulting window between the two button presses
would then denote the entirety of the RESPOND process. Similarly, one could en-
vision adding a separate, distinguishable button-press to indicate detection of ex-
citement (button 1) vs. laxity (button 2). While these approaches could provide
additional accuracy and would certainly be interesting to investigate, they may al-
so complicate analysis in several ways. For example, the addition of a second but-
ton press upon return to FOCUS would result in differing time windows for each
cycle, necessitating a more complex analytical model for neuroimaging data.
Moreover, the requirement of additional button presses could further interfere with
the naturalistic experience of FA meditation, thereby disrupting the very process
that is to be investigated. Careful consideration and experimentation is needed to
navigate the balance between an approach that reduces complex mental processes
to distinct, reportable moments, and one that embraces the totality of phenomeno-
logical experience.

Conclusions

In this chapter, I review a recent attempt to incorporate subjective report into the
neuroscientific study of cognitive processes associated with FA meditation and the

4 This proposal of parallel states of processing may or may not agree with Bud-
dhist theory, depending on tradition. It is proposed here as a result of anecdotal re-
ports collected during the course of the research described herein, as opposed to an
attempt to align with any particular textual account.
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shifts between attentional states. While still an uncommon approach, other work
using subjective report is showing similar success (Christoff et al. 2009; Fox et al.
2012). Moving forward, it is hoped that cognitive science will begin to broaden its
view of what constitutes valid evidence, and strive to develop rigorous methods of
utilizing first-person information. In addition, the study of meditation in its vari-
ous forms can be considered not only as a means to understand “mechanism of ac-
tion,” but to more clearly elucidate basic cognitive functions that are involved in
everyday mental processes. It is becoming ever clearer that simple, third-person
“objective” measurements will not suffice if we are to understand a topic as inher-
ently subjective as the human mind. The marriage of first- and third-person inves-
tigations offers great potential for those wishing to more clearly elucidate this
deeply important area of our shared experience.
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