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ABSTRACT

Psychotherapy holds great promise for bringing about therapeutic change, yet a major challenge
lies in translating short-term change into change that endures over extended time scales. In this
chapter, we tackle the “how’s” of therapeutic change through the lens of an emerging field of
research on internally-guided experience, encapsulating thoughts and feelings. We first
synthesize basic science and clinical research on functional and dysfunctional internal thought,
highlighting the importance of alterations in content, processes, and corresponding patterns of
functional activity and connectivity of the brain’s default network. Next, we introduce a
neurocognitive model highlighting spontaneous processes, deliberate processes, and automatic
affective processes that promote or inhibit the dynamics of thought. We apply this dynamic
framework to understanding mechanisms of change associated with common psychotherapies,
and review preliminary effects of therapy on brain activity and connectivity within and between
large-scale brain networks. Throughout the chapter, we note many points of convergence with
Lane and colleagues’ “Integrated Memory Model” (IMM), which inspired the edited volume to
which this chapter belongs.



1. INTRODUCTION

Recent statistics highlight that approximately one out of every five individuals in the U.S. will
experience a mental health disorder in their lifetime!, and one out of every two will experience
symptoms at a minimum of subclinical levels'. The somber reality that nearly half of the
population desires improved mental well-being signifies a significant mental health crisis, and
ignites an urgency to find solutions that work and are accessible to all who need them.
Fortunately, decades of clinical practice have yielded a variety of psychotherapy treatments that
promote beneficial change. A major challenge, however, lies in translating short-term change

into change that endures over extended time scales®.

Here we consider the "how's" of change through the lens of an emerging field of research on
internally-guided thought and emotion. Despite behaviorist biases confronting basic science
research on this topic?, recent years have brought growing interest in understanding the
functional and dysfunctional neurocognitive mechanisms underlying internal experience>”’. In
this chapter, we synthesize basic science and clinical research on internal thought and emotion to
consider how to best promote their adaptive outcomes and minimize their maladaptive ones. We
first discuss the psychological literature on the normative characteristics, affective content, and
proposed functions of internally-guided thought, and then discuss the ways in which it manifests
in a dysfunctional manner, signaling compromised well-being. We incorporate neuroscientific
perspectives, considering recent research exploring the function and organization of large-scale
brain networks in healthy and clinical populations. Finally, we consider how different clinical
therapies may modify aspects of thought and emotion, and suggest avenues for future research.
At the core of our framework lies the dynamics of internal experience, as emphasized in our
recent neurocognitive model outlining processes constraining the way thoughts and emotions
arise and unfold over time®. We propose that beneficial change over longer timescales may best
be understood and promoted by further insight into the dynamics of thinking and underlying

brain systems on much shorter time scales.

Throughout the chapter, we note many points of convergence with Lane and colleagues’

“Integrated Memory Model*” (IMM), which inspired the edited volume to which this chapter



belongs. The IMM holds that different therapies promote change through different entry points
into an overarching system whereby episodic memories, semantic structures, and emotional
responses interact to shape internal experience. According to the IMM, and the associated
LRNG model, all effective therapies involve updating previously-learned, maladaptive internal
experiences with new adaptive experiences introduced as part of the therapeutic practice. With
repeated experience associating such adaptive experiences in conjunction with old maladaptive
ones across a broad range of contexts, these experiences become transformed over time,

increasing the likelihood for beneficial enduring change.

2. INTERNAL EXPERIENCE - WHAT'S NORMAL?

Although a great deal of insight regarding the nature of functional and dysfunctional thinking can
be gleaned from introspective techniques, introspection was dismissed as an unsuitable
behavioral paradigm or topic of study throughout the behaviorist era of psychology research.
Unfortunately, this view has persisted throughout much of modern cognitive science,
psychology, and neuroscience*®. A major consequence of this historical bias is that, despite
being so personally familiar to us, relatively little is known about internal experience from a
basic science perspective, as thoughts and feelings are otherwise challenging to measure. Yet
significant progress towards understanding the precise ways in which these processes can go
awry necessitates scientific understanding of internal experience in healthy individuals. This
dilemma is even more pertinent when considering mechanisms that may predispose, precipitate,

or even ameliorate dysfunctional internal processes.

In 2010, a pair of researchers published an observation that sparked a paradigm shift towards a
broader appreciation of the importance of introspective inquiry’. Echoing elements of earlier
work that had largely been ignored (reviewed in '), these researchers demonstrated that when
more than 2,000 individuals were surveyed at random moments during everyday life, they were
nearly as likely to be thinking about something other than the "task" or "activity" at hand as they
were to be thinking about the task itself. The implications for human cognition, and for the way
human cognition had traditionally been studied, were far-reaching. The picture painted above

implies that adults are drawn to a rich inner mental life often decoupled from external task



demands. The elusive nature of this off-task focus may be mistaken as "noise," yet its ubiquitous
nature and phenomenological qualities suggest it has adaptive functions worthy of study, and of

relevance to mental health!!-13,

2a. Adaptive Functions of Everyday Thought

Despite the historical bias alluded to above, a growing number of studies have begun to yield
important insight into the phenomenological qualities of off-task and daily thoughts in typical,
healthy adults (reviewed in >!!:!4). These studies reveal that thoughts tend to concern personally-
significant topics, consistent with functional hypotheses that they serve to remind us of, and help
us solve, important unresolved "current concerns"!>. One aspect of life we often deem personally
significant is our social relationships. Accordingly, everyday thoughts sometimes take on a

social orientation!'¢!3

, perhaps allowing us to make meaning from our interactions with others,
predict others' future actions and mental states so we may act accordingly, and incorporate

people for whom we care into our sense of self-identity.

In normative samples, a number of studies have demonstrated that typical thought patterns lack
strong emotional salience, and are, on average, mildly enjoyable!®. Important trial-related
variability accompanies these means, with future-oriented thoughts often rated as more positive
than past-oriented thoughts'®. Mildly positive content may serve to facilitate mental exploration
and flexibility, which may promote formation of novel associations and generation of creative
solutions to ongoing problems. Indeed, incubations that promote mind-wandering with mindless

tasks may boost creative and prospective problem solving?’.

Another significant aspect of our lives, correspondingly reflected in our idle moments, is what
the future might hold for us. As such, a number of studies have documented a prospective bias
to off-task thoughts, including upcoming events upon which we place value, and personal goals

21-23 " These findings suggest that a major function of internally-guided

we wish to move towards
thought may be to help us predict, plan, and prepare for what may lie ahead, and act in ways that
facilitates movement toward our immediate and long-term goals?*. By mentally simulating

hypothetical futures and corresponding mental states each may bring out, we may be in a better



position to choose the most optimal route forward. At the same time, internally-guided thoughts
may have important mnemonic functions, helping us to consolidate significant past events into

2425 Indeed, periods of rest following encoding appear to be beneficial for

long-term memory
learning?®, and these mental breaks both encourage the emergence of spontaneous thoughts (see
below), and functional integration of the medial temporal lobe with cortical regions involved in
memory formation®. The mnemonic functions of spontaneous thoughts may also have
implications for the transformation of memories over time, a process tied to re-consolidation, and

thus relevant for the IMM and LRNG models of Lane and colleagues®.

Paralleling the positive affective content of everyday thought, daily experience sampling
paradigms in large groups of individuals have also revealed a prevalence of positive compared to
negative emotions, the most frequent positive emotions being joy and love, followed by
satisfaction?’. Mixed positive-negative emotions are also common, representing nearly one third
of sampled occasions. Naturally, the question arises as to whether affective states play a causal
role in subsequent thought content, and vice versa. Although studies addressing these questions
are relatively scarce, findings from negative mood induction and rumination paradigms suggest
that negative affective states increase both the frequency of internally-guided thoughts, and
promote more negative, past-focused content, with corresponding physiological correlates. Such
findings have been extended to longitudinal daily experience sampling studies, which have
additionally revealed that negatively-valenced off-task thought increases the likelihood of

subsequent negative mood?®.

In summary, a growing number of studies suggest that the content of off-task and daily thoughts
of typical, healthy adults is overall positive and constructive, suggesting numerous adaptive
functional consequences ranging from problem solving to prediction, and that these thoughts

10,11 However, it

might be at least somewhat related to concurrently-experienced emotions
should be noted that despite the adaptive functions implied by the phenomenological qualities of
such thoughts, relatively little research has experimentally quantified their functional
consequences. Longitudinal studies in which the antecedents and consequences of different
types of thought patterns and emotions on behavior and well-being mark an important direction

of future research.



2b. Neurocognitive Underpinnings of Internal Experience

Historical biases and experimental challenges thwarting our understanding of the psychology of
internally-guided thought have also limited our understanding of its neural underpinnings. The
brain system most closely linked to internal thought was discovered only two decades ago (and
entirely by accident, for that matter), as a set of regions that become more engaged during wakeful
passive states than during a variety of external tasks?’. These regions would later be coined the
"default mode of brain function" by Raichle and colleagues*’, and subsequently the "default mode
network"! (or "default network"3? (DN) for short) based on its functional network properties

(Figure 1A).

Although the precise contributions of the DN to internal experience remain unclear, a growing
number of studies suggest that the DN is better characterized by the internal mental processes it
supports than by its opposition to goal-directed tasks (reviewed in '4). By this account, the DN
becomes engaged during passive periods because such periods facilitate internal mental activity
of the nature discussed above. Yet the network also activates during a variety of task-related
contexts, particularly when task demands necessitate that individuals deliberately turn their
attention inwards®?. Along a similar vein, task contexts in which individuals experience
internally-guided thoughts unrelated to the task at hand (e.g. planning what to cook for dinner)
also engage the DN*3. Of note, many regions throughout the DN also become engaged when
participants experience a variety of positive and negative emotions®*, yet their precise roles in
emotion specifically, versus the thought processes that may often accompany such emotions,
remain unclear. Both emotion and thought are likely constructive experiences, influenced by a
variety of contextual, mnemonic, and conceptual factors®> — all processes previously linked to

the DN, as we discuss below.

Converging evidence from resting state functional connectivity and task-related functional
Magnetic Resonance Imaging (fMRI) studies suggests that the DN can be parcellated into

separate components that may support different properties of internally-guided thought. These



components include a ventrally-positioned medial temporal lobe subsystem (DNwmrr), @ more
dorsally-positioned dorsal medial prefrontal cortex (DNpwmprc) subsystem, and a centrally-
positioned core (DNcore)*® (Figure 1B). The MTL, and its cortical connections within the MTL-
subsystem, have long been appreciated for their role in episodic memory?’. However, more
recent evidence extends their mnemonic functions to other types of mental simulation such as
episodic future thinking (also called prospection), and imagination more broadly*®. According to
the constructive episodic simulation hypothesis, the DNmrL allows us to bind together bits and
pieces of past experiences and conceptual knowledge in flexible and adaptive ways®®. These
operations are proposed to account for the re-constructive nature of our memories, and also allow
for mental simulation of novel experiences — including hypothetical future ones®®. Activity
within the DNmTL often tracks the amount of visuospatial detail associated with mental

simulation3¢-#0

, suggesting it may play an important role in the specificity and visuospatial
properties of memory, prospection, and other types of thought. The DNwmtL appears tied to more
specific and contextually-detailed ways of thinking, which according to the construal level
framework of Trope and Lieberman, would be referred to as a lower level of construal?!.

In contrast to the imaginative functions of the DNmTL, the dorsal medial subsystem becomes
engaged during thoughts characterized by higher levels of construal — that is, thoughts that are
less detailed and more abstract in nature!**?. The DNpmprc has been most strongly linked to
tasks requiring individuals to reflect on their thoughts, memories, and emotions, as well as the
mental states of other people — a process known as mentalizing'**3. The DNpwmprc is often
recruited along with the DNwmtL during autobiographical memory and autobiographical
prospection tasks**, but it’s activity during such tasks has been linked to metacognitive reflection
on the contents of the memory or mental simulation*. Further supporting its role in abstract
styles of thinking, including those involved in mentalizing, the DNpwmprc is closely linked to

brain systems supporting language, comprehension, and narrative processing!'#4%.

Both subsystems are strongly interconnected with the DNcorg, a set of mainly midline regions
activating across a broad range of internally-guided tasks, especially when they involve
referencing information to one's self'*47. Activity in this network often signals strong

perceptions of self-relevancy, personal affective salience, or interpersonal closeness on the



dimension of psychological distance*®*°. As such, the DNcore may be especially engaged when
individuals experience self-focused thinking, as expanded in Section 3. However, as with the
DNbwmprrc, the precise functions of the DNcore are unclear and often debated. In fact, a recent
investigation of network properties using high resolution neuroimaging revealed a more complex
and topographically-interwoven architecture among DN components, calling the existence of a
separate DNcogre into question®®. Additionally, it’s important to note that most of the studies
referenced above have adopted analysis approaches assuming stability of neurocognitive
processes over time. Recent inquiries into the dynamics of neural activity and connectivity
reveal that DN components vary in their coherence with each other in flexible and contextually-

47, see also 48

dependent ways — an observation that will be important to keep in mind when

considering the dynamics of thought (discussed below).

Insert Figure 1 about here

3. INTERNAL EXPERIENCE GONE AWRY

The picture that emerges from the previous section is a promising one, suggesting that internal
experience may bring about positive constructive functions that help us make sense of who we
are now, where we want to be in the future, and what steps we need to take to get there. Activity
in the default network may support many functional aspects of internal experience, spanning
mental simulation to self-reflection. With so much promise, then, why might our capacity for

introspection sometimes feel like a double-edged sword?

While many individuals often experience benefits and costs to our internal thoughts, this cost-
benefit ratio varies widely between individuals. On the negative extreme are people who
experience a constant internal struggle with their thoughts and emotions. In these cases, internal
experience can take a significant toll on their personal mental and physical health, often
interfering with the quality of their interpersonal relationships and occupational success. Many

others fall somewhere in the middle of the spectrum from functional to dysfunctional.



Understanding the neurocognitive mechanisms driving this inter-individual variability might

provide keys to unlocking introspection's full potential for beneficial change.

Dysfunctional thoughts are a hallmark of numerous mental health disorders. For example,
rumination is characteristic of major depressive disorder (MDD), worry is characteristic of
generalized anxiety disorder, and intrusive thoughts also plague those with obsessive-compulsive
disorder (OCD) and schizophrenia®. Prior studies suggest that there are many ways in which
such thoughts can go awry. These include alterations in aspects of thought content (including
affective content), as well as the processes by which individuals become aware of their thoughts,
relate to their thoughts, and regulate how their thoughts arise and unfold across time. According
to the content regulation hypothesis'':'4, the content characterizing off-task thoughts is an
important factor constraining the cost and benefits of off-task thinking (see also '?). This
hypothesis proposes that individuals with poor well-being will show difficulty maximizing
positive, constructive off-task thoughts, and minimizing negative, unconstructive off-task ones.
Different disorders can be characterized to some degree by different content profiles, in line with
the cognitive content specificity hypothesis of Beck and colleagues®®. There is considerable
overlap in content across disorders as well®>, indicative of transdiagnostic processes at play (see
below). Depression and anxiety are considered characterized by overly negative thoughts®¢,
whereas mania appears to represent a focus on overly positive and grandiose content®’.

Thoughts of loss and failure, and heightened past-focus seem to be a core feature of

depression®*>6-58

, as well as heightened self-focus in thought and language, which may overlap to
some extent with symptoms of anxiety>*%°. Individuals with OCD and specific phobias exhibit

thoughts with heightened negative content associated with a fear of personal harm>#>¢,

Of note, most existing studies investigate overall thinking patterns without distinguishing
between instances in which thoughts are on-task versus off-task, marking an important avenue
for future research. A few studies have characterized off-task thoughts in depression,
highlighting more negative, self-focused, and past-oriented content®!-62, Additionally, most
studies tend to either focus on a specific aspect of content (e.g. valence or temporal-orientation),
examine the nature of participants' thoughts in laboratory contexts that may poorly mimic the

complexities of daily life, or capture thinking patterns with a single trait questionnaire rather than

10



on numerous occasions in the moment. We propose that the clinical field could benefit from
extending this inquiry to real world thought patterns across a variety of on-task versus off-task
contexts using ecological momentary assessment techniques®-%*. Quantifying and comparing the
full phenomenological profile of daily thinking patterns may help clinicians identify
transdiagnostic mechanisms that could provide clues to effective therapeutic change. To the
degree that these daily thinking patterns change prior to reported improvements in mood
symptoms, one may be able to deduce that the patterns reflect causal mechanisms, and not

simply correlates, of change.

In addition to alterations in thought content, a variety of mental health disorders exhibit
alterations in processes that govern how individuals relate to, or connect with, their thoughts.
Although thinking about personally-significant topics may help us find solutions to ongoing
personal concerns, many individuals with poor well-being tend to believe that their momentary
thoughts and emotions define them as individuals, a phenomenon referred to as "cognitive

fusion"®

. These individuals have difficulty psychologically distancing themselves from their
thoughts, which loom large and dominate their attentional focus, and likely have stronger
linkages with their affective states (Andrews-Hanna et al., unpublished data). People who score
high on measures of cognitive fusion often take their thoughts and beliefs — especially about
themselves — to be literally true (e.g., I am un-loveable, or I can’t figure this out)®®. As aresult,
they tend to act on such beliefs by engaging in avoidance, compulsive, or other dysfunctional
behaviors®®%7. Conversely, individuals scoring high on trait mindfulness show a heightened
ability to separate themselves from their thoughts and emotions (e.g., I have moments when I
don’t feel loved, or I can’t figure this out right now)%®. By perceiving thoughts as transient
experiences that come and go, mindful individuals are better able to adopt an accepting and non-

judgmental stance towards their thoughts, and refrain from considering the contents of their

thoughts as true reflections of their self-identity.

In summary thus far, a number of different mental health disorders appear to be characterized by
alterations in the content characterizing daily and off-task thoughts, as well as a variety of
processes influencing the degree to which individuals relate to their thoughts. Below we discuss

a transdiagnostic style of thinking called maladaptive repetitive thought (RT) which, in addition

11



to the alterations described above, is characterized by another important dysfunctional thought

process: regulations in the way thoughts arise and unfold dynamically over time.

3a. A Transdiagnostic Phenomenon - Maladaptive Repetitive Thought

A dysfunctional style of thinking called maladaptive RT, or sometimes perseverative cognition,
has gained recognition as a transdiagnostic phenomenon®®-72. Central to maladaptive RT is its
recurrent or perseverative nature, signaling restricted dynamics that may manifest as reduced
variability in thought content over short or extended durations. Although this variability in
thinking is not often quantified experimentally, there is some suggestion that individuals who
score high on questionnaires assessing aspects of maladaptive RT think about fewer topics
compared to healthy controls, particularly when experimentally primed to be in a state of

ruminative self-focus’>.

Although not all repetitive thoughts may be dysfunctional, RTs experienced as intrusive or
difficult to control, and predominantly negative in content, appear to have maladaptive
consequences on health and well-being!2. For example, such RTs contribute to the onset and
maintenance of mental health disorders over time’4, and are associated with heightened
physiological reactivity, poor sleep quality, and a range of other cardiovascular, autonomic and
endocrine disruptions’>’%, Maladaptive RTs prolong stressful past, present, or future experiences
by maintaining cognitive representations of those experiences over time, leading to sustained
physiological states of preparation or readiness’. As such, maladaptive RT is thought to be a
mechanism by which acute stressors can have chronic physiological effects, increasing the risk

for a number of diseases 777,

Maladaptive RT may signify impaired or over-taxed attentional control processes that might
disrupt attention to the task at hand and manifest as elevated levels of off-task thinking. Indeed,
ruminative individuals are more likely to engage in off-task thinking in laboratory settings and in
daily 1ife$>78, and off-task thinking is more likely when negative, self-relevant information is
made more salient in mood or rumination induction paradigms’. Alterations in the context of

off-task thinking in individuals who exhibit maladaptive RT are in line with context regulation

12



hypotheses, which propose that impairments in the ability to restrict off-task internal thoughts to
easy or unimportant task contexts, may lead to maladaptive functional outcomes on behavior and
well-being!!12, For example, the rumination as avoidance hypothesis states that repetitively
focusing on the causes of a loved one’s death can prevent awareness of the painful feelings

resulting from the permanent loss of the person®’.

3al. Subtypes of Maladaptive RT

Within the broader construct, there are several specific types of maladaptive RT commonly
discussed in the clinical science literature. Rumination is associated with current depressive

81.82 and prospectively predicts depression onset, intensity, and duration®”%3. Yet

symptoms
rumination is also evident in other disorders, including most prominently, anxiety®’”. Rumination
is characterized by negative and often self-focused content, and involves perseveratively fixating
on one's symptoms and causes of distress®’. Rumination is tightly linked to negative mood, and
has been shown to both precede and follow negative affective states in laboratory settings and

daily Life!26484

Worry is regarded as a common human experience independent of psychopathology °¢*°, but
excessive worry is a characteristic feature of many mood and anxiety disorders®®. Like
rumination, worry is negative in affect and often difficult to control®. This subtype of repetitive
thought is predominantly verbal in form and future-oriented, pertaining to uncertain future
situations feared to have negative outcomes®>#6, Worry is often used as an unconstructive
attempt at problem solving salient concerns, an avoidance strategy for confronting threatening
stimuli, and as a way to mentally prepare for the "worst-case-scenario." However, over time,
worry becomes negatively reinforced — exacerbating and prolonging negative affect and arousal,
with severe long-term health consequences’>. Behaviorally, worry is also associated with

procrastination, leading to difficulties in reaching one's goals®’.

Obsessions are typically associated with OCD, and involve recurrent, intrusive, and disturbing

thoughts about current experiences or events. Obsessive thoughts are usually followed by

13



compulsions, and frequently the person maintains that their thoughts or behaviors exert an

exaggerated degree of control or causal influence over the world®.

Recently, two additional subtypes of maladaptive RT have been proposed’. Yearning, or the
unrelenting desire for someone®’, is a hallmark symptom of the newly minted Persistent
Complex Bereavement Disorder’’ or Prolonged Grief Disorder™. These perseverative, intrusive
thoughts can interfere with developing current life goals and meaning, leading to dysfunction and
significant emotional distress. Interoceptive repetitive thought is the uncontrollable and repeated
attending to one’s bodily sensations (e.g., breathing or digestion) and maladaptive appraisal of
these sensations’. This somatic hypervigilance is prevalent in somatoform and anxiety
disorders®'?2, Collectively, these observations suggest that interventions that help individuals to
either engage in more positive constructive thought content, strengthen attentional control,
improve awareness of thoughts, or alter the relationships people experience with their thoughts,

may help improve well-being. We turn to such therapies in Section 6.

As illustrated in the transdiagnostic phenomenon of maladaptive RT, dysfunctional thought
across numerous mental health disorders often manifests as alterations that extend beyond that of
thought content alone. The repetitive nature of maladaptive RT suggests additional alterations in
the processes that regulate how thoughts are initiated and unfold over time. Although the precise
nature of the mechanisms that regulate the dynamics of internal thought remain to be fully
understood, we recently put forth a neurocognitive model highlighting these processes® (see
also®%%), and unpack it in the next section with the hope it may provide an illuminating clinical

framework.

4. SPONTANEITY AND CONSTRAINTS ON THOUGHT: A DYNAMIC FRAMEWORK
According to the dynamic framework model, an important characteristic underlying the varieties
of internal thought is the set of neurocognitive mechanisms that constrain the contents of one's
mental state, and the transitions between one mental state to another. When constraints on
thought are low, spontaneous thoughts are likely to emerge. Spontaneous thoughts unfold and
flow in a flexible manner, transitioning with ease from topic to topic. Conversely, when

constraints are high, thoughts become more rigid over time, characterized by a narrower

14



conceptual scope with fewer dynamic transitions. Neurocognitive constraints may be
mechanistic because when they are imposed, they may help stabilize a particular pattern (or
mode) of distributed neural activation over time. The model highlights two classes of constraints

on thought, each with different neural underpinnings and different clinical implications.

Insert Figure 2 about here

4a. Deliberate Constraints

Deliberate constraints are evoked and maintained deliberately, using top-down control
mechanisms to allocate attention to specific sources of information, and to help buffer such
attention from distraction. Deliberate constraints are exerted during goal-directed cognition, and
can be directed towards external stimuli available to the senses, or to internal representations

spanning thoughts, emotions, memories, plans and mental images (Figures 2 and 3A).

The majority of our knowledge about the neurocognitive mechanisms underlying deliberate
constraints comes from contexts in which individuals deliberately direct their attention towards
task-relevant information in the context of experimentally-constrained tasks**. However,
deliberate constraints can also be evoked in an off-task manner, as when individuals intentionally
choose to direct their attention away from the task or activity at hand®. In these contexts, what
constitutes a "task" is tricky because sustained attention toward intrinsically-motivated
information may reflect individuals' efforts to re-define and re-prioritize tasks, perhaps according
to a hierarchy of intrinsic and extrinsic goals. Off-task attention can be directed externally
(towards external, task-independent stimuli) and/or internally (towards task-independent
thoughts and emotions). For example, when listening to a dull lecture, a student may
deliberately decide to re-direct his/her attention toward the second-hand ticking around the clock.
Likewise, while participating in a psychology experiment, a participant may deliberately

disengage from the task to mentally prepare for her upcoming Physics exam. In both cases, the

15



way in which these mental states unfold over time should be relatively constrained, limited in

scope to the topics under the deliberate focus of attention.

Most prior studies have lumped deliberate and non-deliberate (i.e. unintentional) off-task
thoughts under the broader category of off-task thinking. However, recent research suggests this
distinction may have important implications for mental health and cognitive functioning®.
Individuals high in trait mindfulness report more frequent deliberate off-task thinking”®, while
individuals with symptoms of OCD and attention deficit hyperactivity disorder (ADHD) endorse
a higher frequency of unintentional off-task thinking®””®. However, as we discuss below,
unintentional thoughts can be further classified into spontaneous thoughts free from constraints,
and thoughts that are highly constrained by automatic (often affective) processes. We
hypothesize that automatically-constrained thoughts may largely account for the maladaptive

associations with unintentional thinking.

Deliberate constraints are thought to be implemented by a set of brain regions forming the
frontoparietal control network (FPCN)* -- one of seven large-scale networks in the 7-network
functional parcellation of Yeo and colleagues!® (Figure 1A and C). The FPCN includes at least
two subsystems, often referred to as the cingulo-opercular network and the frontoparietal
network, which may implement control on different timescales!®!. The FPCN as a whole, and the
frontoparietal subsystem especially, seems to function as a brain-wide network hub, showing the
highest degree of functional connectivity with numerous other large-scale brain systems at
rest!®2. During experimentally-directed tasks, the FPCN is thought to dynamically reconfigure
its coupling with other large-scale networks to allocate attentional resources to externally or
internally-oriented goals>?. For example, during visuospatial planning tasks, the FPCN increases
its coupling with the dorsal attention network (a network supporting externally-oriented
attention) and decreases its coupling with the default network. Yet when individuals plan their

103

personal future goals, the FPCN reverses its pattern of coupling'®”. Therefore, in the context of

our model, we suspect that the nature of functional coupling with the FPCN should depend on

the nature of the mental state the individual intends to promote or prohibit.

4b. Automatic Constraints and Affective Salience

16



In contrast to deliberate constraints, in which individuals intentionally guide their thoughts over
time using executive control, individuals may find that their thoughts sometimes emerge and
unfold in the absence of their deliberate control. The dynamic framework model differentiates
between two different classes of unintentional (i.e. non-deliberate) thoughts. One class we
discuss below is influenced by automatic constraints, which capture and draw one's attention to

salient sources of information.

Like deliberate constraints, automatic constraints can apply to external stimuli or internal
representations, but automatic constraints can act faster, sometimes occurring early enough to be
outside of conscious awareness. Sensory salience mechanisms are at play when salient external
stimuli capture and hold one's attention over time®. For example, someone may find herself
continually distracted by a person talking loudly across the room, or surprised when the nature or
location of upcoming external stimuli deviates from her expectations, signaling sensory
prediction errors. Of relevance to numerous mental health disorders, salient internal
representations — spanning thoughts about topics deemed to be of strong personal significance or
motivation, intense emotional feelings, and/or heightened physiological responses — capture and
constrain the nature of one's internal experience, restricting the scope and progression of
thoughts and feelings over time'* (Figure 3B). Within this framework, states of maladaptive RT
such as worry, rumination, or obsessive thoughts are characterized by excessive automatic
constraints because these states are associated with strong biases to think and feel in a certain
way, limiting the flexibility and dynamics of thought. In many situations, external and internal
salience interact to guide behavior, as when threatening external stimuli evoke affectively salient

experiences'®, which drive motor or visceral-autonomic responses!®.

An important aspect of our dynamic framework is that not all information will receive similar
attentional priority across contexts within the same individual, or across different individuals
with different patterns of thinking and feeling. An individual's current psychological state —
including their mood, motivational goal state, or homeostatic drives -- can substantially influence
what stimuli or internal representations will receive attentional priority, and thus be deemed as

tvv107,108

"salien . The influence of these contextual effects on attention may also differ across
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individuals, such that a person who experiences more frequent or intense negative mood states

(as in many mood and anxiety disorders) may experience negative material as more salient.

Consistent with the integrated memory model of Lane and colleagues'?’, automatic constraints
can be shaped by past experiences and previously-learned associations, which can, in turn, drive
new learning!!?. By this account, stimuli deemed salient in the past may be more likely to be
salient now and in the future, given emotional biases in memory and attention that may become
more pronounced if individuals ruminate on this information in the meantime. For individuals
with maladaptive RT, maladaptive patterns of thinking become learned®, leading to more potent
affective salience systems, that over time may gradually take control of one's internal experience
over a wider range of stimuli and contexts, making it easier to generalize to novel situations and
lead to overgeneralization and catastrophic thinking patterns. As such, when a salient (i.e.
negative or self-focused) thought is initiated, we hypothesize that it activates these learned
negative associations, leading to trains of thought that last longer and are less flexible in their
transitions from one thought to another. This cognitive inflexibility -- reflected as a lack of
dynamic shifts in affective content -- may be particularly noticeable when an individual is
already in a salient affective state, or when she is confronted with particularly salient

information!!1:112,

Automatic constraints are likely implemented by numerous dynamically-interacting brain
networks that signal salient sensory, interoceptive, emotional, habitual, and/or personally-
relevant information. Two networks that have been frequently-discussed in the literature are the
ventral attention network (VAN) and the somewhat-overlapping salience network (SN). The
VAN is predominantly right-lateralized, with key nodes in the right temporoparietal junction and
the right anterior insula (al), extending into inferior prefrontal gyrus'!3. The VAN has been
shown to play a role in automatically re-orienting attention to salient sensory stimuli, of which
visual stimuli have been researched most extensively. The salience network is a bilateral set of
brain regions, mostly discussed in relation to the al and the dorsal anterior cingulate cortex
(dACC)'"4, Like the VAN, the SN signals salient external stimuli, but also extends to salient
affective, interoceptive, and other internal representations. In the 7-system parcellation of Yeo

and colleagues, the VAN and the SN cluster together into a single brain system!'? (Figure 1A
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and C), consistent with domain-general accounts of an overarching functional system involved in
processing multiple types of salient information'!°, Through its dense interconnections with other
cortical and subcortical structures including the posterior/mid-insula, amygdala, hypothalamus
and periaqueductal gray, the SN is well-poised to rapidly detect afferent interoceptive signals
arising from the vagus nerve, and send descending signals via downstream autonomic pathways

to coordinate visceromotor responses’!°,

The DNcore may also implement automatic constraints, given its important role in self-related
processing (Figure 1B and C). The DNcore is strongly connected to the wider DN, and may

function as one of the brain's broader "hubs!!>."

As reviewed in Section I, the DNcore becomes
engaged across a range of internally-guided paradigms, spanning affective, mnemonic,
prospective, conceptual, and social domains, especially when tasks involve intentionally or
unintentionally referencing information to oneself'*. The DNcogrek is also robustly engaged
during periods of awake rest?*2, when individuals often think about self-relevant topics.
Activity in the anterior medial prefrontal cortex, extending into rostral ACC, increases when
individuals make judgments about other people, particularly when those judgments pertain to
other people to whom we feel close!!. These and other findings suggest that activity in the
DNcore may be indicative of a strong sense of personal and emotional connection to a particular
stimulus or train of thought. Integrating these findings with our model, we suspect that the
DNcore may implement automatic constraints on thought by biasing attention to salient self-

relevant stimuli or internal representations, which may function to restrict dynamics and stabilize

thought over time.

4c. Spontaneous Thought

Thus far, we have introduced two neurocognitive mechanisms that constrain the contents and
dynamics of one's internal experience. Although we have discussed goal-directed cognition and
maladaptive RT as phenomenological experiences that manifest when deliberate and automatic
constraints are respectively high, our model considers deliberate and automatic constraints along
two separate axes that can be evoked in a gradient-like fashion. At the other end of the spectrum

is a class of cognition known as spontaneous thought.
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Spontaneous thoughts are characterized by relatively minimal deliberate and automatic
constraints on both the content of thought and on the transitions from one thought to another.
The model considers three types of spontaneous thought that vary in the degree of constraints
imposed on them. Dreaming is a normal type of spontaneous thought characterized by the least
amount of constraints, while creative cognition is a class of spontaneous thought characterized
by the most constraints, involving dynamic shifts between spontaneity and deliberate forms of
thinking. In between dreaming and creative cognition is a common type of spontaneous thought
called mind-wandering. Since mind-wandering differs from goal-directed cognition in the
degree of constraints imposed, mind-wandering should manifest psychologically in terms of
having more variability over time (Figures 2 and 3A). It's important to note that this dynamic
process definition of mind-wandering differs from most prior definitions that consider mind-
wandering purely by its off-task contents!!”. According to the dynamic framework, an individual
who deliberately disengages from the task at hand to plan his weekend is not engaging in mind-
wandering, but rather imposing deliberate constraints to restrict the scope and flow of thought.
Indeed, recent studies suggest that the on versus off-task nature of one's thoughts and their
freedom to move are independent constructs''®. Defining mind-wandering by its processes rather
than by its off-task content also illuminates differences between mind-wandering and
maladaptive RT. Whereas content accounts of mind-wandering would consider maladaptive RT
as negatively-valenced mind-wandering, the dynamic framework holds that maladaptive RT is
not mind-wandering because affective automatic constraints make it difficult for the mind to
move freely, or wander, as is the case with spontaneous thought (see also !'!). In fact, the use of

“repetitive” in RT suggests its constrained nature.

Accumulating evidence suggests that the DNwmtL may support the emergence of spontaneous

t%7 (Figure 1B and C). Asreviewed in

thought, providing a major source of variability in conten
Section 1, activity within the DNwmrtL is high during periods of awake rest, when demands on
thought are typically low, and spontaneous memories and other internal thoughts are most likely
to occur®?. During these periods, individuals with greater connectivity within the DNwmrL report
engaging in more frequent mental simulation of the past and future?!. Although it is possible that

these findings may be driven by deliberate rather than spontaneous autobiographical thinking (as
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the distinction was not assessed in the study), several other studies also hint at the role of the
DNwrL in spontaneous thinking. For example, expert meditators with extensive training in
metacognitive awareness demonstrate high activity in the DNyt during instances corresponding
to the emergence of spontaneous thought!!?. People are also less likely to be aware of
spontaneous thoughts than deliberate thoughts®>, and a recent fMRI study using experience
sampling probes to assess on and off-task thought showed greater DNmrL activity during
unaware off-task periods compared to aware off-task periods!?’. Dreaming -- characterized by
very few constraints on thought in our model® -- has been shown to engage the DNwrL to a
greater degree than awake rest, paralleled by decreased activity within the FPCN likely reflecting

relaxed deliberate constraints!?!

. The DNwmrL has also been shown to play an important role in
creative cognition, whereby early, more flexible stages of the creative process are associated
with increases in activity in the MTL, while later, more deliberate and evaluative processes are

linked to activity throughout the FPCN and other DN subsystems!?%123,

The dynamic framework predicts that spontaneous thoughts and associated patterns of network
connectivity (especially within the DNwvrr) will exhibit more variability over time than deliberate
thoughts. Conversely, deliberate thoughts would be more likely than spontaneous thoughts to be
supported by enhanced activity within the FPCN, and enhanced connectivity between the FPCN
and the DN, including the MTL subsystem. Supporting these predictions, individuals reporting
higher scores on a trait daydreaming questionnaire demonstrated enhanced variability over time
in DNwrr connectivity during periods of awake rest. Additionally, Golchert and colleagues!'?*
found that individuals who reported more deliberate task-unrelated thought on a trait
questionnaire exhibited greater functional coupling between the FPCN and the DN, and greater
cortical thickness in aspects of the FPCN. Finally, in the context of memory retrieval,
involuntary episodic memories have been linked specifically to the DNmrL, while voluntary
episodic memories additionally involve aspects of the FPCN, likely supporting deliberate control
imposed on the retrieval process'?°. In summary, although uncovering the neural correlates of
spontaneous cognition in experimental contexts is challenged by the lack of meta-awareness
sometimes associated with spontaneous thinking, a variety of studies using indirect approaches

to estimate spontaneous processes point to the critical role of the DNmtL.
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4d. Interactions Among Types of Thought

An important consideration of our model is that it allows for interactions between, and shifts in,
the processes that influence how thoughts are evoked and unfold over time (Figure 3). At one
point in time, an individual's mental state or train of thought may be characterized as
spontaneous, perseverative, or goal-directed in nature, depending on the presence or lack of
constraints outlined previously. Yet seconds later, her mental state may shift in our state space
model. For example, an individual's chain of thinking in an epoch of time could be characterized
as spontaneous and freely-moving with ease. She may then become aware of her thinking, and
implement deliberate constraints to guide her train of thinking in one way or another. These
deliberately-constrained thoughts may then shift to spontaneously-emerging thoughts after
constraints start to wane over time. Or perhaps an anxious individual notices he is worrying
about an upcoming social confrontation that he has been fearing, which triggers perseverative,
negative self-evaluative thoughts and a pounding heartbeat. He may then try to implement

deliberate constraints to reappraise the situation or redirect his attention to his surroundings.

Insert Figure 3 about here

These examples illustrate the tension that sometimes exists between the types of cognition
outlined in our model. Often, deliberate constraints are implemented to deliberately redirect
attention away from affectively-constrained or spontaneously-evoked thoughts. The use of
deliberate constraints to attempt to regulate one's thoughts and emotions is of particular
relevance to a number of psychotherapeutic interventions, as discussed in the next section. Being
aware of the nature of one's mental state may be an important process influencing these

processes.

5. CLINICAL IMPLICATIONS OF DYSFUNCTIONAL CONSTRAINTS

The model outlined above offers testable predictions regarding the clinical consequences of

neurocognitive alterations in deliberate, automatic, and spontaneous internal experiences.
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Although comparison across existing studies is complicated by methodological and participant
variability, these predictions are broadly supported by existing literature, and point to key

mechanisms of therapeutic change.

One important prediction of our model is that individuals who exhibit strong impairments in the
structural and/or functional integrity of the FPCN should exhibit difficulty deliberately
controlling the nature of their internal experience. These impairments may manifest as increased
distractibility from task-irrelevant stimuli or unrelated thoughts, poor task performance, and
deficits in learning and memory. Deliberate off-task thoughts may also be less frequent, shorter,
and more fragmented, and goal-directed internally-guided processes such as autobiographical
planning and problem solving may be particularly compromised. As deliberate constraints
restrict the dynamics of thought, an impaired FPCN predicts more temporal variability in the

phenomenological characteristics of internal experience.

In line with these predictions, numerous mental health disorders including MDD, anxiety
disorders, OCD, schizophrenia, bipolar disorder, and ADHD have been associated with structural
impairments and/or functional abnormalities within the FPCN (reviewed in !26). In MDD and
rumination, these findings include reductions in regional grey matter volume within the FPCN,

weaker functional connectivity between FPCN regions at rest!?’

, and more variable connectivity
between the FPCN and the DNcore over time!?3, consistent with the FPCN providing less stable
deliberate constraints on the flow of thought. Task-related hypoactivity of the FPCN is also
frequently noted in MDD'?, yet hyperactivity is also sometimes observed. In individuals with
MDD and trait rumination, neural abnormalities in the FPCN are paralleled by impairments in

major domains of executive functioning!'3%13!

, and an increased propensity for task-unrelated
thinking®. Lending further support are studies showing improvements in MDD symptoms
following transcranial magnetic stimulation of the dorsolateral PFC'?2, a key node of the FPCN.
Collectively, these findings predict that clinical therapies that help to restore deliberate
constraints on cognition by strengthening attentional control over one's internal experience may

work particularly well.
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Anxiety has been linked to somewhat similar alterations within the FPCN!33, yet alterations in
salience networks are more consistently observed in anxiety!*3. In anxiety and depression,
negative and threat-evoking stimuli capture attention to a greater degree, which may occupy
more working memory resources, leading to fewer resources available for additional cognitive
processing!**. Considering the heightened salience of negative and threat-related material,
stronger deliberate constraints may be required to suppress such material, leading to an overtaxed
and ineffective FPCN. Whether dysfunctional deliberate control processes are a cause or a

consequence of mood and anxiety disorders remains an open question.

Similar to deliberate constraints, automatic constraints should also stabilize internal experience
over time, yet these constraints lack volitional control and work by automatically drawing one's
attention to specific sources of information. For depressed, anxious, and ruminative individuals
who have a history of experiencing maladaptive associations with certain classes of material,
thoughts and attention may be more strongly drawn to this material, and consequently

104 Tn these

characterized by a narrower conceptual scope with less variability over time
individuals, our model predicts that brain networks supporting automatic affective constraints
should be engaged more robustly and perhaps more frequently in mood and anxiety disorders,

particularly when exposed to contexts that have previously evoked heightened attention.

Supporting these predictions, individuals with high state and trait anxiety exhibit heightened
resting state connectivity within the salience network, and heightened salience network
connectivity with the amygdala, a subcortical target of the network!!#!33. These regions also
demonstrate enhanced activity in anxious individuals during tasks involving negative and threat-

136 "and they are particularly engaged during panic attacks'®’. Structural alterations

related stimuli
in salience networks are also apparent, whereby increased trait anxiety is associated with white
matter profiles indicative of more rapid and efficient network communication between the
anterior insula and the basolateral amygdala!3>. Behaviorally, these neural changes manifest as
attentional biases to negative and threat-related stimuli that occur especially quickly, even prior
to conscious awareness!'*%139. At the pharmacological level, anxiolytics such as propranolol and

alcohol have been found to dampen the physiological response to typically threat-provoking

stimuli and reduce functional connectivity within the salience network!4%-141,

24



Although individuals with depression and trait rumination also exhibit alterations in activity and
connectivity of the salience network!#%, network alterations in these individuals are particularly
pronounced in the DNcore and the dMPFC. As reviewed in the previous section, activity in the
DNcore signals strong personal significance, and likely implements automatic constraints on
cognition when external stimuli and internal thoughts are deemed particularly self-relevant, or
psychologically "close" to one's current sense of self. Consistent with the model’s predictions,
depressed and ruminative individuals exhibit heightened activity and functional connectivity
within the DNcorg, both at rest and following rumination induction!?%142-144 Recent
investigations into functional network dynamics in MDD using dynamic connectivity fMRI are
consistent with these findings, showing stronger and more stable connectivity between the
aMPFC and the parahippocampal cortex (a component of the DNwmrr) at rest'?8. Relatedly,
enhanced dMPFC connectivity with other regions within and outside the DN has been observed
in MDD!#2:1%5 perhaps reflecting a predisposition towards more abstract, high levels of
construal, including overgeneral (i.e. less specific) autobiographical memories!® and styles of
thinking reviewedin 33, butsee 64 - Co|lectively, these findings predict particular promise for clinical
therapies that dampen automatic constraints on cognition, increase the variability of internal
experience, and cause the evaluation of core beliefs about the self using concrete thoughts and

memories.

Exacerbated affective constraints on thought, and impairments in the ability to effectively
implement deliberate constraints, should have downstream effects on the frequency of
spontaneous thought and the integrity of its neural underpinnings, hypothesized to rely on an
intact DNwmTL. Although to our knowledge, spontaneous thoughts have yet to be investigated in
MDD, anxiety, and other forms of maladaptive RT, we predict spontaneous thoughts will occur
less frequently in these disorders, leading to detrimental outcomes on learning and memory,
creativity, and mental health. Supporting these hypotheses, depression has been associated with
reductions in hippocampal volume!*’, accompanied by deficits in episodic and autobiographical
memory #6148 Compared to non-depressed individuals, depressed individuals have also been
shown to demonstrate reduced DNwmtL activity and enhanced anterior DNcore activity during

autobiographical memory and prospection tasks'#.
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6. MECHANISMS OF CHANGE

Across different psychotherapeutic modalities, maladaptive RT and other types of dysfunctional
internal experience are addressed in a variety of ways. Sometimes the application of treatment
interventions is very specifically designed to deal with the intrusive and distressing nature of
maladaptive thoughts. At other times, the cognitive effect of psychotherapy is a byproduct of a
therapeutic process targeting behavior or mood. These psychotherapeutic methods could be
divided into three overarching strategies, although many other strategies might be distilled’>!%.
They include: a) distracting individuals from their thoughts by promoting positive associations
with behavior, b) manipulating the content of the thoughts themselves, c) promoting awareness
and acceptance of thoughts. Below we introduce three classes of therapies adopting these
strategies, and consider each’s potential for inducing enduring change from the perspective of the

dynamic neurocognitive model outlined above.

6a. Behavioral Activation

An empirically-based psychotherapy called behavioral activation (BA) is based on a model that
highlights the association between mood, activity, and reinforcement'>*!>!, In depression,
avoidance and withdrawal behaviors maintain depressive symptoms by preventing individuals
from engaging in aspects of daily life that could have a rewarding, anti-depressant impact 132133,
BA strategies may include scheduling daily activities and rating the degree of enjoyment and
satisfaction one derives from specific activities, among others 132, Strengthening positive
associations with constructive behaviors may have lasting effects on clients’ perceived value of
such behaviors, making it easier for them to prioritize such behaviors as deliberate “goals”.
Through repeated exposure to goal-oriented behaviors and increased feelings of self-efficacy,
behavioral activation has been shown to successfully break down avoidant behaviors and
maladaptive RT (including worry)!>*. Although the objective in behavioral activation is to have
clients engage in rewarding activities in their lives, an important secondary effect may be to
distract them, or release them from the automatic constraints of maladaptive RT. This effect
might manifest as an increase in cognitive flexibility, heightened variability in the content of

everyday thought, and a more regular instantiation of goal-directed cognition.
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6b. Cognitive Behavioral Therapy

Cognitive Behavioral Therapy (CBT) -- another empirically-based therapy with important links
to our model -- is one of the most widely-practiced and extensively-researched clinical therapies,
with evidence of long-term post-treatment benefits'>>. Although CBT often incorporates some
degree of behavioral practices!>!, CBT is chiefly designed to improve well-being by targeting the
maladaptive nature of dysfunctional thoughts and beliefs. CBT teaches clients to consider the
accuracy and utility of their thoughts by examining the cognitive errors and flawed logic
contained in such thoughts. Clients gain practice monitoring and labeling the content of their
thoughts, the precipitating situations and dysfunctional beliefs that often evoke them, and the
behavioral responses and mood changes that typically follow!'*®. For example, a person who
developed a core belief through harsh parenting that they were too “big for their britches” might
follow every thought of their own achievement with a self-deprecating internal comment. The
person would likely be unaware of this sequence, due to the automaticity of the thought pattern.
However, with repeated practice, negative semantic scripts and schemas that precipitate
dysfunctional thoughts become modified, and automatic constraints on thought may gradually
break down. Within the context of our model, everyday thoughts may become more positive,
constructive, and less bothersome over time, leading to an increased likelihood of unfolding
more easily and flexibly. The process of modifying thoughts and implicit conceptual
associations may have downstream effects on one’s affective states and traits, improving mood

and well-being over time.

Notably, initial neuroimaging studies examining the neural changes associated with CBT provide
promising support for our model. CBT has been shown to reduce the neural reactivity and
functional-anatomic integrity of salience networks'>7-13° and the DNcore!?, while concurrently
strengthening the structural integrity of the FPCN and hippocampus!¢!, and connectivity between
the FPCN and DN'62, These results point to neural mechanisms underlying CBT that may allow
individuals to evoke deliberate constraints to more effectively down-regulate their dysfunctional
negative thoughts, and/or more rapidly and efficiently re-direct and sustain attention to more

constructive forms of internal experience.
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6c. Mindfulness-Based Therapies

Mindfulness as a process of regulating internal experience has been discussed throughout the
present paper, and is a component of interventions such as Acceptance and Commitment
Therapy (ACT)!%), Mindfulness-Based Stress Reduction'®* and Mindfulness-Based Cognitive
Therapy!%. In contrast to CBT, mindfulness approaches do not aim to modify the content of
one’s maladaptive thoughts. Instead, these approaches work by helping individuals alter the
relationships they experience with their thoughts, particularly by dampening the propensity for
individuals to be overly “fused” with their thoughts, as discussed in Section 3. Mindfulness
therapies teach individuals to let their thoughts emerge spontaneously without conceptual self-
judgment, and to recognize that their thoughts are temporary, dynamic experiences that come
and go and do not represent reflections of their self-identity — processes known as “defusion” or

265,68

“decentering . Support for these hypothesized mechanisms comes from studies

demonstrating decreased activity within the DNcore in expert meditators!'®® and following

mindfulness training!¢’

. Given the possible role of the DNcore in implementing automatic
constraints on thought by biasing participants towards personally-salient information, these
findings suggest that the process of psychological distancing inherent to defusion may also serve
to dampen personal automatic constraints and increase thought flexibility and variability. Future

studies could test this hypothesis using dynamic neuroimaging and introspective techniques.

A critical step towards helping individuals change the relationships they experience with their
thoughts is the process of becoming aware of those thoughts in the first place. Indeed, many
exercises implemented in mindfulness therapies (i.e. meditation, yoga, breathing exercises, body
scans, etc.) teach individuals to be more in tune with the present moment, spanning thoughts,

emotions, perceptions, and sensations!6®

. When clients notice their attention has deviated away
from the present moment, they are instructed to nonjudgmentally redirect their attention back to
the here-and-now. These practices may function to strengthen attentional control and cognitive
flexibility, providing individuals the means to become aware without judgment, and to flexibly
shift their attention back to relevant “tasks” shortly after noticing the emergence of disrupting

internal experiences.

28



The impact of mindfulness-based therapies on increasing present moment awareness, enhancing
cognitive flexibility, and facilitating defusion may also relate to their promise for altering the
level of construal with which internally-guided thoughts occur. Mindfulness therapies have been

169,170

reliably shown to enhance the specificity of autobiographical memories and personal

goals!”!

, suggesting an overall shift towards thinking characterized by lower levels of construal.
Within the model’s neurocognitive framework, we hypothesize that mindfulness therapies will
rebalance the relationship between brain networks associated with automatic, deliberate, and
spontaneous thought. For one, greater awareness of the present moment may counterintuitively
increase activity within the anterior / mid-insula and the broader salience network. However, the
process of decreasing absorption through defusion and non-judgment may shorten the temporal
duration of salience network activity, and decrease the abnormally elevated activity and
connectivity within the DNcore and between the DNcore and the salience network. Dampening
the neural underpinnings that automatically constrain internal experience may create more
opportunities for the emergence of purely spontaneous thought. These changes may also be
paralleled by increases in the integrity and efficiency of the FPCN. Although mindfulness
approaches do not aim to alter thought content, their promise for regulating the dynamics of
thought may have unintended long-term effects on thought content, leading to an increase in the

ratio of positive and constructive to negative, unconstructive thoughts over time.

Although initial studies provide some support for predictions of our model'®’, comparison across
studies is limited by the large degree of methodological limitations and heterogeneity. Additional
support comes from meta-analyses of studies comparing experienced meditators versus novices,
which may differ in a number of respects beyond meditation practice alone. Nonetheless, these
studies highlight enhanced fMRI activity and changes in brain structure within the FPCN, insula,
hippocampus, and other regions, and decreases in activity within the DNcore 67172173, As with
the other clinical therapies discussed above, it remains for future research to determine the

robustness and specific mechanisms behind these findings.

7. SUMMARY AND FUTURE DIRECTIONS
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Throughout this chapter, we have reviewed the intersection of basic science and clinical research
on internal experience, highlighting a traditionally underappreciated facet of human cognition
with important mental health relevance. In the first half of the chapter, we discussed evidence
suggesting that in the absence of mental health concerns, task-unrelated and related thoughts
show largely positive, constructive characteristics indicative of adaptive problem solving,
planning, and social navigation. Neuroimaging studies suggest that these facets of self-generated
thought are supported by a heterogeneous brain network called the default network. When
mental health concerns are present, daily thinking patterns are more likely to be characterized as
negative, unconstructive, and (often) overgeneral. Yet alterations extend far beyond changes in
thought content alone. Dysfunctional thought patterns are often repetitive and uncontrollable,
suggesting additional changes in ways thoughts arise and unfold over time. Maladaptive
outcomes may be associated with alterations in the relationships people experience with their
thoughts, with heightened connection or thought fusion, perhaps signifying stronger emotional
and personal salience. Impairments in meta-cognitive awareness also often contribute to poor

mental health, likely contributing to additional difficulty regulating one’s internal experience.

In the second half of the chapter, we introduced a recently developed dynamic neurocognitive
framework for understanding the mechanisms of dysfunctional internal experience. This model
highlights how automatic constraints on thought draw one’s attention to salient sources of
information, restricting the conceptual scope and dynamics of thought over time. Deliberate
constraints, which serve to stabilize internal experience using top-down control, can be evoked to
overcome automatic constraints and guide thoughts in a volitional fashion. While clinical
research is consistent with alterations in both automatic and deliberate constraints -- as well as
the salience, DNcorE, and frontoparietal control networks that support these constraints -- little is
known about the characteristics of spontaneous thought in healthy or clinical populations.
Existing research suggests the DNmtL may play a critical role in eliciting spontaneous thought,
which appears structurally and functionally altered in depression. The dynamic framework also
makes several predictions regarding the mechanisms by which beneficial change might occur.
Thus in the last part of the chapter, we survey common clinical therapies targeting different

mechanisms, and note preliminary effects of therapy on brain activity and connectivity.
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7a. Future Directions

The last several years have brought promising advances in our understanding of the brain and
behavioral underpinnings of clinical dysfunction. Yet many questions still remain, and relatively
little is still understood about how clinical therapies actually work!”. This chapter joins others in
this edited volume to exchange cross-disciplinary perspectives on enduring change by bringing

together basic scientists and clinical psychotherapists.

Here we propose that greater insight into the mechanisms of change should start with a deeper
understanding of the nature of internal experience itself, including the content characterizing
functional and dysfunctional thoughts across a variety of contexts, as well as the processes
constraining how thoughts arise and unfold over time. To address these gaps, future research
could include ecological momentary assessment paradigms to explore how multiple facets of
thinking spanning the content and processes discussed above arise and unfold across a variety of
real-world contexts. Neuroimaging studies could relate the content and dynamics of thought to
the three brain systems hypothesized from our dynamic framework model (the DN, salience
network, and FPCN) by examining how thoughts and their corresponding neural underpinnings
arise, unfold and interact over time. Studies could examine the dynamic trajectories of thoughts
as they occur naturally during unconstrained states, as well as before and after experimentally

manipulating automatic and deliberate constraints on thought.

The predictions extending from our dynamic framework model (see Sections 4 and 5 and Figure
3) could be tested in individuals spanning the spectrum of functional to dysfunctional thoughts,
both before and after treatment with clinical therapies. These efforts could be paralleled by
developing new paradigms that seek to supplement introspective report and uncover less
disruptive and multi-method indices of internal experience, particularly in the context of clinical
interventions. Finally, insight into mechanisms of change could be advanced by measuring co-
occurring physiological signals during single therapy sessions, by analyzing aspects of the
dialogue between clients and therapists during such sessions, and by adopting exercises
employed during therapy into specific tasks that can be mimicked in laboratory experiments. We

hope that bringing together basic scientists and clinical psychotherapists to share their
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perspectives on enduring change will inspire future collaborative research on this important

topic.
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GLOSSARY

Automatically constrained thought: Inflexible thoughts that occur outside of one’s deliberate
control and that are biased towards a restricted set of information. Includes affectively salient
thoughts, personally salient thoughts, habitual thoughts, maladaptive repetitive thought, and

thoughts coupled to perceptually salient stimuli (e.g. a fly buzzing around the room).

Default network: A brain system comprised of cortical (mostly association regions),
subcortical, and cerebellar regions that supports the emergence of internally-guided thought.
Comprised of disparate components that contribute to different aspects of internally-guided
thought. One DN component may bias thoughts towards personally-salient information,
providing a source of automatic constraints; another DN component may support the emergence

of spontaneous thought.

Deliberately constrained thought: Internally-guided and/or perceptually-coupled thought

characterized as being evoked and maintained deliberately, using top-down control.

Frontoparietal control network: A brain system comprised of cortical (mostly association
regions), subcortical, and cerebellar regions that supports deliberate, goal-directed cognition and

provides a source of deliberate constraints on thought.

Internally-guided thought: Cognition that unfolds in a manner not directly tied to immediate
perceptual stimuli. Considered synonymous with internally-oriented thought, internal mentation,
self-generated thought, perceptually-decoupled thought, stimulus-independent thought, or

imaginative thought (broadly construed).
Maladaptive repetitive thought: Automatically-constrained thought characterized by being
restricted in focus, perseverative in nature, and associated with maladaptive consequences on

well-being.

Mental state: As in Christoff et al.%: “A transient cognitive or emotional state of the organism

that can be described in terms of its contents (what the state is ‘about’) and the relation that the
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subject bears to the contents (for example, perceiving, believing, fearing, imagining or

remembering).”

Perceptually-guided thought: Cognition that unfolds in a manner directly tied to information
currently available to the senses. Synonymous with perceptually-coupled thought and stimulus-

dependent thought.

Resting state functional connectivity: A neuroimaging technique examining temporal
correlations in brain activity between spatially-disparate regions during extended periods of

awake rest.

Spontaneous thought: Thought that arises and transitions relatively freely due to an absence of

strong deliberate or automatic constraints on cognition.

Salience Network: A system of cortical, subcortical and cerebellar regions that implements
automatic constraints on cognition, biasing thoughts towards perceptually and affectively-salient

sources of information.

Off-task thought: Internally-guided and/or perceptually-guided thought whose content is

unrelated to the task at hand. Synonymous with task-unrelated thought.

Thought: We operationalize “thought™ as in Christoff et al.® as “A mental state, or a sequence of
mental states, including the transitions that lead to each state.” Our definition includes
consciously-accessible thoughts, as well as thoughts that are not immediately accessible to

conscious awareness.
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FIGURE CAPTIONS

Figure 1. Key Brain Networks Contributing to the Dynamics of Internal Thought.

A) As discussed in the text, several large-scale, interacting brain systems make important
contributions to the dynamics of internal experience. The frontoparietal control network (FPCN;
orange) is thought to implement deliberate constraints, providing a source of stability on thought.
A broader salience network (SN; purple) is thought to implement automatic constraints, also
contributing to thought stability. B) The default network (DN; pink) can be fractionated into
subsystems that may contribute differently to the dynamics of internal experience. The DNcore
is hypothesized to provide automatic constraints on thought, while the DNyt may allow
spontaneous thoughts to emerge, providing a source of variability. C) Hypothesized network
interactions associated with the dynamics of thought. Arrows represent functional connections
between brain networks, shaded by whether they provide a source of variability (as in
spontaneous thought), or constraints on thought. FPCN = frontoparietal control network; DNcore
= Core subsystem of the default network; DNmrL = medial temporal lobe subsystem of the
default network; DAN = dorsal attention network, thought to support visuospatial attention.

Figures adapted from Yeo et al.!% and Christoff et al.®.

Figure 2. A Neurocognitive Model of the Dynamics of Internal Thought.

As described in the text, and as originally outlined by Christoff et al., the way in which internal
thinking emerges and unfolds over time depends on the degree of deliberate or automatic
constraints concurrently imposed. Spontaneous thoughts -- spanning dreaming, mind-wandering,
and creative cognition — are relatively free from constraints on thought. As a result, spontaneous
thoughts are characterized by a high degree of variability in content over time. Deliberate and
automatic constraints function to stabilize internal thought over time, restricting the conceptual
scope and dynamic flow of thought. Goal-directed cognition is characterized by strong
deliberate constraints. Maladaptive repetitive thought is characterized by strong automatic
constraints. Note that we conceive of deliberate and automatic constraints on a continuum, with
smoother boundaries between classes of thinking than illustrated here. Figure reproduced with

permission from Andrews-Hanna et al., in press®.
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Figure 3. Hypothesized Neurocognitive Underpinnings of Transitions between Classes of
Internal Thought. In this hypothetical example of an extended stream of thought, an individual
may find that his/her thoughts transition between spontaneous, automatic, and deliberately-
constrained internal thinking. Functional network interactions hypothesized to support each
class of internal experience are illustrated below this first-person example of subjective
experience. Thicker arrows represent stronger functional connections between networks. FPCN
= frontoparietal control network; DNcore = Core subsystem of the default network; DNmrL =

medial temporal lobe subsystem of the default network. Figure adapted from Christoff et al.®.

37



REFERENCES

10.

Kessler RC, Angermeyer M, Anthony JC, et al. Lifetime prevalence and age-of-onset
distributions of mental disorders in the World Health Organization’s World Mental Health
Survey Initiative. World Psychiatry. 2005;6(3):168-176. doi:10.1001/archpsyc.62.6.593
Rai D, Skapinakis P, Wiles N, Lewis G, Araya R. Common mental disorders,
subthreshold symptoms and disability: longitudinal study. Br J Psychiatry.
2010;197(5):411-412. doi:10.1192/bjp.bp.110.079244

Lane RD, Ryan L, Nadel L, Greenberg L. Memory reconsolidation, emotional arousal,
and the process of change in psychotherapy: New insights from brain science. Behav
Brain Sci. 2015;38:el. doi:10.1017/S0140525X14000041

Callard F, Smallwood J, Margulies DS. Default Positions: How Neuroscience’s Historical
Legacy has Hampered Investigation of the Resting Mind. Front Psychol.
2012;3(September):321. doi:10.3389/fpsyg.2012.00321

Smallwood J, Schooler JW. The Science of Mind Wandering: Empirically Navigating the
Stream of Consciousness. Annu Rev Psychol. 2015;66:487-518. doi:10.1146/annurev-
psych-010814-015331

Christoff K, Irving ZC, Fox KCR, Spreng RN, Andrews-hanna JR. Mind-wandering as
spontaneous thought: a dynamic framework. Nat Rev Neurosci. 2016;17(11):718-731.
doi:10.1038/nrn.2016.113

Fox KCR, Andrews-Hanna JR, Christoff K. The neurobiology of self-generated thought
from cells to systems: Integrating evidence from lesion studies, human intracranial
electrophysiology, neurochemistry, and neuroendocrinology. Neuroscience.
2016;335:134-150. doi:10.1016/j.neuroscience.2016.08.020

Andrews-Hanna JR, Irving ZC, Fox KCR, Spreng RN, Christoff K. The Neuroscience of
Spontaneous Thought: An Evolving, Interdisciplinary Field. In: Fox KCR, Christoff K,
eds. The Oxford Handbook of Spontaneous Thought. New York City: Oxford University
Press.

Killingsworth MA, Gilbert DT. A wandering mind is an unhappy mind. Science.
2010;330(6006):932. doi:10.1126/science.1192439

McMillan RL, Kaufman SB, Singer JL. Ode to positive constructive daydreaming. Front

38



11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

Psychol. 2013;4(September):626. doi:10.3389/fpsyg.2013.00626

Smallwood J, Andrews-Hanna JR. Not all minds that wander are lost: the importance of a
balanced perspective on the mind-wandering state. Front Psychol. 2013;4(August):1-6.
doi:10.3389/fpsyg.2013.00441

Watkins ER. Constructive and unconstructive repetitive thought. Psychol Bull.
2008;134(2):163-206. doi:10.1037/0033-2909.134.2.163

Watkins ER. Level of construal, mind wandering, and repetitive thought: Reply to McVay
and Kane (2010). Psychol Bull. 2010;136(2):198-201. do0i:10.1037/a0018563
Andrews-Hanna JR, Smallwood J, Spreng RN. The default network and self-generated
thought: component processes, dynamic control, and clinical relevance. Ann N Y Acad Sci.
2014;1316:29-52. doi:10.1111/nyas.12360

Klinger E. Structure and Functions of Fantasy.; 1971.

Andrews-Hanna JR, Kaiser RH, Turner AEJ, et al. A penny for your thoughts: dimensions
of self-generated thought content and relationships with individual differences in
emotional wellbeing. Front Psychol. 2013;4(November):1-13.
doi:10.3389/fpsyg.2013.00900

Mar RA, Mason MF, Litvack A. How daydreaming relates to life satisfaction, loneliness,
and social support: the importance of gender and daydream content. Conscious Cogn.
2012;21(1):401-407. doi:10.1016/j.concog.2011.08.001

Ruby FIM, Smallwood J, Sackur J, Singer T. Is self-generated thought a means of social
problem solving? Front Psychol. 2013;4:962. doi:10.3389/fpsyg.2013.00962

Fox KCR, Andrews-Hanna JR, Mills C, et al. Affective neuroscience of self-generated
thought. Ann N Y Acad Sci. 2018:1-27.

Baird B, Smallwood J, Mrazek MD, Kam JWY, Franklin MS, Schooler JW. Inspired by
Distraction: Mind Wandering Facilitates Creative Incubation. Psychol Sci.
2012;23(10):1117-1122. doi:10.1177/0956797612446024

Andrews-Hanna JR, Reidler JS, Huang C, Randy L, Buckner RL. Evidence for the Default
Network’s Role in Spontaneous Cognition. J Neurophysiol. 2010;104:322-335.
doi:10.1152/jn.00830.2009

Baird B, Smallwood J, Schooler JW. Back to the future: Autobiographical planning and
the functionality of mind-wandering. Conscious Cogn. 2011;20(4):1604-1611.

39



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

doi:10.1016/j.concog.2011.08.007

McVay JC, Kane MJ. Does mind wandering reflect executive function or executive
failure? Comment on Smallwood and Schooler (2006) and Watkins (2008). Psychol Bull.
2010;136(2):188-207. doi:10.1037/a0018298

Andrews-Hanna JR. The brain’s default network and its adaptive role in internal
mentation. Neuroscientist. 2012;18(3):251-270. doi:10.1177/1073858411403316
Christoff K, Gordon A, Smith R. The role of spontaneous thought in human cognition. In:
Vartanian O, Mandel D, eds. Neuroscience of Decision Making. New York City:
Psychology Press: Taylor & Francis Group; 2011:259-284.

Dewar M, Alber J, Butler C, Cowan N, Della Sala S. Brief wakeful resting boosts new
memories over the long term. Psychol Sci. 2012;23(9):955-960.
doi:10.1177/0956797612441220

Trampe D, Quoidbach J, Taquet M. Emotions in Everyday Life. PLoS One.
2015;10(12):e0145450. doi:10.1371/journal.pone.0145450

Poerio GL, Totterdell P, Miles E. Mind-wandering and negative mood: does one thing
really lead to another? Conscious Cogn. 2013;22(4):1412-1421.
doi:10.1016/j.concog.2013.09.012

Shulman GL, Fiez JA, Corbetta M, et al. Common blood flow changes across visual tasks:
II. Decreases in cerebral cortex. J Cogn Neurosci. 1997;9(5):648-663.

Raichle ME, MacLeod AM, Snyder AZ, Powers WJ, Gusnard DA, Shulman GL. A
default mode of brain function. Proc Natl Acad Sci U S A. 2001;98(2):676-682.
doi:10.1073/pnas.98.2.676

Greicius MD, Krasnow B, Reiss AL, Menon V. Functional connectivity in the resting
brain: a network analysis of the default mode hypothesis. Proc Natl Acad Sci U S A.
2003;100(1):253-258. doi:10.1073/pnas.0135058100

Buckner RL, Andrews-Hanna JR, Schacter DL. The brain’s default network: anatomy,
function, and relevance to disease. Ann N Y Acad Sci. 2008;1124:1-38.
doi:10.1196/annals.1440.011

Fox KCR, Nathan Spreng R, Ellamil M, Andrews-Hanna JR, Christoff K. The wandering
brain: Meta-analysis of functional neuroimaging studies of mind-wandering and related

spontaneous thought processes. Neuroimage. 2015;111:611-621.

40



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

doi:10.1016/j.neuroimage.2015.02.039

Lindquist KA, Wager TD, Kober H, Bliss-Moreau E, Barrett LF. The brain basis of
emotion: a meta-analytic review. Behav Brain Sci. 2012;35(3):121-143.
doi:10.1017/S0140525X11000446

Barrett LF, Satpute AB. Large-scale brain networks in affective and social neuroscience:
towards an integrative functional architecture of the brain. Curr Opin Neurobiol.
2013;23(3):361-372.

Andrews-Hanna JR, Reidler JS, Sepulcre J, Poulin R, Buckner RL. Functional-anatomic
fractionation of the brain’s default network. Neuron. 2010;65(4):550-562.
doi:10.1016/j.neuron.2010.02.005

Moscovitch M, Cabeza R, Winocur G, Nadel L. Episodic Memory and Beyond: The
Hippocampus and Neocortex in Transformation. Annu Rev Psychol. 2016;67:105-134.
doi:10.1146/annurev-psych-113011-143733

Schacter DL, Addis DR, Hassabis D, Martin VC, Spreng RN, Szpunar KK. The future of
memory: remembering, imagining, and the brain. Neuron. 2012;76(4):677-694.
doi:10.1016/j.neuron.2012.11.001

Schacter DL, Addis DR, Buckner RL. Remembering the past to imagine the future: the
prospective brain. Nat Rev Neurosci. 2007;8(9):657-661. doi:10.1038/nrn2213

Sheldon S, Farb N, Palombo DJ, Levine B. Intrinsic medial temporal lobe connectivity
relates to individual differences in episodic autobiographical remembering. Cortex.
2016;74:206-216. doi:10.1016/j.cortex.2015.11.005

Trope Y, Liberman N. Temporal construal. Psychol Rev. 2003;110(3):403-421.
doi:10.1037/0033-295X.110.3.403

Baetens K, Ma N, Steen J, Overwalle F Van. Involvement of the mentalizing network in
social and non-social high construal. Soc Cogn Affect Neurosci. 2013;9(6):817-824.
Lieberman MD. Social cognitive neuroscience: a review of core processes. Annu Rev
Psychol. 2007;58:259-289. doi:10.1146/annurev.psych.58.110405.085654
Andrews-Hanna JR, Saxe R, Yarkoni T. Contributions of episodic retrieval and
mentalizing to autobiographical thought: Evidence from functional neuroimaging, resting-
state connectivity, and fMRI meta-analyses. Neuroimage. 2014;91C:324-335.
doi:10.1016/j.neuroimage.2014.01.032

41



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

D’Argembeau A, Cassol H, Phillips C, Balteau E, Salmon E, Van der Linden M. Brains
creating stories of selves: the neural basis of autobiographical reasoning. Soc Cogn Affect
Neurosci. 2014;9(5):646-652. doi:10.1093/scan/nst028

Binder JR, Desai RH, Graves WW, Conant L. Where Is the Semantic System? A Critical
Review and Meta-Analysis of 120 Functional Neuroimaging Studies. Cereb Cortex.
2009;19(12):2767-2796. doi:10.1093/cercor/bhp055

Denny BT, Kober H, Wager TD, Ochsner KN. A meta-analysis of functional
neuroimaging studies of self and other judgments reveals a spatial gradient for mentalizing
in medial prefrontal cortex. J Cogn Neurosci. 2012;24(8):1742-1752.

doi:10.1162/jocn_a 00233

Jenkins AC, Mitchell JP. Medial prefrontal cortex subserves diverse forms of self-
reflection. Soc Neurosci. 2011;6(3):211-218. doi:10.1080/17470919.2010.507948
Heatherton TF, Wyland CL, Macrae CN, Demos KE, Denny BT, Kelley WM. Medial
prefrontal activity differentiates self from close others. Soc Cogn Affect Neurosci.
2006;1(1):18-25. doi:10.1093/scan/nsl001

Braga RM, Buckner RL, Braga RM, Buckner RL. Parallel Interdigitated Distributed
Networks within the Individual Estimated by Intrinsic Functional Article Parallel
Interdigitated Distributed Networks within the Individual Estimated by Intrinsic
Functional Connectivity. Neuron. 2017;95(2):457-471. doi:10.1016/j.neuron.2017.06.038
Ciric R, Nomi JS, Uddin LQ, Satpute AB. Contextual connectivity: A framework for
understanding the intrinsic dynamic architecture of large-scale functional brain networks.
Sci Rep. 2017;(July):1-16. doi:10.1038/s41598-017-06866-w

Zabelina DL, Andrews-Hanna JR. Dynamic network interactions supporting internally-
oriented cognition. Curr Opin Neurobiol. 2016;40:86-93. d0i:10.1016/j.conb.2016.06.014
Harvey A, Watkins E, Mansell W, Shafran R. Cognitive Behavioural Processes across
Psychological Disorders: A Transdiagnostic Approach to Research and Treatment. New
York City: Oxford University Press.; 2004.

Beck AT, Brown G, Steer RA, Eidelson JI, Riskind JH. Differentiating anxiety and
depression: A test of the cognitive content-specificity hypothesis. J Abnorm Psychol.
1987;96(3):179-183. doi:10.1037/0021-843X.96.3.179

Beck R, Perkins TS. Cognitive Content-Specificity for Anxiety and Depression: A Meta-

42



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Analysis. 2001;25(6):651-663.

Clark DA, Beck AT, Brown G. Cognitive mediation in general psychiatric outpatients: A
test of the content-specificity hypothesis. J Pers Soc Psychol. 1989;56(6):958-964.
doi:10.1037/0022-3514.56.6.958

Association AP. Diagnostic and Statistical Manual of Mental Disorders. 5th ed.
Arlington, VA: American Psychiatric Publishing; 2013.

Papageorgiou C, Wells A. Process and meta-cognitive dimensions of depressive and
anxious thoughts and relationships with emotional intensity. Clin Psychol Psychother.
1999;6(2):156-162.

Ingram RE. Self-focused attention in clinical disorders: Review and a conceptual model.
Psychol Bull. 1990;107(2):156-176.

Edwards TM, Holtzman NS. A meta-analysis of correlations between depression and first
person singular pronoun use. J Res Pers. 2017;68:63-68. doi:10.1016/j.jrp.2017.02.005
Giambra LM, Traynor TD. Depression and daydreaming: an analysis based on self-
ratings. J Clin Psychol. 1978;34(1):14-25.

Hoffmann F, Banzhaf C, Kanske P, Bermpohl F, Singer T. Where the depressed mind
wanders: Self-generated thought patterns as assessed through experience sampling as a
state marker of depression. J Affect Disord. 2016;198(March):127-134.
doi:10.1016/j.jad.2016.03.005

Shiffman S, Stone AA, Hufford MR. Ecological Momentary Assessment. Annu Rev Clin
Psychol. 2008;4(1):1-32. doi:10.1146/annurev.clinpsy.3.022806.091415

Kircanski K, Thompson RJ, James E, Sherdell L, Gotlib IH. Rumination and Worry in
Daily Life: Examining the Naturalistic Validity of Theoretical Constructs. Clin Psychol
Sci. 2015;3(6):926-939. doi:10.1177/2167702614566603

Gillanders DT, Bolderston H, Bond FW, et al. The Development and Initial Validation of
the Cognitive Fusion Questionnaire. Behav Ther. 2014;45(1):83-101.
doi:10.1016/j.beth.2013.09.001

Borkovec TD, Alcaine O, Behar E. Avoidance theory of worry and generalized anxiety
disorder. Gen anxiety Disord Adv Res Pract. 2004;2004.

Nolen-Hoeksema S, Wisco BE, Lyubomirsky S. Rethinking Rumination. Perspect
Psychol Sci. 2008;3(5):400-424. doi:10.1111/5.1745-6924.2008.00088.x

43



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Fresco DM, Moore MT, van Dulmen MHM, et al. Initial psychometric properties of the
experiences questionnaire: validation of a self-report measure of decentering. Behav Ther.
2007;38(3):234-246. doi:10.1016/j.beth.2006.08.003

Ehring T, Watkins ER. Repetitive Negative Thinking as a Transdiagnostic Process. Int J
Cogn Ther. 2008;1(3):192-205. doi:10.1680/1jct.2008.1.3.192

Segerstrom SC, Stanton AL, Alden LE, Shortridge BE. A Multidimensional Structure for
Repetitive Thought: What’s on Your Mind, and How, and How Much? J Pers Soc
Psychol. 2003;85(5):909-921. doi:10.1037/0022-3514.85.5.909

McEvoy PM, Watson H, Watkins ER, Nathan P. The relationship between worry,
rumination, and comorbidity: evidence for repetitive negative thinking as a transdiagnostic
construct. J Affect Disord. 2013;151(1):313-320. doi:10.1016/j.jad.2013.06.014

Kaplan DM, Palitsky R, Carey AL, et al. Maladaptive Repetitive Thought as a
Transdiagnostic Phenomenon and Treatment Target: An Integrative Review. J Clin
Psychiatry. 2018;(January). doi:10.1002/elan.

Molina S, Borkovec TD, Peasley C, Person D. Content Analysis of Worrisome Streams of
Consciousness in Anxious and Dysphoric Participants. Cognit Ther Res. 1998;22(2):109-
123.

Aldao A, Nolen-Hoeksema S, Schweizer S. Emotion-regulation strategies across
psychopathology: A meta-analytic review. Clin Psychol Rev. 2010;30(2):217-237.
doi:10.1016/J.CPR.2009.11.004

Brosschot JF, Gerin W, Thayer JF. The perseverative cognition hypothesis: A review of
worry, prolonged stress-related physiological activation, and health. J Psychosom Res.
2006;60(2):113-124. doi:10.1016/j.jpsychores.2005.06.074

Verkuil B, Brosschot J, Gebhardt W, Thayer J. When Worries Make You Sick: A Review
of Perseverative Cognition, the Default Stress Response and Somatic Health. J Exp
Psychopathol. 2010;1(1):87-118. doi:10.5127/jep.009110

Brosschot JF. Markers of chronic stress: Prolonged physiological activation and
(un)conscious perseverative cognition. Neurosci Biobehav Rev. 2010;35(1):46-50.
doi:10.1016/j.neubiorev.2010.01.004

Murphy F, Macpherson K, Jeyabalasingham T, Manly T, Dunn B. Modulating mind-
wandering in dysphoria. Front Psychol. 2013;4(November):888.

44



79.

80.

81.

82.

83.

&4.

85.

86.

87.

88.

&9.

doi:10.3389/fpsyg.2013.00888

Stawarczyk D, Majerus S, D’ Argembeau A. Concern-induced negative affect is associated
with the occurrence and content of mind-wandering. Conscious Cogn. 2013;22(2):442-
448. do0i:10.1016/j.concog.2013.01.012

Stroebe M, Boelen PA, Van Den Hout M, Stroebe W, Salemink E, Van Den Bout J.
Ruminative coping as avoidance: a reinterpretation of its function in adjustment to
bereavement. Eur Arch Psychiatry Clin Neurosci. 2007;257(8):462-472.

Olatunji BO, Naragon-Gainey K, Wolitzky-Taylor KB. Specificity of Rumination in
Anxiety and Depression: A Multimodal Meta-Analysis. Clin Psychol Sci Pract.
2013;20(3):225-257. doi:10.1111/cpsp.12037

Treynor W, Gonzalez R, Nolen-hoeksema S. Rumination Reconsidered: A Psychometric
Analysis. Therapy. 2003;27(3):247-259.

Huffziger S, Reinhard I, Kuehner C. A longitudinal study of rumination and distraction in
formerly depressed inpatients and community controls. J Abnorm Psychol.
2009;118(4):746.

Moberly NJ, Watkins ER. Ruminative self-focus and negative affect: an experience
sampling study. J Abnorm Psychol. 2008;117(2):314-323. doi:10.1037/0021-
843X.117.2.314

Borkovec TD, Ray WJ, Stober J. Worry: A cognitive phenomenon intimately linked to
affective, physiological, and interpersonal behavioral processes. Cognit Ther Res.
1998;22(6):561-576. doi:10.1023/A

Borkovec TD, Robinson E, Pruzinsky T, DePree JD. Preliminary exploration of worry:
Some charateristics and processes. Behav Res Ther. 1983;21(1):9-16. doi:10.1016/0005-
7967(83)90121-3

Stober J, Joormann J. Worry, Procrastination, and Perfectionism: Differentiating Amount
of Worry, Pathological Worry, Anxiety, and Depression. Cognit Ther Res. 2001;25(1):49-
60. doi:10.1023/A:1026474715384

Einstein DA, Menzies RG. Magical Thinking in Obsessive-Compulsive Disorder, Panic
Disorder and the General Community. Behav Cogn Psychother. 2006;34(3):351.
doi:10.1017/S1352465806002864

Robinaugh DJ, Mauro C, Bui E, et al. Yearning and Its Measurement in Complicated

45



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Grief. J Loss Trauma. 2016;21(5):410-420. doi:10.1080/15325024.2015.1110447
World Health Organization. The ICD-11 Classification of Mental and Behavioural
Disorders: Clinical Descriptions and Diagnostic Guidelines. Geneva: World Health
Organization; 2018.

Ginzburg K, Tsur N, Karmin C, Speizman T, Tourgeman R, Defrin R. Body awareness
and pain habituation: the role of orientation towards somatic signals. J Behav Med.
2015;38(6):876-885. doi:10.1007/s10865-015-9676-8

Scarella TM, Laferton JAC, Ahern DK, Fallon BA, Barsky A. The Relationship of
Hypochondriasis to Anxiety, Depressive, and Somatoform Disorders. Psychosomatics.
2016;57(2):200-207. doi:10.1016/j.psym.2015.10.006

Irving ZC. Mind-wandering is unguided attention: accounting for the “purposeful”
wanderer. Philos Stud. 2016;173(2):547-571.

Duncan J, Owen AM. Common regions of the human frontal lobe recruited by diverse
cognitive demands. Trends Neurosci. 2000;23(10):475-483.

Seli P, Risko EF, Smilek D, Schacter DL. Mind-Wandering With and Without Intention.
Trends Cogn Sci. 2016;20(8):605-617. doi:10.1016/j.tics.2016.05.010

Seli P, Carriere JSA, Smilek D. Not all mind wandering is created equal: dissociating
deliberate from spontaneous mind wandering. Psychol Res. 2015;79(5):750-758.
doi:10.1007/s00426-014-0617-x

Seli P, Risko EF, Purdon C, Smilek D. Intrusive thoughts: linking spontaneous mind
wandering and OCD symptomatology. Psychol Res. 2017;81(2):392-398.
doi:10.1007/s00426-016-0756-3

Seli P, Smallwood J, Cheyne JA, Smilek D. On the relation of mind wandering and
ADHD symptomatology. Psychon Bull Rev. 2015;22(3):629-636. doi:10.3758/s13423-
014-0793-0

Vincent JL, Kahn I, Snyder AZ, Raichle ME, Buckner RL. Evidence for a frontoparietal
control system revealed by intrinsic functional connectivity. J Neurophysiol.
2008;100(6):3328-3342. doi:10.1152/jn.90355.2008

Yeo BTT, Krienen FM, Sepulcre J, et al. The organization of the human cerebral cortex
estimated by intrinsic functional connectivity. J Neurophysiol. 2011;106(3):1125-1165.
doi:10.1152/jn.00338.2011

46



101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

I11.

112.

Dosenbach NUF, Fair DA, Cohen AL, Schlaggar BL, Petersen SE. A dual-networks
architecture of top-down control. Trends Cogn Sci. 2008;(February):99-105.
doi:10.1016/j.tics.2008.01.001

Power JD, Schlaggar BL, Lessov-Schlaggar CN, Petersen SE. Evidence for Hubs in
Human Functional Brain Networks. Neuron. 2013;79(4):798-813.
doi:10.1016/j.neuron.2013.07.035

Spreng RN, Stevens WD, Chamberlain JP, Gilmore AW, Schacter DL. Default network
activity, coupled with the frontoparietal control network, supports goal-directed cognition.
Neuroimage. 2010;53(1):303-317. doi:10.1016/j.neuroimage.2010.06.016

Whitmer AJ, Gotlib IH. An Attentional Scope Model of Rumination. Psychol Bull.
December 2012. doi:10.1037/a0030923

Todd RM, Cunningham WA, Anderson AK, Thompson E. Affect-biased attention as
emotion regulation. Trends Cogn Sci. 2012;16(7):365-372.
doi:10.1016/J.TICS.2012.06.003

Thayer JF, Lane RD. A model of neurovisceral integration in emotion regulation and
dysregulation. J Affect Disord. 2000;61(3):201-216. doi:10.1016/S0165-0327(00)00338-4
Pessoa L. The Cognitive-Emotional Brain: From Interactions to Integration. MIT press;
2013.

Puglisi-Allegra S, Ventura R. Prefrontal/accumbal catecholamine system processes
emotionally driven attribution of motivational salience. Rev Neurosci. 2012;23(5-6):509-
526. doi:10.1515/revneuro-2012-0076

Lane RD, Ryan L, Nadel L, Greenberg L. Memory Reconsolidation, Emotional Arousal
and the Process of Change in Psychotherapy: New Insights from Brain Science. Behav
Brain Sci. 2014:1-80. doi:10.1017/S0140525X14000041

Uddin LQ. Salience processing and insular cortical function and dysfunction. Nat Rev
Neurosci. 2014;16(1):55-61. doi:10.1038/nrn3857

Ottaviani C, Medea B, Lonigro A, Tarvainen M, Couyoumdjian A. Cognitive rigidity is
mirrored by autonomic inflexibility in daily life perseverative cognition. Biol Psychol.
2015;107:24-30. doi:10.1016/j.biopsycho.2015.02.011

Ottaviani C, Shapiro D, Couyoumdjian A. Flexibility as the key for somatic health: From
mind wandering to perseverative cognition. Biol Psychol. 2013;94(1):38-43.

47



113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

doi:10.1016/j.biopsycho.2013.05.003

Corbetta M, Patel G, Shulman GL. The reorienting system of the human brain: from
environment to theory of mind. Neuron. 2008;58(3):306-324.
doi:10.1016/j.neuron.2008.04.017

Seeley WW, Menon V, Schatzberg AF, et al. Dissociable Intrinsic Connectivity Networks
for Salience Processing and Executive Control. J Neurosci. 2007;27(9):2349-2356.
doi:10.1523/JNEUROSCI.5587-06.2007

Buckner RL, Sepulcre J, Talukdar T, et al. Cortical hubs revealed by intrinsic functional
connectivity: mapping, assessment of stability, and relation to Alzheimer’s disease. J
Neurosci. 2009;29(6):1860-1873. doi:10.1523/JINEUROSCI.5062-08.2009

Krienen FM, Tu P-C, Buckner RL. Clan mentality: evidence that the medial prefrontal
cortex responds to close others. J Neurosci. 2010;30(41):13906-13915.
doi:10.1523/JNEUROSCI.2180-10.2010

Smallwood J, Schooler JW. The restless mind. Psychol Bull. 2006;132(6):946-958.
doi:10.1037/0033-2909.132.6.946

Mills C, Raffaelli Q, Irving ZC, Stan D, Christoff K. Is an off-task mind a freely-moving
mind? Examining the relationship between different dimensions of thought. Conscious
Cogn. 2018;58(February):20-33. doi:10.1016/j.concog.2017.10.003

Ellamil M, Fox KCR, Dixon ML, et al. Dynamics of neural recruitment surrounding the
spontaneous arising of thoughts in experienced mindfulness practitioners. Neuroimage.
2016;136:186-196. doi:10.1016/j.neuroimage.2016.04.034

Christoff K, Gordon AM, Smallwood J, Smith R, Schooler JW. Experience sampling
during fMRI reveals default network and executive system contributions to mind
wandering. Proc Natl Acad Sci U S A. 2009;106(21):8719-8724.
doi:10.1073/pnas.0900234106

Fox KCR, Nijeboer S, Solomonova E, Domhoff GW, Christoff K. Dreaming as mind
wandering: evidence from functional neuroimaging and first-person content reports. Front
Hum Neurosci. 2013;7(July):1-18. doi:10.3389/fnhum.2013.00412

Ellamil M, Dobson C, Beeman M, Christoff K. Evaluative and generative modes of
thought during the creative process. Neuroimage. 2011;59(2):1783-1794.
doi:10.1016/j.neuroimage.2011.08.008

48



123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Beaty RE, Benedek M, Kaufman SB, Silvia PJ. Default and Executive Network Coupling
Supports Creative Idea Production. Sci Rep. 2015;5:10964. doi:10.1038/srep10964
Golchert J, Smallwood J, Jefteries E, et al. Individual variation in intentionality in the
mind-wandering state is reflected in the integration of the default-mode, fronto-parietal,
and limbic networks. Neuroimage. 2017;146:226-235.
doi:10.1016/j.neuroimage.2016.11.025

Hall SA, Rubin DC, Miles A, et al. The Neural Basis of Involuntary Episodic Memories. J
Cogn Neurosci. 2014;26(10):2385-2399. doi:10.1162/jocn

Cole MW, Repovs G, Anticevic A. The frontoparietal control system: a central role in
mental health. Neuroscientist. 2014;20(6):652-664. doi:10.1177/1073858414525995
Ordaz SJ, LeMoult J, Colich NL, et al. Ruminative brooding is associated with salience
network coherence in early pubertal youth. Soc Cogn Affect Neurosci. 2017;12(2):298-
310. doi:10.1093/scan/nsw133

Kaiser RH, Whitfield-Gabrieli S, Dillon DG, et al. Dynamic Resting-State Functional
Connectivity in Major Depression. Neuropsychopharmacology. December 2015:1-9.
doi:10.1038/npp.2015.352

Hamilton JP, Ph D, Lemus MG, Johnson RF, Gotlib IH. Functional Neuroimaging of
Major Depressive Disorder: A Meta-Analysis and New Integration of Baseline Activation
and Neural Response Data. Am J Psychiatry. 2012;169(7):693-703.

Snyder HR. Major depressive disorder is associated with broad impairments on
neuropsychological measures of evecutive function: a meta-analysis and review. Psychol
Bull. 2014;139(1):81-132. d0i:10.1037/a0028727 . Major

Yang Y, Cao S, Shields GS, Teng Z, Liu Y. The relationships between rumination and
core executive functions: A meta-analysis. Depress Anxiety. 2017;34(1):37-50.
doi:10.1002/da.22539

Noda Y, Silverstein WK, Barr MS, et al. Neurobiological mechanisms of repetitive
transcranial magnetic stimulation of the dorsolateral prefrontal cortex in depression: a
systematic review. Psychol Med. 2015;45(16):3411-3432.
doi:10.1017/S0033291715001609

Sylvester CM, Corbetta M, Raichle ME, et al. Functional network dysfunction in anxiety
and anxiety disorders. Trends Neurosci. 2012;35(9):527-535.

49



134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

doi:10.1016/j.tins.2012.04.012

Mathews A, MacLeod C. Cognitive Vulnerability to Emotional Disorders. Annu Rev Clin
Psychol. 2005;1(1):167-195. doi:10.1146/annurev.clinpsy.1.102803.143916

Baur V, Hénggi J, Langer N, Jancke L. Resting-state functional and structural connectivity
within an insula-amygdala route specifically index state and trait anxiety. Biol Psychiatry.
2013;73(1):85-92. doi:10.1016/j.biopsych.2012.06.003

Etkin A, Wager TD. Reviews and Overviews Functional Neuroimaging of Anxiety: A
Meta-Analysis of Emotional Processing in PTSD, Social Anxiety Disorder, and Specific
Phobia. Am J Psychiatry. 2007;164(10):1476-1488.

Dresler T, Hahn T, Plichta MM, et al. Neural correlates of spontaneous panic attacks. J
Neural Transm. 2011;118(2):263-269. doi:10.1007/s00702-010-0540-2

Bar-Haim Y, Lamy D, Pergamin L, Bakermans-Kranenburg MJ, Van Ijzendoorn MH.
Threat-related attentional bias in anxious and nonanxious individuals: A meta-analytic
study. Psychol Bull. 2007;133(1):1-24. doi:10.1037/0033-2909.133.1.1

Bishop SJ. Neurocognitive mechanisms of anxiety: an integrative account. 7rends Cogn
Sci. 2007;11(7):307-316. doi:10.1016/j.tics.2007.05.008

Hermans EJ, van Marle HJF, Ossewaarde L, et al. Stress-Related Noradrenergic Activity
Prompts Large-Scale Neural Network Reconfiguration. Science. 2011;334(6059):1151-
1153. doi:10.1126/science.1209603

Gorka SM, Phan KL, Childs E. Acute calming effects of alcohol are associated with
disruption of the salience network. Addict Biol. 2018;23(3):921-930.
doi:10.1111/adb.12537

Kaiser RH, Andrews-Hanna JR, Wager TD, Pizzagalli DA. Large-Scale Network
Dysfunction in Major Depressive Disorder: A Meta-analysis of Resting-State Functional
Connectivity. JAMA psychiatry. 2015;72(6):603-611.
doi:10.1001/jamapsychiatry.2015.0071

Sheline Y1, Barch DM, Price JL, et al. The default mode network and self-referential
processes in depression. Proc Natl Acad Sci U S A. 2009;106(6):1942-1947.
doi:10.1073/pnas.0812686106

Kucyi A, Moayedi M, Weissman-Fogel I, et al. Enhanced Medial Prefrontal-Default

Mode Network Functional Connectivity in Chronic Pain and Its Association with Pain

50



145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Rumination. J Neurosci. 2014;34(11):3969-3975. doi:10.1523/INEUROSCI.5055-
13.2014

Sheline YI, Price JL, Yan Z, Mintun MA. Resting-state functional MRI in depression
unmasks increased connectivity between networks via the dorsal nexus. PNAS.
2010;107(24):11020-11025. doi:10.1073/pnas.1000446107

Williams JMG, Barnhofer T, Crane C, et al. Autobiographical memory specificity and
emotional disorder. Psychol Bull. 2007;133(1):122-148. do0i:10.1037/0033-2909.133.1.122
Videbech P, Ravnkilde B. Hippocampal volume and depression: a meta-analysis of MRI
studies. Am J Psychiatry. 2004;161(11):1957-1966. doi:10.1176/appi.ajp.161.11.1957
Burt DB, Niederehe G, Zembar MJ. Depression and memory impairment: a meta-analysis
of the association, its pattern, and specificity. Psychol Bull. 1995;117(2):285-305.

Hach S, Tippett LJ, Addis DR. Neural changes associated with the generation of specific
past and future events in depression. Neuropsychologia. 2014;65:41-55.
doi:10.1016/j.neuropsychologia.2014.10.003

Lewinsohn PM. A behavioral approach to depression. In: Friedman RJ, Katz MM, eds.
Essential Papers on Depression. New York, NY: Wiley; 1974:150-172.

Dimidjian S, Barrera M, Martell C, Munoz RF, Lewinsohn PM. The origins and current
status of behavioral activation treatments for depression. Annu Rev Clin Psychol.
2011;7:1-38. doi:10.1146/annurev-clinpsy-032210-104535

Dimidjian S, Hollon SD, Dobson KS, et al. Randomized trial of behavioral activation,
cognitive therapy, and antidepressant medication in the acute treatment of adults with
major depression. J Consult Clin Psychol. 2006;74(4):658.

Martell CR, Addis ME, Jacobson NS. Depression in context: Strategies for guided action.
Tijdschr Psychiatr. 2003;45:7. doi:10.1176/appi.ajp.160.7.1366

Chen J, Liu X, Rapee RM, Pillay P. Behavioural activation: A pilot trial of transdiagnostic
treatment for excessive worry. Behav Res Ther. 2013;51(9):533-539.
doi:10.1016/j.brat.2013.05.010

Butler AC, Chapman JE, Forman EM, Beck AT. The empirical status of cognitive-
behavioral therapy: A review of meta-analyses. Clin Psychol Rev. 2006;26(1):17-31.
doi:10.1016/j.cpr.2005.07.003

Beck JS. Cognitive Behavior Therapy, Basics and Beyond. 2nd ed. New York City: The

51



157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

Guilford Press; 2011.

Chattopadhyay S, Tait R, Simas T, et al. Cognitive Behavioral Therapy Lowers Elevated
Functional Connectivity in Depressed Adolescents. EBioMedicine. 2017;17:216-222.
doi:10.1016/j.ebiom.2017.02.010

Lazaridou A, Kim J, Cahalan CM, et al. Effects of Cognitive-Behavioral Therapy (CBT)
on Brain Connectivity Supporting Catastrophizing in Fibromyalgia. Clin J Pain.
2017;33(3):215-221. doi:10.1097/AJP.0000000000000422

Straube T, Glauer M, Dilger S, Mentzel HJ, Miltner WHR. Effects of cognitive-behavioral
therapy on brain activation in specific phobia. Neuroimage. 2006;29(1):125-135.
doi:10.1016/j.neuroimage.2005.07.007

Yoshimura S, Okamoto Y, Onoda K, et al. Cognitive behavioral therapy for depression
changes medial prefrontal and ventral anterior cingulate cortex activity associated with
self-referential processing. Soc Cogn Affect Neurosci. 2014;9(4):487-493.
doi:10.1093/scan/nst009

Seminowicz DA, Shpaner M, Keaser ML, et al. Cognitive-behavioral therapy increases
prefrontal cortex gray matter in patients with chronic pain. J Pain. 2013;14(12):1573-
1584. doi:10.1016/j.jpain.2013.07.020

Kucyi A, Salomons T V, Davis KD. Cognitive behavioral training reverses the effect of
pain exposure on brain network activity. 2016;157(9).

Hayes SC, Strosahl KD, Wilson KG. Acceptance and Commitment Therapy: The Process
and Practice of Mindful Change. Guilford Press; 2011.

Sharma M, Rush SE. Mindfulness-based stress reduction as a stress management
intervention for healthy individuals: a systematic review. J Evid Based Complement Altern
Med. 2014;19(4):271-286. doi:10.1177/2156587214543143

Segal ZV, Teasdale JD, Williams JMG. Mindfulness-Based Cognitive Therapy:
Theoretical Rationale and Empirical Status. 2004.

Brewer JA, Worhunsky PD, Gray JR, Tang Y-Y, Weber J, Kober H. Meditation
experience is associated with differences in default mode network activity and
connectivity. Proc Natl Acad Sci. 2011;108(50):20254-20259.
doi:10.1073/pnas.1112029108

Farb NAS, Anderson AK, Segal ZV. The mindful brain and emotion regulation in mood

52



168.

169.

170.

171.

172.

173.

174.

disorders. Can J Psychiatry. 2012;57(2):70-77.

Kabat-Zinn J. Wherever You Go, There You Are: Mindfulness Meditation in Everyday
Life. New York City: Hyperion; 1994.

Williams JMG, Teasdale JD, Segal ZV, Soulsby J. Mindfulness-based cognitive therapy
reduces overgeneral autobiographical memory in formerly depressed patients. J Abnorm
Psychol. 2000;109(1):150-155. doi:10.1037//0021-843X.109.1.150

Heeren A, Broeck N Van, Philippot P. The effects of mindfulness on executive processes
and autobiographical memory specificity. Behav Res Ther. 2009;47(5):403-409.
doi:10.1016/j.brat.2009.01.017

Crane C, Winder R, Hargus E, Amarasinghe M, Barnhofer T. Effects of Mindfulness-
Based Cognitive Therapy on Specificity of Life Goals. Cognit Ther Res. 2012;36(3):182-
189. doi:10.1007/s10608-010-9349-4

Boccia M, Piccardi L, Guariglia P. The Meditative Mind: A Comprehensive Meta-
Analysis of MRI Studies. Biomed Res Int. 2015;2015. doi:10.1155/2015/419808

Fox KCR, Nijeboer S, Dixon ML, et al. Is meditation associated with altered brain
structure? A systematic review and meta-analysis of morphometric neuroimaging in
meditation practitioners. Neurosci Biobehav Rev. 2014;43:48-73.

Kazdin AE. Mediators and Mechanisms of Change in Psychotherapy Research. Annu Rev
Clin Psychol. 2007;3(1):1-27. doi:10.1146/annurev.clinpsy.3.022806.091432

53



—> Sources of variability
N~ — -» Deliberate constraints

N, « » Automatic constraints

¥

- ')[ DNcore ]




. 1
~N 1
— O “ n / 1
c - /
S =23 |
= “ aum X !
w - ._nr > 1
1 O - lzu “
“ h c \\\s 1
1 T .W s\\ e“
& ' B ® / Ei
c D8 F
- — 1 m y ] 1
© ! Q \ “
| oS N X
whd “ =~ m III 1
" ' S5E 000 - !
n 1 & "y 1
1 -~ !
+ o) " X Jusjuoy !
o)) C b - !
=] A= L . | YU
315 2 T “
=) = 7)) m “ _\\\ “
sils! 2 o G e “
o] an o o) “ .nl.v ()] ! !
@ -2 2 = ' E 3 "
m “ a e 1 a lm ||||||||| “
s ' - (] “ W. ~ (. n_m.f
o S QY T~ =
Q o | (o) / |l
R Q 1 W |||||||||| 3 !
n I g S . “
1 — - ‘oo !
3 o I S~ B !
= I |
! "
1 1
1

_ A




A Deliberately constrained thought

“While | step up the curb, | [ FPCN ]~ .
realize that my thoughts are -
making me miserable. | decide
to think about something else.
Where am | heading to? Oh yes,
groceries! | imagine myself
walking down each aisle. |
should get eggs and milk from
the refrigerated section, potatoes
and cauliflower from produce...”

B Automatically constrained thought

“As | cross the street, | begin to
worry about the story that my
newspaper wants me to write
before | leave to Tahoe. Can |
submit on time? Will anymore
read a piece on trade unions? |
picture my scowling editor. Do |
even belong here?”

C Spontaneous thought

“‘While | walk to the grocery
store, | daydream about the
winter boots I've ordered from an
online store, recall that blustery
winter when they shut down my
elementary school, then envision
next weekend’s ski trip to Lake
Tahoe.”

—> Sources of variability = - > Deliberate constraints — = » Automatic constraints



