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Research indicates that core dimensions of psychological well-being can be cultivated through intentional
mental training. Despite growing research in this area and an increasing number of interventions designed
to improve psychological well-being, the field lacks a unifying framework that clarifies the dimensions of
human flourishing that can be cultivated. Here, we integrate evidence from well-being research, cognitive
and affective neuroscience, and clinical psychology to highlight four core dimensions of well-being—awareness,
connection, insight, and purpose. We discuss the importance of each dimension for psychological well-being,
identify mechanisms that underlie their cultivation, and present evidence of their neural and psychological
plasticity. This synthesis highlights key insights, as well as important gaps, in the scientific understanding of
well-being and how it may be cultivated, thus highlighting future research directions.
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The importance of enhancing well-being and reducing
mental distress is more apparent today than ever. Distractibility, loneliness, depression, and anxiety are all on
the rise, creating an emerging crisis in mental health and
a growing deficit in our collective well-being (1–3). The
scale of this crisis calls for new approaches to the study of
well-being and innovative solutions to strengthen it. To
further research in this area, we present a novel framework focused on the plasticity of well-being, highlighting
four dimensions of well-being that can be cultivated
through various forms of mental training.
Over the past few decades, research on psychological well-being has yielded great insights by studying the factors that constitute optimal levels of human
flourishing and their relationship to physical health,
work performance, social relationships, and a range
of other outcomes (4, 5). Related areas of research have
studied interventions that improve well-being through
the use of various forms of self-regulation (6), including
psychotherapy (7, 8), positive psychology interventions
(9, 10), and contemplative practices like meditation
(11–17). However, despite tremendous advances in
well-being research, these fields lack a unifying framework that clarifies dimensions of well-being that exhibit

training-induced plasticity and the psychological and
biological mechanisms through which training-induced
changes may endure. Such a framework provides a common language and set of constructs to orient the wide
range of research efforts and interventions in this area,
and also stimulates collaboration and cross-pollination
within and across related fields of research.
To address this need, we present a framework
comprising four dimensions of well-being: awareness,
connection, insight, and purpose (SI Appendix, Table
S1). These dimensions are central to the subjective
experience of well-being and can be strengthened
through training. In this respect, they can be likened
to skills, and the cultivation of well-being to building
a repertoire of skills. The cultivation of well-being
thus involves the use of self-regulatory processes
to learn, practice, and apply these skills in daily
life.
In the sections that follow, we describe each
dimension and specify the mechanisms through which
it may be strengthened through training. We review
evidence that each dimension is central to well-being
and summarize data concerning its neurobiological underpinnings. We conclude each section by presenting
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research on the trainability of each dimension. Finally, in the last
section, we discuss important implications of the framework by
highlighting gaps that would benefit from additional research and
underscoring the urgency of this task as a public health need.

Awareness

Downloaded by guest on February 7, 2021

Awareness, in our framework, refers to a heightened and flexible
attentiveness to perceptual impressions in one’s environment, as
well as internal cues, such as bodily sensations, thoughts, and
emotions. States of heightened awareness are thus typified by
being fully aware of what one is doing, whom one is with, and of
one’s own internal states, whereas diminished levels of awareness
entail being distracted or absorbed in a given activity or situation.
Such states are also flexible in that they allow for the volitional
control of the scope and orientation of attentional focus. To use a
common example, being fully aware during a conversation would
enable one to remain attentive to one’s companions and also to
notice when one’s attention begins to drift, and to thus avoid
being distracted. Higher levels of awareness support both hedonic and eudaimonic well-being, in the sense that being aware is
both a positive subjective experience, especially when contrasted
with states of distraction (18), and also allows for self-regulation and
goal-directed behavior (19), thereby contributing to success in
meaningful pursuits and supportive interactions with other people.
Although heightened states of awareness occur spontaneously
in daily life, the occurrence and duration of awareness can be
increased by training in meta-awareness and through the intentional self-regulation of attention. Meta-awareness refers to an
awareness of the processes of conscious experience, such as the
recognition that one is experiencing an emotion, a thought, or a
sensory perception as it occurs in real time (11, 19, 20). Metaawareness is involved when one suddenly recognizes an emotion before it provokes a reaction, for example, and also when one
suddenly realizes that one has been “on autopilot” while engaged
in a daily routine. The self-regulation of attention similarly contributes to awareness by enabling one to direct and sustain attention, to notice and disengage from distractors, and to alter the
scope of attentional focus.
Relationship to Well-Being. The ability to be aware and attentive
has important implications for healthy psychological functioning.
A large-scale study of more than 5,000 people from 83 countries
revealed that, on average, people spend an estimated 47% of
their waking life in a state of distraction and that states of distraction are typified by lower levels of well-being (18). Distraction,
moreover, impairs executive function (21) and is associated with a
variety of adverse psychological outcomes, including stress and
anxiety (22), attention deficit hyperactivity disorder symptoms
(23), and depression (24). It is also related to biomarkers of poor
physical health, such as stress-related increased levels of cortisol
and α-amylase (25) and reduced telomere length (26), although
these variables may be related because each is related to a third
factor, such as perceived stress.
Meta-awareness enables one to recognize the occurrence of
distracted mind wandering and redirect attention back to one’s
current activity (19). This capacity to notice distraction and redirect
one’s attentional focus positively impacts a range of real-world outcomes, from academic performance (27) to automotive safety (28).
Meta-awareness also enables one to notice the occurrence of emotional cues in the body and mind and thus plays a critical role in the
self-regulation of emotion, which has important implications for
physical health, mental health, and psychological well-being (29).
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Neural and Biological Underpinnings. Awareness of one’s
mental and emotional state is associated with specific networks in
the brain. Bringing awareness to one’s thoughts recruits lateral
regions of the prefrontal cortex (PFC) that form part of the brain’s
central-executive network (30). Failures to notice and regulate
distraction, on the other hand, are linked to diminished activation
of this network, and specifically to decreased activity in the dorsolateral PFC (dlPFC) (31). Abnormal functioning of the centralexecutive network is also a transdiagnostic marker for schizophrenia, anxiety, depression, and other mental health disorders (32).
The top-down self-regulation of emotion—which necessarily
involves the ability to be aware of one’s current emotional
state—similarly recruits regions of the brain’s central-executive
network, including the dlPFC (33). A meta-analysis of the neural
correlates of emotion regulation indicates that the dlPFC facilitates the regulation of emotion through its more general function
in top-down self-regulation (34). Research from our laboratory has
found that individual differences in functional connectivity between different sectors of the PFC and amygdala is a significant
predictor of objective measures of the regulation of negative
emotion (35), with greater inverse connectivity associated with
better emotion regulation. In a subsequent study, we found that
inhibiting lateral PFC with transcranial magnetic theta burst
stimulation interferes with automatic emotion regulation, thus
establishing a causal role for the lateral PFC in emotion regulation
(36). This may explain why abnormal functioning of the centralexecutive network, and lateral regions of the PFC more specifically, are associated with a range of psychiatric disorders (32).
Training-Related Changes. Evidence suggests that meta-awareness
can be strengthened as a skill through intentional training, and that
doing so enhances self-regulation and corresponding networks in the
brain. Meta-awareness is the main target in the attentional family of
meditation, which includes mindfulness-based practices (11), and
also in various forms of psychotherapy (7, 8) and interventions
designed to enhance executive function (37). Awareness-based interventions (see SI Appendix, Table S2 for examples) improve a
range of outcomes related to the self-regulation of attention (15, 38,
39), as well as workplace (40) and educational outcomes (14, 41). One
randomized controlled study demonstrated that mindfulness training
improves working memory and GRE scores in distraction-prone students, with reductions in mind wandering mediating these improvements (27). Evidence in this area is mixed, however, with some
studies failing to find training-related changes in sustained attention
(42, 43), as well as important methodological limitations (44).
Attentional meditation and mindfulness interventions also
improve outcomes related to the self-regulation of emotion, including lower levels of stress, decreased subjective reactivity to
pain, improvements in symptoms related to anxiety, depression,
and other mental disorders, and increased positive emotions and
overall psychological well-being (45–47). Meta-awareness appears to play a central role in these improvements. Training in
meta-awareness decreases stress and improves positive affect
(17). When meta-awareness training is paired with an attitude of
acceptance, more pronounced effects, including reduced biomarkers of stress reactivity, can be observed (17). Similarly, metaawareness of anxiety-related symptoms has been found to mediate
therapeutic improvement in both cognitive behavioral therapy (CBT)
and acceptance and commitment therapy (ACT) (48).
These training-related changes correspond to altered patterns
of brain activity and connectivity in nodes of the central-executive
network, including the dlPFC (49). Interestingly, different forms of
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awareness-based meditation are associated with specific patterns
of brain function. Focused attention meditation, for instance, is
linked to reduced activations in regions of the default-mode network (DMN), a network associated with mind wandering and selfreferential thought, while open monitoring meditation is not, suggesting that meta-awareness may lead to reduced mind wandering
in some cases and to meta-aware mind wandering in others (49).

Connection
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Connection here refers to a subjective sense of care and kinship
toward other people that promotes supportive relationships and
caring interactions. This may occur through positive social perceptions, such as gratitude and appreciation, as well as perspectives of shared humanity toward those outside of one’s
immediate social circles. For instance, when encountering someone from a different culture or race, or with different religious or
political beliefs, one might acknowledge differences in life experience and attempt to understand and empathize with their
unique perspective, while recognizing shared characteristics and
viewing them as a fellow human being worthy of respect.
These perceived connections can be strengthened and sustained by generating prosocial “person construals” that shape
how we perceive other people and thereby promote positive,
caring interactions (50). For example, focusing on a shared characteristic or trait when encountering someone for the first time
may lead to a feeling of affiliation rather than apprehension. Antisocial and neutral construals, on the other hand, can lead to adverse
social outcomes, such as apathy, intergroup bias, and perceived
social isolation (51). Prosocial construals may be accompanied by
corresponding motivations that are oriented toward the well-being of
others and reflect a willingness to engage in prosocial behaviors.
Relation to Well-Being. The capacity for caring relationships and
positive social interactions figures prominently in scientific conceptions of well-being (5) and is an important determinant of
physical health. Social relationships are better predictors of health
than various biological and economic factors (52). Positive social
relationships are vital for healthy psychological functioning and
serve as a buffer against psychological disorders, such as depression (53) and anxiety (54), while poor social relationships can
be more harmful than excessive drinking and smoking (55).
Evidence suggests that prosocial construals may play an important role in promoting strong social relationships, and thereby
support overall well-being. Focusing on the positive qualities and
beneficial actions of other people is a defining characteristic of
appreciation and gratitude, both of which are linked to a variety of
well-being–related outcomes (9). Gratitude leads to higher levels
of perceived social support and to lower levels of stress and depression in students experiencing their first semester at college
(56). Maladaptive construals undermine feelings of social connection. Construing people and situations as potential social
threats, for instance, is associated with loneliness (51), which is a
major risk factor for poor mental (57) and physical health (2).
Similarly, those with emotional disorders, including generalized
anxiety disorder and depression, typically construe ambiguous
situations more negatively than healthy individuals (58).
Prosocial motivations make similar contributions to well-being
by promoting caring feelings and behaviors (59, 60). Daily diary
studies show that people with higher levels of empathic concern
also experience higher levels of well-being (61). Similarly, compassionate goals predict increased self-esteem, more constructive
approaches to interpersonal problems, and more positive social
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emotions (62). The Gallup World Poll surveyed more than one
million people across 150 countries and found that generosity, as
measured by charitable donations, is one of the most robust
predictors of life satisfaction (63).
Neural and Biological Correlates.
Threat and emotion-regulation circuitry. Distinct brain networks
underlie our capacity to form and maintain healthy relationships,
with important implications for physical health and psychological
well-being (64). For instance, many of the same neural systems
involved in experiences of physical threat and safety are also involved in social experiences, including both rejection and social
connection (65). Brain networks involved in reducing fear due to
physical threats, for example, are involved in social support (64).
An early study from our laboratory showed that holding the hand
of one’s spouse while being exposed to painful electric shock
reduced activation in parts of the pain matrix, including the anterior insula, as well as regulatory regions of the PFC (66). These
regulatory prefrontal regions are also recruited when downregulating negative emotion and stress responses (67, 68) and may
thereby promote physical health and psychological well-being.
Perspective taking and theory of mind-related circuitry. The
different ways in which we construe social situations is reflected in
varying patterns of brain activity (69). Our perception of other
people commonly recruits brain regions associated with mentalizing, or theory of mind, including the medial PFC (mPFC), temporoparietal junction (TPJ), temporal pole, and precuneus (70).
For instance, making inferences about someone we construe to
be similar to ourselves activates the vmPFC (71), which is central to
the perception of social safety and feelings of social connection.
Making inferences about someone we construe to be different
activates a neighboring region, the dorsomedial PFC (dmPFC)
(71). In some cases, these differences may be even more pronounced. Research on social perception has shown that the mPFC
fails to activate altogether when individuals view images of
homeless people, drug addicts, and other social outgroups. Instead, brain regions associated with disgust become active, including
the amygdala and insula (72). Other findings show similar patterns of
brain activity in relation to racial bias and discrimination (73), with
corresponding reductions in prosocial behaviors (74).
Empathy and prosocial motivation. Although there is no single
empathy region in the brain, the anterior insula, dorsal anterior
cingulate cortex, anterior midcingulate cortex, and supplemental
motor area are commonly activated in various forms of empathy,
including the vicarious experience of pain, fear, happiness, and
disgust (75). Empathy, however, can lead to feelings of distress
and corresponding activity in regions of the brain’s pain network,
while compassion is associated with activity in regions of the reward network, such as the medial orbitofrontal cortex and ventral
striatum (76). Interestingly, these areas are not associated with distress, but rather with positive emotions and feelings of social connection (76). These differences in the neural correlates of empathy
and compassion may help explain why empathy only leads to caring
behaviors when coupled with a compassionate motivation (77).
Training-Related Changes. Intentionally strengthening prosocial
qualities improves overall well-being, with training-related
changes reflected in the brain, peripheral biology, and behavior.
Meta-analyses of connection-based interventions (see SI Appendix, Table S2 for examples), such as kindness and compassion
meditation, find training-related decreases in depression, anxiety,
and psychological distress, and increases in positive emotions and
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overall well-being (78). Similar findings have been obtained with
connection-based positive psychology interventions (9). Such interventions strengthen feelings of social connection (79), as well
as prosocial behaviors in both laboratory (80) and real-world situations (81), although important issues exist concerning methodological rigor in these areas of research (82, 83).
There is also evidence that connection-based meditation
practices may improve behaviors that directly contribute to societal well-being. Pioneering studies have found that kindness
meditation practices reduce implicit bias and discrimination toward marginalized groups (84, 85). These findings require replication and extension with longer follow-up given evidence that
such training-related changes may be unstable (86).
Additional evidence suggests that training in connectionbased practices like compassion meditation may also strengthen
the capacity for self-regulation and recruit the brain’s centralexecutive network, similar to awareness training. Work from our
laboratory found that compassion training increases altruistic
behavior, which is related to greater connectivity between the
dlPFC, a core region of the central-executive network, and ventral
striatum, which is involved in regulating positive affect and response to reward (87). Other related research indicates that
compassion training increases activation in networks important for
positive affect and affiliation (88).

Insight
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Insight, in our framework, refers to self-knowledge concerning the
manner in which emotions, thoughts, beliefs, and other factors are
shaping one’s subjective experience, and especially one’s sense
of self. States of insight thus reflect an experiential understanding
of one’s own psychological processes and how the dynamic interplay of these processes influences experience. For example,
when experiencing an anxious thought, insight would enable one
to recognize how one’s fearful expectations are being shaped by
memories and self-critical thoughts and are thus overly focused on
negative outcomes. With diminished insight, one would accept
these expectations and thoughts as reality, with little understanding of the factors that are influencing one’s perception.
Although moments of insight can occur spontaneously, training in self-inquiry promotes the occurrence of insight and enables
one to sustain and integrate moments of insight with a range of
daily life experiences. Self-inquiry refers to the intentional,
curiosity-driven investigation of self-related beliefs and psychological processes (11). Self-inquiry strategies enable one to examine the implicit beliefs that inform self-related narratives,
expectations, and goals. For example, self-inquiry may be used to
examine a line of anxious thoughts to gain insight into how these
thoughts trigger emotional reactions and self-defeating behaviors. Self-inquiry strategies thus help to clarify and challenge
maladaptive self-related beliefs.
Relation to Well-Being. Although insight into self-related beliefs
and psychological processes does not figure prominently in scientific models of well-being (4, 5), it is central to perspectives on
human flourishing in the world’s humanistic and contemplative
traditions (89) and also contemporary psychiatry and psychotherapy (7, 90). Maladaptive conceptions of self are linked to
negative physical and mental health outcomes. Rigid and negative beliefs are linked to a range of psychological disorders, from
eating disorders (91) to psychosis (92) and depression (93), while
compassionate, accepting, and growth-oriented beliefs about the
self (7, 94, 95) are associated with lower levels of depression and
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anxiety (96), higher levels of well-being (97), and real-world outcomes like improved academic performance (98).
Insight into one’s own mind and mental processes is an important predictor of overall psychological well-being and life
satisfaction (99). More specifically, self-knowledge concerning
self-related beliefs, referred to as “self-concept clarity,” is central
to healthy psychological functioning (100). Trait-level clarity of
self-concept is related to reduced daily fluctuations in mood and
self-esteem (101), mediates the relationship between stress and
subjective well-being (102), and mediates the impact of childhood
adversity on psychopathology, indicating that such insight is
protective of mental health (103).
Despite the strong links between insight and well-being, the
role that self-reflection plays in this process is complex. Intentional
self-reflection spurred by openness and curiosity, which we refer
to here as self-inquiry, is associated with a range of wellbeing–promoting factors, from the ability to perceive social cues
to effective emotion regulation (104). Other research suggests
that the ability to self-reflect from a distanced perspective may be
a critical component of healthy self-inquiry (105), and even that
cultural forces may support or undermine this capacity (106).
However, self-reflection that is automatic, overly negative, and
self-critical is linked to mental disorders (104). In a sample of undergraduate students, for instance, ruminative self-reflection was
associated with decreased capacity to take a distanced perspective and increased depressive symptoms, while healthy selfinquiry exhibited the opposite pattern (107).
Neural and Biological Underpinnings.
Self-related processes and the default-mode network. Neuroscientific research is beginning to reveal how self-related processes are reflected in the brain. An important finding from
scientific studies of the self is that there does not appear to be a
single, unitary network that is uniquely associated with selfprocessing in the brain (108). The subjective sense of a unitary self
may thus be an illusion brought about by the ongoing personal
narrative that synthesizes disparate experiences into a cohesive,
unified whole. This “narrative self” has been linked to activity in the
left cerebral hemisphere in split brain patients (109) and to cortical
midline regions in the brain’s DMN, such as the mPFC and posterior
cingulate cortex (110, 111).
DMN and central-executive network connectivity. Optimal
well-being may be reflected in patterns of connectivity between
regions within the DMN and central-executive networks involved
in self-regulation (112, 113). Research on both healthy and clinical
populations suggests that self-reflection recruits regions in the
DMN, such as the mPFC, and central-executive regions, such as
the ventrolateral PFC (vlPFC), a region associated with a broad
range of cognitive and affective functions, including self-reflection
(114). This region seems to be activated during constructive selfinquiry, for instance when healthy subjects reflect on themselves and
their personal goals (115), while ruminative self-reflection commonly
activates the mPFC, and the DMN more broadly, reflecting patterns
of activity linked to various forms of psychopathology (116).
Training-Related Changes. Psychotherapy, deconstructive
meditation, and other insight-based interventions (see SI Appendix, Table S2 for examples), appear to relieve mental
distress and bolster psychological well-being by altering the
content and functioning of self-related beliefs. Strategies to
enhance growth mindset, for instance, have been found to
alter both mindset and behavioral self-regulation (117). Similarly,
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CBT, which enables individuals to identify maladaptive beliefs
about the self and replace them with more adaptive beliefs, has
been shown to alleviate stress and reduce symptoms of depression, anxiety, and other psychiatric disorders (118). These
changes are reflected in neuroplastic changes in the brain, including heightened activation in self-regulatory regions of the
central-executive network, such as the dorsolateral and dorsomedial
PFC (119).
Research on deconstructive meditation, an important insightbased strategy, is limited (11). However, the ReSource Project, a
pioneering large-scale longitudinal study, found that deconstructive meditation, contrasted with awareness- and connectionbased practices, increased the flexible use of adaptive emotion
regulation strategies like cognitive reappraisal and perspective
taking, enhanced theory of mind capacity, and altered emotional
self-concepts, leading to corresponding changes in the brain
[summarized in Singer and Engert (12)].
Evidence also suggests that long-term exposure to insightrelated deconstructive meditation may lead to enduring
changes in self-related processing in the brain. Narrative and
experiential modes of self-related processing are related to different patterns of brain activity (120). Single subject research indicates that expert meditators are able to induce experiential
modes of reduced self-focus (121) that exhibit decreased activation in the DMN (122), with important implications for long-term
brain health, including age-related neural atrophy (123). Indeed,
altered DMN function has emerged as a biomarker in meditationrelated interventions (124), with research indicating that long-term
meditation practice may lead to trait-like changes in the DMN, with
reduced activity and functional connectivity within this network (113).
Given the central role of the DMN in stress (125) and psychopathology (116), deconstructive meditation and other forms of selfinquiry may thus prove effective in bolstering well-being by
strengthening healthy modes of self-related processing in the brain.
Research on other forms of insight, such as creative problemsolving, suggest that moments of insight may be associated with
bursts of high-frequency gamma-band oscillations (126). Similar
patterns of gamma activity have also been observed in long-term
meditators (127) and during lucid dreaming (128), both of which
may involve neurophenomenological shifts in self-related processing.
Recent findings highlight the importance of abnormalities in gamma
oscillations as a marker for depression and also reveal that baseline
differences in gamma oscillations may predict treatment response,
thus suggesting an important link to well-being (129).

aspirational and rarely achieved in any given situation, a value is
embodied in specific, pragmatic ways. For example, a teacher may
aspire to help every child reach their potential to learn as a central life
purpose. This aspiration may then be linked to specific values, such as
patience and kindness, that guide their behavior in specific situations
in a manner that aligns with this overarching life aim. The alignment
of personally relevant aims with one’s core values, and the embodiment of these aims and values in everyday life, leads individuals to
perceive meaning and significance in their lives and pursuits (130).
Relation to Well-Being. Purpose is an important component of
influential scientific models of well-being and is central to perspectives of human flourishing in the world’s contemplative and
humanistic traditions (5, 89). Purpose and meaning in life shape
our personal narratives (132) and are associated with a range of
outcomes related to psychological well-being and physical health.
A strong sense of purpose is associated with improved health
outcomes and behaviors, including increased physical activity
(133), decreased incidence of stroke (134), fewer cardiovascular
events (135), reduced risk of death (136), lower health care utilization (137), and even better financial health (138).
Purpose is also central to healthy psychological functioning,
including memory, executive function, and overall cognitive ability
(139), and also psychological resilience across the life span (140),
including both teens (141) and the elderly (142). In a sample of African Americans at high-risk for psychiatric disorders, purpose in life
emerged as a key factor predicting resilience and recovery from
traumatic events (143). On the other end of the spectrum, low levels
of purpose are associated with various psychological disorders (144).
The relationship between values and well-being is more
complex. Although values generally exhibit strong relationships
with both individual and societal well-being across cultures (145),
some values exhibit negative associations with healthy psychological functioning while others seem to bolster well-being. Extrinsic materialistic values are associated with lower levels of wellbeing (146), with especially strong associations to risky health
behaviors and economic decisions, as well as negative selfappraisals and reduced overall well-being (147). On the other
hand, intrinsic values and goals, especially those that are selftranscendent, support well-being. A study of more than 25,000
young adults from 58 countries found that intrinsically meaningful
values related to social connections and contributing to one’s
community were more strongly associated with well-being than
extrinsic values related to power and financial gain, although the
nature of these relationships varied across countries (148).
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Purpose
Purpose here refers to a sense of clarity concerning personally
meaningful aims and values that one is able to apply in daily life.
Heightened states of purpose thus foster the self-perception that one
both has aims and values and is also able to embody them. This selfperception, in turn, leads one to perceive meaning and significance
in one’s life and pursuits. States of diminished purpose may involve a
lack of clarity concerning one’s aims and values, or the perception
that one has clear values and aims yet is unable to embody them.
As a dimension of well-being, purpose thus involves both aims
and values. Life aims serve to organize and stimulate goals and
provide an overarching narrative that helps individuals make
sense of their lives (130). Such aims involve the formation of
personal values, the concepts that guide behavior by enabling
individuals to assess actions and situations, and to persevere in
the face of challenges, by orienting themselves to what is personally meaningful and important (131). Whereas a life aim is
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Neural and Biological Underpinnings.
Peripheral biology. Empirical studies are beginning to address
the pathways through which purpose and values are protective of
both physical health and psychological well-being. One such
pathway is the role that purpose plays in stress resilience (149).
Higher levels of purpose at baseline have been found to predict
decreased allostatic load—signifying the negative impact of
chronic stress—10 y later (150). Similarly, higher purpose in life
buffers elevated inflammation in those with comorbid health
conditions (151) and also predicts accelerated recovery from
stress in the elderly, as measured by salivary cortisol levels (152).
Emotion- and threat-related circuitry. The protective role of
purpose also extends to emotional stress. A recent study from our
laboratory demonstrated that higher purpose in life was associated with better emotional recovery 2 y later, as indexed by
smaller eyeblink startle reflex in response to negative images
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(153). Higher levels of purpose are also associated with less
emotional reactivity to negative stimuli and more effective brainrelated emotion regulation, as evidenced by increased recruitment of the dorsal anterior cingulate cortex and reduced activity
in the left amygdala (154).
Although values have been shown to influence a variety of
well-being–related outcomes, research on related brain networks
is lacking. A pioneering study found that prioritizing self-transcendent
values over nontranscendent values is associated with less brainrelated threat response to health messages in the left and right amygdala and left anterior insula (155), suggesting that self-transcendent
values may reduce defensiveness and promote openness.
Decision-making circuitry. Data also suggest that purpose facilitates efficient decision-making and related brain function concerning health behaviors. In a study of 220 sedentary adults, those
with higher levels of purpose were able to endorse challenging
health messages more readily than those with lower levels of purpose
(156). This relationship was mediated by reduced activity in brain
regions involved in self-regulation, including the dorsal anterior cingulate cortex, anterior insula, and dorsolateral and ventrolateral PFC,
suggesting that those with higher levels of purpose may experience
less cognitive conflict when receiving challenging health messages,
thereby reducing defensiveness and increasing receptivity.
Training-Related Changes. A growing body of evidence indicates that purpose and values can be clarified and strengthened
through purpose-based interventions (see SI Appendix, Table S2
for examples), and that doing so increases resilience, promotes
healthy behaviors, and alters the brain and peripheral biology in
meaningful ways. ACT, for instance, which includes both acceptance and values-based practices, has been shown to be an effective treatment for those dealing with chronic pain, improving
both emotional resilience and physical functioning (157). Affirming personal values has also been found to decrease psychological
distress and depression (158) and to bolster resilience to psychosocial
stress, as evidenced by reduced cortisol response (159).
While self-transcendent values serve to bolster well-being,
inducing self-oriented materialistic values leads to negative outcomes, such as decreased prosocial behavior (160), even in young
children (161). Affirming self-transcendent personal values, on the
other hand, is linked to positive outcomes, including increased selfcontrol (162), reduced self-focused rumination (163), and less bias
against personally challenging information (164). Kang et al. (165)
found that inducing self-transcendent values led to healthier behaviors
in the following month, as well as corresponding activity in a region of
the vmPFC linked to positive evaluations and reward processing.
In addition to affirming values, research further suggests that
enacting values in everyday situations may play an especially
important role in human flourishing (166). Behaving in a way that is
inconsistent with personal values is associated with higher levels
of negative affect and lower overall well-being (167). Experimental studies suggest that enacting one’s purpose and values,
conversely, supports well-being. A study of the relationship between purpose and academic achievement found that a brief,
one-time induction of a self-transcendent purpose for learning led to
a variety of positive learning outcomes, whereas an induction of a
more self-oriented purpose produced no positive outcomes (168).
Similarly, studies of volunteering have found that self-transcendent
motivations are related to more beneficial outcomes relative to those
that are self-oriented (169). Such interventions buffer age-related
declines in brain function in at-risk adults (170) and improve self-
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regulation, with increased activity in the lateral PFC and anterior
cingulate cortex associated with gains in executive function (171).

Summary and Future Directions
We have proposed four dimensions of well-being that can be
strengthened through intentional training, viewing this framework
as a starting point for investigating a dynamic, skill-based perspective on well-being. The data summarized here reveal key insights as well as important gaps in our current understanding of
well-being. First, and most importantly, there is overwhelming
evidence that well-being can be learned and that core dimensions
of well-being may thus be likened to skills and trained through
various forms of self-regulation. Nevertheless, while it is clear that
the four dimensions of well-being in our framework can be cultivated, we know relatively little about the most effective ways to go
about training them, and whether it is best to train each dimension
in isolation or to target more than one dimension through multidimensional interventions. The precise relationships between
proximal components of well-being and distal outcomes that are
produced as a consequence of well-being (e.g., physical health,
mental health) remain elusive and in need of additional study. It is
also likely that individual differences in baseline characteristics
play an important role in moderating the impact of strategies to
cultivate well-being. We envision a future “precision-medicine”
approach that tailors training protocols for different types of individuals based on baseline individual differences.
Another key insight from the neuroscience data reviewed here is
that the different dimensions of well-being are instantiated in partially separable brain circuits, each of which exhibits plasticity. The
causal status of specific components of these networks in different
aspects of well-being has hardly been studied. One example of how
this might be approached is recent collaborative work from our
group in which transcranial magnetic stimulation was used to transiently disrupt a key prefrontal node central to meta-awareness, thus
establishing a causal role for lateral PFC in certain forms of metaawareness (172). Similarly, despite decades of research, there have
been few substantive improvements in the measurement of wellbeing that go beyond self-report measures. Although self-report
measures across all four domains are abundant, there are few valid
and reliable behavioral measures. The advent of mobile technology
along with machine learning approaches is opening new doors to
studying well-being at scale through the use of new methodologies,
including experience sampling (or ecological momentary assessment) and the use of mobile sensors and other passively collected
data (173). Finally, well-being research is often carried out in a
manner such that both researchers and research participants do not
adequately reflect the racial, socioeconomic, and cultural diversity of
the general population. As a result, we know comparatively little
about the role that individual and societal contexts play in the cultivation of well-being. For this reason, including diverse perspectives
in both research and training initiatives may improve the development and research process from beginning to end.

Conclusion
In presenting this framework, we wish to further research on the
cultivation of well-being by highlighting dimensions of well-being
that are trainable and considering the psychological and neural
pathways through which training can occur. We do not view this as
an exhaustive model, but rather envision that future research will
refine and expand upon what we have presented here. Nevertheless,
it is our sincere aspiration that this humble effort will spur further
research in this area, stimulate development of new well-being
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measures, and most importantly, contribute to the development
of robust interventions to reduce suffering and improve wellbeing around the world. With the COVID-19 pandemic, the
continued prevalence of racial and other forms of discrimination,
and upheavals due to climate change and economic hardship,
there have been few periods in recent human history when the
need for evidence-based, scalable interventions has been more
urgent than it is today.

Data Availability. There are no data underlying this work.
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32 M. W. Cole, G. Repovš, A. Anticevic, The frontoparietal control system: A central role in mental health. Neuroscientist 20, 652–664 (2014).
33 A. Etkin, C. Büchel, J. J. Gross, The neural bases of emotion regulation. Nat. Rev. Neurosci. 16, 693–700 (2015).
34 N. Kohn et al., Neural network of cognitive emotion regulation—an ALE meta-analysis and MACM analysis. Neuroimage 87, 345–355 (2014).
35 H. Lee, A. S. Heller, C. M. van Reekum, B. Nelson, R. J. Davidson, Amygdala-prefrontal coupling underlies individual differences in emotion regulation.
Neuroimage 62, 1575–1581 (2012).
36 R. C. Lapate et al., Inhibition of lateral prefrontal cortex produces emotionally biased first impressions: A transcranial magnetic stimulation and
electroencephalography study. Psychol. Sci. 28, 942–953 (2017).
37 A. Diamond, Executive functions. Annu. Rev. Psychol. 64, 135–168 (2013).
38 P. Sedlmeier et al., The psychological effects of meditation: A meta-analysis. Psychol. Bull. 138, 1139–1171 (2012).
39 B. W. Mooneyham et al., States of mind: Characterizing the neural bases of focus and mind-wandering through dynamic functional connectivity. J. Cogn.
Neurosci. 29, 495–506 (2017).
40 D. J. Good et al., Contemplating mindfulness at work: An integrative review. J. Manage. 42, 114–142 (2015).
41 L. Flook, S. B. Goldberg, L. Pinger, R. J. Davidson, Promoting prosocial behavior and self-regulatory skills in preschool children through a mindfulness-based
Kindness Curriculum. Dev. Psychol. 51, 44–51 (2015).

Dahl et al.

PNAS | December 22, 2020 | vol. 117 | no. 51 | 32203

Downloaded by guest on February 7, 2021

42 D. G. MacCoon, K. A. MacLean, R. J. Davidson, C. D. Saron, A. Lutz, No sustained attention differences in a longitudinal randomized trial comparing mindfulness
based stress reduction versus active control. PLoS One 9, e97551 (2014).
43 A. Diamond, D. S. Ling, “Review of the evidence on, and fundamental questions about, efforts to improve executive functions, including working memory” in
Cognitive and Working Memory Training: Perspectives from Psychology, Neuroscience, and Human Development, J. M. Novick, M. F. Bunting, M. R. Dougherty,
R. W. Engle, Eds. (Oxford University Press, 2019), pp. 143–431.
44 R. J. Davidson, A. W. Kaszniak, Conceptual and methodological issues in research on mindfulness and meditation. Am. Psychol. 70, 581–592 (2015).
45 M. Goyal et al., Meditation programs for psychological stress and well-being: A systematic review and meta-analysis. JAMA Intern. Med. 174, 357–368 (2014).
46 S. B. Goldberg et al., Mindfulness-based interventions for psychiatric disorders: A systematic review and meta-analysis. Clin. Psychol. Rev. 59, 52–60 (2018).
47 S. B. Goldberg et al., Awareness, connection, and insight: Testing a multi-component, self-guided, smartphone-based meditation app in a three-armed
randomized controlled trial. JMIR Ment. Heal., in press.
48 J. J. Arch, K. B. Wolitzky-Taylor, G. H. Eifert, M. G. Craske, Longitudinal treatment mediation of traditional cognitive behavioral therapy and acceptance and
commitment therapy for anxiety disorders. Behav. Res. Ther. 50, 469–478 (2012).
49 K. C. R. Fox et al., Functional neuroanatomy of meditation: A review and meta-analysis of 78 functional neuroimaging investigations. Neurosci. Biobehav. Rev.
65, 208–228 (2016).
50 J. B. Freeman, N. Ambady, A dynamic interactive theory of person construal. Psychol. Rev. 118, 247–279 (2011).
51 J. T. Cacioppo, L. C. Hawkley, Perceived social isolation and cognition. Trends Cogn. Sci. 13, 447–454 (2009).
52 G. E. Vaillant, Aging Well: Surprising Guideposts to a Happier Life from the Landmark Study of Adult Development (Little, Brown and Company, 2008).
53 Z. I. Santini, A. Koyanagi, S. Tyrovolas, C. Mason, J. M. Haro, The association between social relationships and depression: A systematic review. J. Affect. Disord.
175, 53–65 (2015).
54 A. R. Teo, R. Lerrigo, M. A. M. Rogers, The role of social isolation in social anxiety disorder: A systematic review and meta-analysis. J. Anxiety Disord. 27, 353–364 (2013).
55 J. Holt-Lunstad, T. B. Smith, J. B. Layton, Social relationships and mortality risk: A meta-analytic review. PLoS Med. 7, e1000316 (2010).
56 A. M. Wood, J. Maltby, R. Gillett, P. A. Linley, S. Joseph, The role of gratitude in the development of social support, stress, and depression: Two longitudinal
studies. J. Res. Pers. 42, 854–871 (2008).
57 S. Cacioppo, A. J. Grippo, S. London, L. Goossens, J. T. Cacioppo, Loneliness: Clinical import and interventions. Perspect. Psychol. Sci. 10, 238–249 (2015).
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