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Clinical and neuroscientific evidence indicates that transdiagnostic processes contribute to the generation and

maintenance of psychopathological symptoms and disorders. Rigidity (inflexibility) appears a core feature of

most transdiagnostic pathological processes. Decreasing rigidity may prove important to restore and maintain

mental health. One of the primary domains in which rigidity and flexibility plays a role concerns the self. We

adopt the pattern theory of self (PTS) for a working definition of self. This incorporates the pluralist view on self

as constituted by multiple aspects or processes, understood to constitute a self-pattern, i.e. processes organized in

non-linear dynamical relations across a number of time scales. The use of mindfulness meditation in the format of

Mindfulness Based Interventions (MBIs) has been developed over four decades in Clinical Psychology. MBIs are

promising as evidence-based treatments, shown to be equivalent to gold-standard treatments and superior to spe-

cific active controls in several randomized controlled trials. Notably, MBIs have been shown to target transdiag-

nostic symptoms. Given the hypothesized central role of rigid, habitual self-patterns in psychopathology, PTS

offers a useful frame to understand how mindfulness may be beneficial in decreasing inflexibility. We discuss the

evidence that mindfulness can alter the psychological and behavioral expression of individual aspects of the self-

pattern, as well as favour change in the self-pattern as a whole gestalt.

We discuss neuroscientific research on how the phenomenology of the self (pattern) is reflected in associated cor-

tical networks and meditation-related alterations in cortical networks. Creating a synergy between these two

aspects can increase understanding of psychopathological processes and improve diagnostic and therapeutic

options.
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TaggedH1Introduction TaggedEnd

TaggedPConverging clinical and neuroscientific evidence indicates that some

common (transdiagnostic) processes contribute to the generation and

maintenance of psychopathological symptoms (Uddin, 2021). Rigidity

(inflexibility) appears to be one such a core feature of psychopathology.

Decreasing rigidity may be important to restore and maintain mental

health. It is therefore important to understand where rigidity comes

from and how flexibility can be brought about. One of the primary

domains in which rigidity and flexibility plays a role concerns the self.

We adopt the pattern theory of self (PTS) for a working definition of

self. This incorporates the pluralist view on self as constituted by multi-

ple aspects or processes, which constitute a self-pattern, processes that

form a dynamical gestalt, i.e., processes organized in non-linear dynam-

ical relations across a number of time scales. TaggedEnd

TaggedPMindfulness meditation and its application in the form of Mindful-

ness Based Interventions (MBIs) has developed over four decades in the

field of Clinical Psychology (Crane, et al. 2018). MBIs, manualized

weekly group-based sessions in which participants are trained in meta-

cognitive skills such as present-moment awareness, decentering and

acceptance, are promising as evidence-based interventions, and have

been shown to be equivalent to gold-standard treatments and superior

to specific active controls in several randomized controlled trials (Wiel-

gosz et al., 2019; Goldberg et al., 2022b) Notably, MBIs have been

shown to target transdiagnostic symptoms (Compen & Speckens, 2021;

Greeson, et al., 2018). TaggedEnd

TaggedPEvidence from neuroimaging studies from the last decades revealed

that contemplative practices, including mindfulness meditation, are

linked to alterations in connectivity patterns between major brain net-

works that have traditionally been associated with general cognitive

functions such as attention, self-processing, rumination, and interocep-

tion. Contemplative training thus seems to be accompanied by plasticity

in and between cortical networks. These changes may reflect a reorgani-

zation of the self-pattern that corresponds to a decrease in rigidity and

reduced psychological symptomatology. TaggedEnd

TaggedPThe PTS offers a useful lens through which to understand how mind-

fulness practices may be beneficial in clinical settings. Given our hypoth-

esized central role of rigid, habitual self-patterns in psychopathology, a

different psychological relationship between narrative, cognitive, and

other elements of the self is likely required for clinical improvement.

Mindfulness-based interventions may thus not be symptom-specific but

target common transdiagnostic processes. This may help to explain their

broad spectrum of application in clinical psychology. The causal rela-

tionship with observed cortical changes remains to be tested, but we

hypothesize that the changes in neural network dynamics linked to con-

templative practices may reflect changes in the more flexible reorganiza-

tion of the PTS. We discuss the implications of this idea and directions

for future research. TaggedEnd

TaggedH1Rigidity/inflexibility as a transdiagnostic psychopathological core

process and PTSTaggedEnd

TaggedPClinicians might agree that persons suffering from some forms of psy-

chopathology share core features, notably automaticity and inflexibility.

This was evident to the founding fathers of modern clinical psychology.

Sigmund Freud introduced the concept of "repetition compulsion" (Wie-

derholungszwang) as an unconscious compulsion whereby people end-

lessly repeat thought patterns and behavior that were difficult or

distressing earlier in life. Similarly, Pierre Janet described the crucial

relation between awareness and different levels of automatic mental

processes in several pathological phenomena, including “dissociation”,

a term coined in his 1889 study l’Automatisme Psychologique (Ellen-

berger, 1970). TaggedEnd

TaggedPThe idea that different forms of psychopathology share core features

has gained interest from several converging lines of research in the last

two decades. Evidence from genetic, neurophysiological, personality,

TaggedEndTaggedPand cognitive-behavioral studies suggest that current diagnostic catego-

ries do not consider the deeper underlying factors that cause and main-

tain psychopathology (Buckholtz & Meyer-Lindenberg, 2012). Yet a

substantial body of research has identified cognitive, emotional and

behavioral processes that are “transdiagnostic,” defined as processes

that contribute to the maintenance of symptoms of psychological dis-

tress and disability across a wide range of psychopathological disorders

across the lifespan (Cludius, et al., 2020; McLaughlin, et al., 2020;

Nolen-Hoeksema & Watkins, 2011). There is increasing support for a

“transdiagnostic” approach that cuts across traditional diagnostic

boundaries or, more radically, sets them aside altogether, to provide

novel insights into the understanding of psychopathology (Dalgleish, et

al., 2020; Roefs, et al., 2022).TaggedEnd

TaggedPThere is also growing evidence that several transdiagnostic processes

are associated with psychological distress and disability only under cer-

tain conditions. They do not invariably generate distress or disability;

rather the feature that seems responsible is the “rigid” or “inflexible”

way that they behave (Morris & Mansell, 2018; Bickhard, 1989; Schultz

& Searleman, 2002; Carhart-Harris et al., 2022). Rigidity is what makes

these transdiagnostic processes problematic and eventually pathologic.

The rigidity of thought, emotion, and behavior seen in many psychologi-

cal disorders indicates a lack of contextual sensitivity (Kashdan & Rot-

tenberg, 2010). Rigidity has been defined as “the tendency to develop

and perseverate in particular cognitive emotional or behavioral patterns,

and such patterns being continuously employed in situations where the

pattern is no longer effective” (Morris&Mansell, 2018, pg. 3). It encom-

passes both the tendency to perseverate, to repeat a pattern/process over

and over again, regardless of context, and the tendency of these patterns

to become unintentional, with limited volitional control and often auto-

matically. TaggedEnd

TaggedPConversely, flexibility has been defined as the ability to “disengage

from an initial pattern if the initial pattern of responding is no longer

effective for the specific situation”. The constructs of rigidity and flexi-

bility are pointing to the same dimension and are not conceptually dis-

tinct. They are “mirror images” of each other; rigidity can be considered

synonymous with inflexibility (Morris &Mansell, 2018, pg. 4). TaggedEnd

TaggedPRigidity is often defined in terms of a difficulty in switching from one

way of responding to a different one, and can be synonymous with set/

task switching difficulties. Flexibility can be considered interchangeable

with switching abilities. Both switching and inhibition processes are

included in the concept of flexible executive control (Koch, et al., 2010).

In clinical literature flexibility is often defined in terms of how effective

a response is, i.e. whether it involves disengaging from processes that

are not in accordance with an individual’s goals or values (Doorley

et al., 2020).TaggedEnd

TaggedPThere is thus converging clinical evidence that transdiagnostic pro-

cesses contribute to the generation and maintenance of a wide range of

psychopathology (Astle, et al., 2022; East-Richard et al., 2020; Uddin,

2021). Rigidity (inflexibility) appears to be a core feature that makes

these transdiagnostic processes pathological. The implication is that

decreasing rigidity likely decreases the pathological impact of transdiag-

nostic processes. It is therefore key to understand where rigidity comes

from and how flexibility can be brought about. One of the core domains

in which rigidity and flexibility play a role is in the operation of the self. TaggedEnd

TaggedPThe pattern theory of self (PTS) offers a working definition of self.

According to PTS, the human self is a pattern of dynamically related pro-

cesses or factors that pertain to an individual. This is close to an enac-

tive-process view, most closely associated with Francisco Varela and a

growing number of others (Hutto & Myin, 2017; Varela, et al., 2017).

On this view, the self is not reducible to any one of these factors, but

rather is equated with the pattern of factors/processes and their dynam-

ical relations. A self-pattern integrates a heterogeneous set of temporally

extended processes (e.g. bodily, affective, behavioral, cognitive, narra-

tive, see below). A pattern is understood here as a system of factors or

processes that lacks any strictly necessary conditions but rather consists

of several jointly sufficient conditions. A self-pattern may lack some
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TaggedEndTaggedPtypical elements, and psychopathologies may be understood as involving

conflicts between, disruptions of, or the elimination of one or more of

these elemental processes (Gallagher & Daly 2018). Importantly, there

is no element that operates as an agent within a self-pattern, understood

as a dynamical gestalt, much like a self-organizing system. This means

there is no a self within a self-pattern. A self, of the sort that humans

have, just is a pattern. TaggedEnd

TaggedPAn important question is how heterogeneous elements or processes

can be coherently integrated. The idea that all of these factors involve

processes may provide a common denominator (Tognoli, et al. 2020).

Elemental processes are dynamically integrated such that an interven-

tion on any one process, above a certain threshold, will affect the others

and the whole. PTS components that are dynamically interrelated in a

self-pattern or gestalt arrangement include Embodied processes, Prereflec-

tive experiential processes, Affective processes, Behavioral/action processes,

Psychological/cognitive processes, Reflective processes, Narrative processes,

Social/intersubjective processes, Ecological (Extended/situated) processes,

Normative processes (details in Gallagher, 2017; Gallagher & Daly,

2018). TaggedEnd

TaggedPMany mental health disorders can be seen as disorders of the self

(e.g., Davey & Harrison, 2022; Sass et al., 2018; Sui & Gu, 2017). The

PTS proposes a theoretical framework for analyzing and tracking the

evolution of self-disorders. Importantly, the self cannot be reduced to

any of its components: “one or more its elements can be disrupted as we

may find in various psychopathological disorders. But a pattern, that is a

self, persists as long as there are a sufficient number of elements remain-

ing in dynamical relations. [. . .] For psychiatric purposes it is more rele-

vant to ask under what circumstances any particular aspect gets

disrupted, and how that disruption changes the whole dynamical pattern

itself” (Daly& Gallagher, 2019, pg. 7). TaggedEnd

TaggedPPTS offers a way to conceive of rigidity implicated in the self. Disrup-

tions of self-pattern dynamics can impact the flexible nature of the self-

pattern as a whole. The question then is whether increased rigidity/

inflexibility can by itself contribute to psychopathological distress or dis-

ability, through a diminished capacity or readiness of the self-pattern as

a whole to change and adapt to different contexts. This question expands

the focus of PTS toward a process-oriented perspective on psychopathol-

ogy, and therefore a process-oriented approach to psychotherapies,

where increasing flexibility is central (Hayes, et al., 2020).TaggedEnd

TaggedPFor example, rigidity in the self-pattern has been proposed to charac-

terize three major psychopathological disorders. Major Depression has

been described as strongly implicating self processes (e.g., Lin et al.,

2018; Sui & Gu, 2017). The PTS proposes that all self-processes

described by the model are affected in depression (Daly & Gallagher,

2019). Thus, PTS characterizes depression as a disturbance of the self-

pattern as a whole, marked by a rigidity or lack of flexibility in all the

elements of the self-pattern. Another example is psychological (complex)

trauma. According to Nijenhuis & van der Hart (2011, pg. 418-22)

“Personality and dissociative parts of the personality are dynamic sys-

tems and dynamic subsystems, respectively. However, dissociative parts

are excessively stable, involving a lack of systemic complexity.[..] As

overly stable (sub) systems, dissociative parts often engage in fixed

actions that may have worked previously but that do not fit transformed

conditions” Despite the difference in terminology, this view is consistent

with PTS: rigidity appears a primary feature in this pathology, as it is the

lack of flexibility between sub-personalities, that induces the dissocia-

tive lack of integrative capacity. Substance use and Addiction disorders are

a third example of which inflexible behavior is the hallmark (e.g. Miller

& Hormes, 2022; Stalnaker et al., 2009); notably Garland et al. (2022)

have shown the role of aberrant self-referential processes in addiction. TaggedEnd

TaggedH1Mindfulness meditation as altering self-patterns in clinical contextsTaggedEnd

TaggedPPTS shares several aspects with the Buddhist psychological view on

the nature of the self. Both agree that unhealthy habits and attitudes can

lead to an experienced rigidity/inflexibility - in Buddhist terminology

TaggedEndTaggedPunhealthy “attachment” or overinvestment (Gombrich, 2009) - in a par-

ticular aspect of the self-pattern or in its whole dynamic. Self-narrative

can reflect and reinforce this rigidity � leading to a reiteration or elabo-

ration of thoughts running through many cycles of conceptualization

(Nanananda, 1997). This inflexibility can be addressed by mindfulness

meditation practices, with the aim of introducing more meta-awareness,

so that the dynamics of the self-pattern become aware. We have devel-

oped these arguments more thoroughly elsewhere (see Gallagher et al.

(under review); Berkovich-Ohana et al. (under review)). Here we will

focus on mindfulness induced changes in the self-pattern in clinical con-

texts. We consider Mindfulness Based Interventions (MBIs) as short-term

basic mindfulness meditation training, and long-term contemplative

mindfulness meditation training. Three main aspects of mindfulness

practice are commonly investigated separately: focused attention (FA),

open monitoring (OM) and Loving-kindness/benevolence (LK), though

in actual meditation practice these are usually blended. TaggedEnd

TaggedPThe evidence supporting the clinical application of mindfulness is

extensive and supports the promise of MBIs as evidence-based treat-

ments. They were shown to have similar or superior effect to specific

active controls and other evidence-based treatments (Goldberg, et al.

2022b). With respect to specific conditions, the evidence in support of

MBIs for depression, pain conditions, smoking, and addictive disorders

has been the most consistent (Goldberg, et al., 2018). Notably, MBIs

have been shown able to target transdiagnostic symptoms (Compen &

Speckens, 2021; Greeson, et al., 2018). Britton et al. (2021) have

reviewed specifically how self-related processes may be key mechanisms

of MBIs, and found that MBIs consistently seem to reduce rumination, a

transdiagnostic process with clear rigidity. They concluded however

that the evidence supporting these theories is currently unclear, as few

such processes have been measured in MBIs, and additional research

using well-validated measures is needed. TaggedEnd

TaggedPEven if MBIs have been adapted to “secular” conditions, the core

mindfulness practices � which include: present moment awareness by

attending to different “objects” (breathing, bodily sensations, sounds,

thoughts, open awareness), body-scan, walking meditation and mindful

movement - remain the same. There is no a specific “mindfulness” for a

specific disorder. It thus seems compelling that mindfulness practice tar-

gets transdiagnostic processes, or a core factor at the root of psychopa-

thology. Our suggestion is that mindfulness practices may reduce

rigidity/inflexibility. TaggedEnd

TaggedPThe PTS offers a useful lens through which to understand how mind-

fulness practice may be beneficial in clinical settings. Given the central

role of rigid, habitual self-patterns in psychopathology, a different psy-

chological relationship between narrative, cognitive, and other elements

of the self is likely required for clinical improvement. TaggedEnd

TaggedPWe discuss: a) how mindfulness may introduce greater flexibility into

the self-pattern; b) the evidence that mindfulness can alter the psycho-

logical and behavioral expression of individual elements of the self-pat-

tern; c) the way mindfulness can favour change in the self-pattern as a

whole. TaggedEnd

TaggedP(a) Several studies have shown that mindfulness may weaken mal-

adaptive links between elements of the self, thereby creating opportuni-

ties for more flexible interactions between those elements. For instance,

a high level of self-reported dispositional mindfulness was associated

with a subsequent, weaker association between self-perceived disability

(reflecting a behavioral element) and self-perceived distress (reflecting

an affective element) across a period of 12 months among rheumatoid

arthritis patients (Nyklí�cek et al., 2015). Additionally, in an experience

sampling study, those with higher self-reported mindful states on a day-

to-day basis showed a weaker association between rumination (cogni-

tive element) and both negative and positive affect (affective element);

also, a higher level of self-acceptance (considered by some to be a fea-

ture of mindfulness) was related to a weak linkage between reflection

(reflective element) and affect (Blanke et al., 2020). Finally, in a sample

of patients with three or more previous depressive episodes, those scor-

ing lower on both mindfulness and memory specificity showed a positive
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TaggedEndTaggedPassociation between self-reflection (reflective element) and depressive

symptoms (cognitive and affective elements) not found in other sub-

groups (Brennan et al., 2015). These studies are correlational rather

than experimental, but provide initial evidence that mindfulness may

increase flexibility in the self-pattern. TaggedEnd

TaggedP(b) There is some evidence that mindfulness can alter the psychologi-

cal and behavioral expression of individual elements of the self-pattern: TaggedEnd

TaggedPPsychological/cognitive processes. The monitoring and acceptance pro-

cesses in clinical mindfulness training may affect cognitive processing

through what has been described as cognitive defusion or decentering.

This metacognitive capacity essentially involves a shift in experiential

perspective from mental absorption in an experience, with a running

mental commentary about the experience, to simple observation of that

experience. When people decenter, they “step out of” the immersive

world of self-referential thought (Bernstein et al., 2019; Vago et al.,

2022). This was linked to reduced worry and rumination (e.g. Shapiro et

al., 2011), both of which are important contributing factors to anxiety

and depression (Segal, Teasdale&Williams, 2018). TaggedEnd

TaggedPAffective processes. It is conceivable that mindfulness leads to

enhanced emotional well-being, and since the early study of mindfulness

training research with patients suffering from anxiety disorders (Kabat-

Zinn et al., 1995), there has been an abundance of research showing

beneficial effects of mindfulness training on affective processes, particu-

larly in anxiety and depression. Several meta-analyses have shown

medium-sized effects in reducing these symptoms (Goldberg, 2022a;

2018). In addition, studies have shown enhanced positive affect and

quality of life after mindfulness training (e.g., Lindsay et al., 2019). TaggedEnd

TaggedPBehavioral processes. Behavioral processes are central in a number of

disorders, such as avoidance in anxiety disorders, approach and con-

sumption in substance use disorders, and both restricted eating and

over-eating in eating disorders. MBIs have been shown to reduce avoid-

ance of anxiety-inducing stimuli (Levitt, et al., 2004), and to reduce

addiction-related behaviors (Li, et al., 2017) and eating disorder behav-

iors (Turgon, et al., 2019). Several studies have also begun to examine

how mindfulness interventions may influence inflexible, automatic men-

tal processes that contribute to clinical disorders and have found initial

evidence that mindfulness may reduce an automatic appetitive approach

to food (Papies, et al., 2012) and also weaken the relation between auto-

matic appetitive motivation for alcohol and actual alcohol consumption

(Ostafin et al., 2012; Zgierska et al, 2019). TaggedEnd

TaggedPIntersubjective processes. Among the earliest studies of mindfulness

training in the interpersonal sphere was a randomized controlled trial

with romantic partners which showed that the training enhanced a num-

ber of relationship quality outcomes, including closeness and relation-

ship satisfaction (Carson et al., 2004). Other studies have examined the

role of present-centered attention in relationship stress contexts. For

example, in research examining the processes and outcomes of couple

conflict discussions, present-centered attention improved communica-

tion during the discussion and reduced anxiety and anger-hostility

toward the partner (Barnes et al., 2007). At a wider social level, studies

of mindfulness training have also demonstrated lower levels of interper-

sonal bias, rendering social relations more sensitive and less prejudicial

(see Berry & Brown, 2017 for review; Lindsay et al., 2019). Research in

this area has also demonstrated that mindfulness training can enhance

compassion and prosocial behavior toward strangers (Berry et al., 2018)

and reliably so, as revealed through a recent meta-analysis (Donald et

al., 2019; but see also Kreplin et al., 2018). TaggedEnd

TaggedP(c) How mindfulness may change the self-pattern as a whole. TaggedEnd

TaggedPGiven the dynamical links among the different processes that con-

tribute to the self-pattern, a change in, or intervention on one or more

elements can alter the functioning of the self-pattern as a whole. In this

respect, meditation practices can lead to a higher degree of flexibility

within the self-pattern (Berkovich-Ohana et al. (under review)), indicat-

ing its importance for therapeutic practices, and its impact on mental

health more generally. TaggedEnd

TaggedPOne specific area of research concerns how the effects specifically

linked to mindfulness and meditation contribute to increasing the effects

attributed to the common factors in psychotherapy (Wampold 2015;

Wampold& Ulvenes, 2019; Goldberg, 2022a; Goldberg et al., 2018) high-

lights the importance of situating mindfulness as experienced by partici-

pants in the MBIs within the broader psychotherapy research literature

from a common factors perspective emphasizing the commonalities rather

than the differences between MBIs and other therapies. He summarizes

the evidence for MBI efficacy in general, and for the specific effect of MBIs

on psychological transdiagnostic mechanisms. One common factor in

MBIs is the unique role of group processes. Well-functioning group pro-

cesses foster the therapeutic effects yielded by common factors. The spe-

cific and distinctive modalities by which group processes are guided in

MBIs (Griffith, et al., 2019), for example through the mindfulness practice

of inquiry, invite a change in the self-pattern as a whole. Group processes

help individuals become aware of common humanity and shared suffering

and this encourages a less self-centred and self-absorbed perspective.

MBIs thus appear to promote a change in the PTS as a whole in the direc-

tion of hypo-egoicism (Brown & Leary, 2016). Group processes in MBIs

support the cultivation of well-being not only on a personal level, but also

on a collective level, and creates awareness of the social and ecological

dimensions of psychiatric interventions (Kirmayer, 2019).TaggedEnd

TaggedH1The neuroscience of self and its flexibility TaggedEnd

TaggedPMuch neuroscientific research has been done into the effects of mind-

fulness training and long-term contemplative training. Evidence shows

that contemplative training correlates with an alteration of the function

of neural regions and networks supporting self-related and self-specify-

ing processes (Dahl et al., 2015; Laukkonen & Slagter, 2021; H€olzel et

al., 2011; Milli�ere et al., 2018; Tang et al., 2015; Vago & Silbersweig,

2012). In what follows, we attempt to link aspects of the self-pattern

with neural processes identified through the network approach of cogni-

tive neuroscience. Then we review the evidence for possible effects of

contemplative training on these neural regions and networks. TaggedEnd

TaggedPRecent work (Uddin et al. 2019), has outlined six functional net-

works referred to by anatomical names (in parentheses we refer to the

broad cognitive domains with which a given anatomical system is most

commonly associated): the occipital network (ON, Visual), pericentral

network (PN, Somatosensory), dorsal frontoparietal network (D-FPN,

Attention), lateral frontoparietal network (L-FPN, Control), midcingulo-

insular network (M-CIN, Salience), and medial frontoparietal network

(M-FPN, Default). TaggedEnd

TaggedH2Phenomenology of the self (pattern) reflected in related cortical networks TaggedEnd

TaggedPThe cortical-network approach reiterates an early distinction

between two phenomenological aspects of the self-pattern: experiential/

minimal self-awareness and the narrative-self (Gallagher, 2000). Briefly,

the narrative-self is a conceptual, autobiographic identity with continu-

ity across time, while the minimal-self is a momentary, experiential-

embodied self. This distinction is rough and oversimplified, but it has

enabled a fruitful dialogue with cognitive neuroscience. Importantly,

the two notions of self have been related to two types of processes linked

to distinct brain regions and networks (Christoff et al., 2011; Legrand &

Ruby, 2009). The first, self-related processing, requires one to evaluate or

judge some feature in relation to one’s perceptual image or mental con-

cept of oneself, hence it is thought to support the narrative self. The sec-

ond, self-specific processing, specifies the self as subject and agent by

implementing a functional self/non-self distinction (Christoff et al.,

2011; Seth, 2013), and thus supports the minimal self. TaggedEnd

TaggedPSelf-related processes have been studied extensively within the grow-

ing interest in the Default Mode Network (DMN), using functional mag-

netic resonance imaging (fMRI). The DMN is involved in a plethora

of introspection-related functions including self-reflection, episodic
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TaggedEndTaggedPmemory, future planning, theory of mind, and personal moral reasoning

(Buckner et al., 2008), supporting the suggested connection between its

neural activity and subjective content of self-related processing (Gus-

nard et al., 2001; Northoff et al., 2006; Qin& Northoff, 2011). The DMN

was shown to involve (at least) three distinct subsystems with poten-

tially different functions (Andrews�Hanna et al., 2014): (1) a core sub-

system (the anterior medial PFC (amPFC) and the posterior cingulate

cortex) involved in self-referential processing; (2) a dorsomedial pre-

frontal subsystem (comprised by the dorsal medial PFC, the temporopar-

ietal junction, the lateral temporal cortex, and the temporal pole)

involved in semantic processing and mentalizing (3) a medial temporal

lobe subsystem (comprised of the hippocampus, the parahippocampal

cortex, the retrosplenial cortex, the posterior inferior parietal lobe, and

the ventromedial pre-frontal cortex involved in retrieving and binding

together contextual details during the recollection of episodic memories

and simulation of future events. TaggedEnd

TaggedPIt is likely that activation of the DMN across these subsystems are dif-

ferentially involved in cognitive, reflective, intersubjective and narrative

processes of the self-pattern � the first core subsystem possibly support-

ing cognitive and reflective aspects, the second, dorsomedial prefrontal

subsystem in part relating to intersubjective processes, and the third,

medial temporal lobe subsystem possibly supporting the mnemonic

aspect constituting narratives. TaggedEnd

TaggedPIn contrast to these higher-order, narrative and cognitive self-related

processes, pre-reflective self-specifying processes associated with the

experiential/minimal self are less well-understood. According to Christ-

off & colleagues (2011), self-specifying processes implement a func-

tional self/non-self distinction in bodily (sensorimotor), homeostatic,

emotional and cognitive domains. Central to this approach is the idea

that an organism constantly integrates efferent (outgoing) and afferent

(incoming) signals in a way that distinguishes fundamentally between

incoming signals produced by self actions (reafferent), and signals not

produced by the self’s actions. By implementing this functional self/non-

self distinction, efferent�reafferent integration implicitly specifies the

organism as an agent. TaggedEnd

TaggedPThe embodied self-pattern processes, including homeostatic regula-

tion, may involve a vertically integrated, interoceptive system (Damasio,

1999), including brainstem nuclei and midbrain structures; modulated

by the hypothalamus, mid/posterior insula (sensory) and anterior cingu-

late (motor) cortices as part of the Salience network. Similarly, accumu-

lating evidence implicates the anterior cingulate cortex in emotional

processing (Etkin et al., 2011; Rainville et al., 1997), and the anterior

insular cortex in processing interoceptive signals and emotional aware-

ness (Craig, 2009; Seth, 2013). Reflective self-pattern processes may be

supported by the lateral frontoparietal (Control) network. This can be

explicit or implicit, or externally-driven (involving perception) and

internally-driven (involving, e.g., self-image) (Christoff et al. 2011) cor-

roborating with our perspective that a key locus for the effects of medita-

tive training is a shift in the reflective aspects of the self-pattern,

transitioning from propositional and intermittent meta-awareness to

‘mindful meta-awareness’ as non-propositional and sustained (Dunne et

al., 2019), hence becoming implicit and reflexive. TaggedEnd

TaggedPCorrelating PTS to brain networks is necessarily incomplete. For exam-

ple, the behavioral aspect of the self-pattern is a very broad concept, encom-

passing behavioral habits that contribute to the constitution of one’s

character. Such an aspect cannot hinge on any one brain region or network,

as it inevitably involves the complex relationship between brain-body-envi-

ronment. Rather, all these factors and networks dynamically interact to cre-

ate a sense of an ‘integrative self’ (Sui & Humphreys, 2015).

Neuroscientifically, transformations in the self-pattern following meditative

practice should be best sought in the changes within the network dynamics.TaggedEnd

TaggedH2Meditation-related alterations in cortical networks TaggedEnd

TaggedPIn this section, we review the current evidence for meditation-related

changes in network activity and dynamics. This evidence is generally

TaggedEndTaggedPconsistent with the notion that a primary mechanism of contemplative

training is the enhancement of engagement in present-moment aware-

ness. This induces a shift in self-awareness, away from focusing on self-

related processing towards a more embodied self-specific mode of proc-

essing and heightened perceptual awareness. This appears to be linked

to changes in the connectivity and interplay between the DMN, Atten-

tion, Salience and Control networks. While neuroimaging advanced the

understanding of individual brain regions involved in meditative pro-

cesses, it is the dynamic interactions between these regions that proba-

bly best capture the effects of progressive contemplative training (Tang

et al., 2015).TaggedEnd

TaggedPBased on previous research summarized below, we hypothesize that

the networks that support self-specific processing (Attention; Somato-

sensory; Salience; and Control) are more active during meditation, while

the network supporting self-related processing (DMN) becomes less

active. In deep meditative states when the distinction between self/non-

self diminishes, and attention changes from object-directed/effortful to

bare/effortless, the activity in networks supporting self-specific pro-

cesses may be reduced. We propose that as meditation expertise

increases, the functional connectivity (FC) during practice (state effect)

or rest (trait effect) within the DMN is altered, while the FC within or

between networks supporting self-specific processing is enhanced. In

addition, the FC between the DMN and the networks supporting self-spe-

cific processing generally becomes stronger. TaggedEnd

TaggedPWe focus on evidence from meta-analyses or studies that have exam-

ined network dynamics. Due to space constraints we do not separate

cross-sectional from longitudinal studies, and only briefly touch upon

the issue of state or trait changes. By taking this birds-eye view, we aim

to propose a wider perspective on network alterations. TaggedEnd

TaggedPMeditation-related flexibility in network activityTaggedEnd

TaggedPAn early activation likelihood estimation (ALE) study, which

meta-analyzed 150 peak foci from 24 fMRI studies (Tomasino et al.,

2012), and reported results pertaining to FA meditation (and mantra

meditation, not reported here) highlighted that FA consistently trig-

gered activations in the Control network (superior medial gyrus)

and Attention (right SMG and left superior parietal) Somatosensory

(right SMA) and Salience (left IPL and right insula) networks. Neural

activity in the DMN (angular gyrus, medial frontal gyrus and precu-

neus) decreased. A later ALE meta-analysis systematically reviewed

78 fMRI studies and meta-analyzed 257 peak foci from 31 experi-

ments (Fox et al., 2016). Consistent with the first meta-analysis, FA

meditation was associated with activations in regions within the

Control network (including the premotor cortex, the posterior

DLPFC, and dACC), consistent with more effortful initial stages of

FA practice (with increasing expertise, ability to sustain attention

should become effortless, see Brefczynski-Lewis et al. (2007). Deacti-

vations were observed in two major hubs of the DMN (PCC and pos-

terior IPL), suggesting that FA meditation, like other effortful tasks,

may diminish spontaneous thoughts regarding past and future

events. TaggedEnd

TaggedPIn the same study (Fox et al., 2016), OM was associated with activa-

tion in the Control network (regions involved in the voluntary regulation

of thought and action, including inferior frontal gyrus, posterior DLPFC/

pre-motor cortex, and dACC/pre-SMA), as well as activation in the

Salience network (insula). Given that OM meditation typically involves

a broad, non-judgmental attention to any and all mental content, it is

congruous that this practice recruits numerous areas from the Control

network, at least in its early stages, before letting go of directed atten-

tion. Deactivation was observed in the thalamus, a key relay center for

most incoming sensory information. As increased intensity of sensory

gating appears to be correlated with increased activity in the thalamus,

these deactivations suggest decreased sensory gating, an interpretation

consistent with the goal of being open and receptive to sensory stimuli. TaggedEnd

TaggedPLK meditation was associated (Fox et al., 2016) with activation in the

Somatosensory network, extending into the IPL. These regions are
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TaggedEndTaggedPinvolved in somatosensory processing and in creating a unified sense of

the body, but both regions have also been implicated in empathy in a

recent meta-analysis (Lamm et al., 2011). Activation was also significant

in the right anterior insula, previously implicated in interoception

(Craig, 2009; Seth, 2013), as well as identified as the neural correlate of

empathy (Lamm et al., 2011). We hypothesize that these specific activa-

tions reflect increased flexibility and a functional reorganization of corti-

cal networks. TaggedEnd

TaggedPWhile the previous meta-analyses mostly included cross-sectional

studies and enabled uncovering the effects of long-term meditation prac-

tice compared to control participants, two meta-analyses provide evi-

dence for specific flexibility effects of short-term practice. The first, an

ALE meta-analysis of 21 studies (Falcone& Jerram, 2018), reported con-

sistent activity in contrasts utilizing long-term and novice participants

related to mindful meditation in the Control and Salience networks. In

contrasts based on the data of only novice participants, only the insula

was activated, suggesting that the cultivation of concentrative skills

(Salience) might take place prior to enhancing the reflective process

(Control). In support of that, the second ALE meta-analysis of 39 studies

(Young et al., 2018) assessed flexibility in brain functioning associated

with 8-session mindfulness interventions, and the most consistent longi-

tudinal effect observed was increased insular cortex activity (Salience

network), while less consistent activations included the ACC and DLPFC

(Control network). TaggedEnd

TaggedPFlexibility in network functional connectivity (FC) TaggedEnd

TaggedPWe hypothesize that meditation in general, regardless of the type,

alters FC (as a state or trait) within the network supporting self-related

processing, while enhancing the FC within or between networks sup-

porting self-specific processing, and the FC between self-specific and

related networks. These processes represent meditation-related flexibil-

ity in the habitual connectivity between the major cortical networks. A

change in activation or connectivity patterns does not necessarily imply

increased flexibility. Yet meditation seems to be linked to specific activa-

tion patterns or connectivity patterns which in some cases persist also in

resting state, potentially reflecting a functional reorganization of con-

nectivity and brain plasticity. TaggedEnd

TaggedPWe hypothesize the following alterations in FC: 1) generally

reduced self-related processing, i.e. reduced FC within the DMN, 2)

generally enhanced self-specific processing, i.e. enhanced FC within

and between the self-specific supporting networks (Salience, Somato-

sensory, Control), 3) generally enhanced mindful awareness, i.e.

enhanced FC between Control network and other networks, and 4)

generally reduced anti-correlation between the networks supporting

self-related and self-specific processing (enhanced non-dual aware-

ness), i.e. enhanced FC between self-related (DMN) and self-specific

supporting networks. TaggedEnd

TaggedPWe briefly summarize fMRI-FC literature, which supports our four

propositions, related to alteration of self-processing linked to mindful-

ness meditation. TaggedEnd

TaggedPFirstly, meta-analyses of FC changes related to meditation are unfor-

tunately lacking. A few studies reported increased FC within the DMN

(Jang et al., 2011; Taylor et al., 2013; Yang et al., 2016), ample studies

reported reduced FC within the DMN, either during meditation (Brewer

et al., 2011; Farb et al., 2007) or resting-state (Berkovich-Ohana et al.,

2016; Garrison et al., 2013; Hasenkamp & Barsalou, 2012; Kilpatrick et

al., 2011; Taylor et al., 2013), supporting our first hypothesis. TaggedEnd

TaggedPSecondly, within and between the self-specific supporting networks,

several studies report mostly enhanced FC resting state effects in medita-

tors. Enhanced rsFC was shown in the Attention network (Froeliger et

al., 2012; Hasenkamp & Barsalou, 2012), and the Salience network

(Farb et al., 2013; Hern�andez et al., 2018). These connectivity patterns

can be interpreted as enhancing ‘online’ attention to representation of

body awareness. Between specific networks, several studies show

enhanced FC between the Control and Salience networks (Farb et al.,

2007; Hasenkamp & Barsalou, 2012; H€olzel et al., 2013). Given the

TaggedEndTaggedPimportant role attributed to the Salience network in switching between

Control and DMN (Sridharan et al., 2008), this can be interpreted to sug-

gest that individuals with more meditation experience may have an

enhanced awareness of present moment experience and more access to

internal bodily states, as well as an enhanced ability to switch between

states of self-related focus, and states of self-specific focus. This would

reflect a more flexible self-pattern. TaggedEnd

TaggedPThirdly, in line with our proposal of enhanced mindful meta-aware-

ness as a core mechanism for mindfulness-induced transformation, sev-

eral studies provide evidence for a shift in the functioning of the Control

network. Specifically, increased FC between Control and DM networks

was reported during both meditation and resting state (Brewer et al.,

2011; Creswell et al., 2016; Farb et al., 2007). TaggedEnd

TaggedPFourthly, many studies report altered FC between the DMN and self-

specific supporting networks. Such alterations were shown both during

practice, and resting state. During mindfulness-related meditation, FC

between DMN and Attention (Froeliger et al., 2012), Salience (Farb et

al., 2007), or Somatosensory (Berkovich-Ohana et al., 2016; Farb et al.,

2007; Josipovic et al., 2012; Kilpatrick et al., 2011) is increased. This

can be interpreted to show that during meditation one may have

enhanced capacity for disengagement of (self-related) thought content,

and for shifting attention to affective, interoceptive and sensory aware-

ness, respectively, again an indication of enhanced flexibility. TaggedEnd

TaggedH2Limitations TaggedEnd

TaggedPAlthough these FC studies provided ample insights into how medita-

tion influences the functional network of the brain, there are three criti-

cal limitations. First, the brain networks were defined a priori,

precluding the possibility of finding that meditation practice can alter

the architecture of the primary brain networks themselves. Second,

most of the research employed a pre-post longitudinal effects, or cross-

sectional comparisons, and compared the conditions after aggregating

the data across heterogeneous participants, which might mask important

intra-individual changes in the composition of the brain networks (e.g.,

participant-specific network architectures may be canceled out). In

answering these concerns, a recent publication (Kajimura et al., 2020)

studied the effect of FA meditation practice on intra-individual changes

in the composition of whole-brain networks, using intensive longitudi-

nal data from a single-case fMRI design. The results showed a significant

change in the interplay between the Default and Control networks. Spe-

cifically, immediately after meditation the separation between the net-

works seems to be loosened, as a number of regions in the Control

network were merged into the Default network. This raises the intrigu-

ing possibility that, in addition to altering specific network FC, medita-

tion leads to reconfiguration of whole-brain network architecture.

Obviously future studies are warranted to replicate and extend this ini-

tial finding to provide fruitful information about the neural mechanisms

of meditation and the possible reconfiguration of community architec-

ture in the brain.TaggedEnd

TaggedPA third limitation of our overview is that we did not follow a system-

atic approach and did not take into account the methodological quality

of studies. Especially some of the early neuroimaging studies included

small sample sizes, many studies were not preregistered, and some could

have important biases (e.g. placebo effect, motivation). TaggedEnd

TaggedPFuture directions Our scoping overview is indented to generate novel,

testable hypotheses. Theoretically, the model of rigidity versus flexibil-

ity would be most relevant for those specific forms of psychopathology

where rigidity is most prominent, such as depression and obsessive-com-

pulsive disorder. Yet, we hypothesise that rigidity is a core feature of

(almost) all forms of psychopathology. One recommendation for future

research therefore is to identify differences in rigidity between different

forms of psychopathologies, or alternatively, whether it is a necessary

element which causes or maintains any form of psychopathology. To the

best of our knowledge there are no validated diagnostic tools to assess
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TaggedEndTaggedPmental rigidity in psychopathology. This would clearly also be a direc-

tion for further research. TaggedEnd

TaggedPRegarding the application of mindfulness interventions, existing data

do not allow to make recommendations for which particular disorders

these therapies hold most promise. The clearest evidence to date is that

mindfulness training has a positive effect on depression, chronic pain

and eating disorders (Goldberg et al., 2018, page 58). Tentatively this

would be coherent with our suggestion that depression is accompanied

by strong rigidity. In our view, mindfulness can be complementary to

psychotherapy because it specifically strengthens interoceptive aware-

ness for cognitive, emotional and somatic patterns so that they can be

brought to the fore in therapy and then worked with in the light of

awareness, increasing mental flexibility. TaggedEnd

TaggedPAs neuroimaging methods improve, network dynamics during medi-

tative states and at rest will improve our understanding of mental states

related to meditation practice and how such activities translate to more

enduring well-being and associated neurophysiological changes. TaggedEnd

TaggedPTwo key questions raised by our review are a) the need for a better

definition of psychological flexibility, b) whether there is a link between

psychological flexibility and brain plasticity and how this in turn is

linked to well-being. TaggedEnd

TaggedH1Conclusion TaggedEnd

TaggedPWe have argued that rigidity of the self-pattern is a transdiagnostic

marker of psychopathology, and that mindfulness can be helpful in

increasing flexibility within the self-pattern. We reviewed evidence

from neuroimaging that is generally consistent with the notion that a

primary mechanism of mindfulness interventions is to enhance engage-

ment in present-moment awareness, inducing a shift in self-awareness

away from focusing on self-related processing into a more embodied

self-specific mode of processing and heightened perceptual awareness.

This may explain why mindfulness-based interventions have been suc-

cessful in reducing symptoms of different forms of psychopathology. TaggedEnd

TaggedH1Author contributions TaggedEnd

TaggedPThe manuscript was written primarily by FG, PRB and AB-O, after

taking into account multiple rounds of comments, integrations and revi-

sions from all co-authors (the authorship list is in alphabetical order in

the segments after AB-O). All the authors will approve the final version

of the manuscript. The manuscript is based on ideas initially raised by

all the authors � except F-M. T. � at the Lorentz Workshop on the "Mech-

anisms of meditation and applications in clinical practice" in Leiden

(Netherlands) on December 9 - 13, 2019, organized by Prisca Bauer and

Marieke van Vugt. These ideas were later collectively developed by all

the authors. TaggedEnd
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