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A B S T R A C T

Theoretical and neurophysiological investigations into compassion are burgeoning, yet the putative neural
mechanisms which underpin such processes are less well understood. Therefore, we have conducted an
Activation-Likelihood Estimate meta-analysis in order to ascertain the shared neural processes consistently
identified as relevant to compassion. Our analysis of sixteen fMRI studies revealed activation across seven broad
regions, with the largest peaks localized to the Periaqueductal Grey, Anterior Insula, Anterior Cingulate, and
Inferior Frontal Gyrus. Overall, we identified a tendency for studies to operationalize compassion in one of three
ways, as driven either ‘top-down’, ‘bottom-up’, or modified by target context. We failed to identify regions
purportedly common to compassion such as the DLPFC, OFC, and Amygdala, possibly due to a small number of
studies which used Loving-Kindness meditation. We argue future research in compassion science continue a
multi-modal approach to examine links between neural activity and actual prosocial behavior, and recommend
the application of fMRI paradigms on compassion with clinically diagnosed populations to parallel current trends
in psychotherapy such as Compassion Focused Therapy.

1. Introduction

Compassion is the motive to detect and approach suffering, with a
commitment to try and alleviate or prevent it (Gilbert, 2019). Compas-
sion likely emerged from our mammalian care-giving neurophysiology
(Brown and Brown, 2015; Marsh, 2019; Mayseless, 2016), and is evi-
denced to facilitate connection, care and improved social functioning
(Ferrari et al., 2019; Seppälä et al., 2017; Kirby et al., 2017a,b; Kirby,
2017; Strauss et al., 2016). As compassion is inherently prosocial, how-
ever, it has been conflated with conceptually similar processes such as
empathy and sympathy (Klimecki and Singer, 2017). Although compas-
sion includes sympathetic and empathic processes as informants to help
in the engagement and reduction of suffering (Stevens and Woodruff,
2018; Klimecki and Singer, 2017), compassion can include other factors
such as care for well-being, being sensitive to another’s needs, the ability
to tolerate emotional distress, and non-judgement (Ashar et al., 2017;
Gilbert, 2019; Gonzalez-Liencres et al., 2013; Weng et al., 2018).

The key distinction of compassionate motivation when compared to
competencies such as empathy and sympathy, is that the motivation of
compassion is to reduce suffering (Ashar et al., 2016b; Gilbert, 2019;
Heyes, 2018).

The motivation of compassion likely emerged from mammalian
caregiving, which requires parental investment to be attentive to the
distress and needs of another (i.e., offspring/infant), and then turn to-
wards and approach distress signals in order to help alleviate the dis-
tress, whether it be via protection if threatened, feeding if hungry,
rescue if distant, or soothing if distressed (Bowlby, 1969; Gilbert, 2019;
Porges, 2007). Human compassion emerges from this basic mammalian
caring motivation and combines complex cognitive competencies that
have evolved over the last two million years (Dunbar and Shultz, 2017;
Gilbert, 2019). These include the social intelligences of knowing
awareness (i.e., ability to mentalize and engage in mindfulness, have
mental time travel, symbolic thinking); empathic awareness (i.e., in-
sight into why we feel/think/act the way we do, and that of others); and
knowing intentionality (i.e., deliberately choosing to cultivate specific
motives and develop specific skills to enact the motive) (Dunbar and
Shultz, 2017; Gilbert, 2019; Kirby and Gilbert, 2017; Suddendorf,
2018). These social cognitive competences enables the compassionate
motive to be strengthened, through cultivation and training, and thus
compassion can be applied beyond just offspring or kinship groups and
extend towards others (Gilbert, 2019; Kirby et al., 2019). Importantly
these competencies can also be applied to other motives such as
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competitive or sexual motivations (e.g., Gilbert, 2019). Whilst the field
of compassion science has disagreed about how to best define and
measure compassion, which has caused some problems for the field
(Goetz et al., 2010; Kirby, 2017; Kirby et al., 2017a,b; Strauss et al.,
2016), investigation into the neuroscientific (i.e., fMRI) and physiolo-
gical basis (i.e., heart-rate variability, HRV) of compassion has grown
steadily (e.g., Petrocchi and Chelli, 2019).

Indeed, functional imaging in compassion has historically drawn
upon numerous techniques and/or perspectives within the literature
(Seppälä et al., 2017). This underscores that compassion is not a single
process mediated by a single brain network, but rather is multi-faceted
and associated with numerous processes. Elucidation of this complexity
is therefore critical to understand compassion, as this can provide evi-
dence to support theoretical accounts of compassion and it’s correlates,
and perhaps establish a neural basis for compassion as distinct from
processes such as sympathy or empathy (Klimecki and Singer, 2017;
Stevens and Woodruff, 2018). Here, this may reveal compassion as a
unique motive poised to confront and reduce suffering, in order to
promote individual wellbeing and social flourishing.

We have conducted an Activation-Likelihood Estimate (ALE) meta-
analysis on previous fMRI studies of compassion, which will for the first
time synthesize the existing literature via coordinates-based analysis, in
order to provide insight into which brain networks are most con-
sistently reported to be associated with compassion. Crucially, in
identifying studies for the meta-analysis, we selected all papers with
activation foci that the authors interpreted as reflecting compassion-
related activation. This allowed us to first identify the brain regions that
have been most commonly attributed to compassion-related processes.
We then reviewed details of the authors’ operationalization of com-
passion and the experimental paradigms used within these studies, and
discuss differences within the overall networks of brain areas associated
with different aspects of compassion.

2. Materials and methods

2.1. Literature search and exclusion criteria

PUBMED and the Web of Science databases were searched using the
keywords ‘Compassion’ AND ‘fMRI’. As of December 2018, this search
revealed 651 published, peer-reviewed papers. The inclusion criteria
for our analyses were as follows:

1. Studies that explicitly mentioned compassion and fMRI within title,
abstract and/or keywords were included, whereas those that did not
were excluded. Two hundred and fifty-eight (258) of the 651 papers
met this criterion.

2. Studies which utilized fMRI were included, whereas those that
employed other techniques (i.e., Electroencephalography (EEG),
Transcranial Magnetic Stimulation (TMS), behavioral measures and
review articles) were excluded. Our study was restricted to fMRI
data as we wanted to have approximately comparable temporal and
spatial resolution for the ALE analyses. Twenty-six (26) of the re-
maining 258 papers met this criterion.

3. Studies that failed to include whole-brain analyses were excluded.
Primarily, this step removed studies that only reported activation
results using a region-of-interest approach. After deletion of dupli-
cate articles, Sixteen (16) of the remaining twenty-six papers re-
mained for analysis.

2.2. Selection of activated voxels

From the 16 studies which passed the criteria listed above, we in-
cluded all voxels that the authors explicitly interpreted as reflecting
significant compassion-related activity. If studies reported original

voxels in Talairach space, we then transformed them into MNI space
using the mni2tal algorithm (Lancaster et al., 2007) within the Ginger
Ale software (Eickhoff et al., 2009). In total, 309 foci were included in
the overall analysis. If studies incorporated additional comparisons
which pertain to compassion (i.e., interaction terms) these were also
included.

2.3. Activation Likelihood Estimation (ALE)

In order to identify regions of consistent activation between studies,
we performed an ALE analysis using the GingerALE software (Eickhoff
et al., 2009, Version 2.3.6). An advantage of this current version (2.3.6)
over pre-existing algorithms is that it permits random-effects inter-
ference, by assessing for above-chance clustering of foci between ex-
periments (Laird et al., 2005; Turkeltaub et al., 2012). We corrected for
multiple comparisons using the false-discovery rate (FDR) at p< 0.05,
and utilized a 0mm3 volume to define a cluster. The thresholded maps
of the ALE values were superimposed on a canonical T1-weighted
structural scan using Mango (http://ric.uthscsa.edu/mango/). The ALE
analysis included additional output which provides information of
cluster-size, location, and anatomical labels (Table 1).

3. Results

Table 1 displays our ALE-activation from seven distinct regions –
Middle Frontal Gyrus, Bilateral Inferior Frontal Gyrus, Bilateral Insula,
Anterior Cingulate, Medial Frontal Gyrus, Basal Ganglia/Thalamus
circuitry, and Other. Fig. 1 depicts numerous regions of interest su-
perimposed on a canonical T1-weighted structural scan.
Table 2Table 2A synthesizes the studies we have included in our ALE
analysis into three broad operationalizations, ‘stimulus’, ‘mindset’, or
modulated by ‘target’ characteristics. We decided upon this framework
by reporting how studies have conducted experimental contrasts. For
example, ‘stimulus’ describes emotional-neutral contrasts, which isolate
an effect of negative emotion, ‘mindset’ describes any study which in-
vestigated as part of their task a top-down generation, mindset, or
cultivation of compassion, and ‘target’ considers an interaction between
affect and properties of stimuli (i.e., attractiveness vs unattractiveness,
guilt vs innocence).

3.1. Anatomical specificity

In order to establish valid and consistent anatomical labels and
terminology throughout the remainder of this paper, we compared our
coordinates of ALE activation with published reviews, meta-analyses,
and experimental data.

3.2. Bilateral Insula

First, our ALE revealed consistent activation within Bilateral
Anterior Insula. Overall, the Insula are thought to be involved in pro-
cessing visceral and autonomic responses, such as awareness of internal
bodily sensations and a subjective experience of emotions (Menon,
2015), and comprise anterior, middle and posterior subdivisions (Uddin
et al., 2017). Coordinates in our ALE activation appear to correspond
most closely with the anterior subdivision, supported from coordinates
reported in other studies attributed to this sub-region (Menon, 2015).

3.3. Cingulate Cortex

Second, our ALE revealed consistent activation in the Cingulate
Cortex. Overall, the Cingulate is a central “hub” responsible for the
integration of sensory, motor, cognitive, and emotional information
(Bush et al., 2000), and is evidenced to comprise general cognitive and
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affective subdivisions (Vogt, 2005), which are indicative of the anterior
vs ventral portions, respectively (Bush et al., 2000). Coordinates in our
ALE activation appear to correspond most closely with the cognitive
than affective division of the cingulate, supported from coordinates in
other studies attributed to this sub-region (Bush et al., 2000). Fur-
thermore, our analysis also identified clusters of activation in the limbic
section of the cingulate, in accordance with coordinates attributed to
this area reported in previous research (Menon, 2015), and a functional
and anatomical review of the limbic system (Catani et al., 2013).

3.4. Inferior, Medial, and Middle Frontal Gyri

Third, our ALE identified consistent activation in the Inferior
Frontal Gyrus (IFG). Coordinates in our ALE activation appear to cor-
respond most closely with bilateral IFG, supported from coordinates
reported in other studies attributed to this sub-region (Hampshire et al.,
2010; Swick et al., 2008).

We also observed consistent activation in the Medial Frontal Gyrus.
Overall, the Medial Frontal Gyrus is thought to be involved in both
performance monitoring (van Noordt and Segalowitz, 2012v) and social
cognition (Amodio and Frith, 2006; Molenberghs et al., 2016). Co-
ordinates in our ALE activation appear to correspond most closely with
ventral and anterior portions, as assessed from coordinates outlined in
previous research attributed to this sub-region (Amodio and Frith,
2006).

In addition, our analysis revealed consistent activation in the Middle
Frontal Gyrus. Coordinates in our ALE activation appear to correspond
most closely with cingulum subdivisions, which have been associated
with greater activation toward temporal or “when” information, and
suppression of spatial or “where” information, respectively, in other
studies which reported coordinates attributed to this sub-region (Talati
and Hirsch, 2005).

Fig. 1. Common regions of activation identified from our ALE-analysis of 16
fMRI studies on compassion. a. Bilateral Inferior Frontal Gyri (top) and
Substantia Nigra/Periaqueductal Grey (bottom), b. Anterior Cingulate (top)
and Subcallosal Cingulate (bottom), c. Bilateral Anterior Insula, d. Left
Putamen and Left Thalamus. Peak activation thresholded at FDR, p< 0.05, and
coordinates reported in MNI-space. Z- and X-values correspond to Axial and
Sagittal planes, respectively.

Table 2
Compassion as driven from experimental contrasts researchers performed,
whether 2.A stimulus, 2.B mindset, 2.C target characteristics, or 2.D multi-
level model. Authors which reported multiple contrasts which spanned cate-
gories are listed in applicable tables. We report substania nigra/PAG activation
as separate to basal ganglia/thalamus given its importance in contemporary
models of compassion.

A. Compassion driven from affective stimuli (negative – neutral contrasts).

Author Definition ALE Network(s)
Contribution

Weng et al. (2018) Affect/Feeling/Motive N/A
Laneri et al. (2017) Emotion Frontal

Salience
Basal Ganglia/
Thalamus

Mercadillo et al. (2015) Emotion Frontal
Basal Ganglia/
Thalamus
Other

Jankowiak-Siuda et al. (2015) Empathic Concern Salience
Basal Ganglia/
Thalamus
Substantia Nigra/
PAG

Mascaro et al. (2013)
(NeuroImage)

Feeling, Behaviour,
“Universal Sense”

Frontal
Salience
Thalamus

Mascaro et al. (2013)
(SCAN)

Feeling Frontal
Salience
Thalamus
Substantia Nigra/
PAG

Mercadillo et al. (2011) Emotion Frontal
Salience

Simon-Thomas et al. (2012) Emotion Substantia Nigra/
PAG

B. Compassion driven from mindset/active strategy.

Author Definition ALE Network(s) Contribution

Engen and Singer (2015) Emotion Frontal
Salience
Basal Ganglia/Thalamus

Klimecki et al. (2014) Emotion/Motive Frontal
Basal Ganglia/Thalamus

Longe et al. (2010) Reassurance/Resilience Salience
Kim et al. (2009) Emotion/Response Frontal

Salience
Substantia Nigra/PAG

C. Compassion driven by target characteristics.

Author Definition ALE Network(s)
Contribution

Jankowiak-Siuda et al.
(2015)

Empathic Concern Frontal
Salience
Thalamus
Other

Fehse et al. (2014). Cognition/Affect/
Behaviour/Urge

Frontal
Salience

Weng et al. (2013) Emotional Response N/A
Mercadillo et al. (2011). Emotion Basal Ganglia/Thalamus

Substantia Nigra/PAG
Other

Immordino-Yang et al.
(2009)

Motive Salience

Kim et al. (2009) Emotion/Response Substantia Nigra/PAG

D. Compassion analyzed with a multi-level model (MLM).

Author Definition ALE Network(s) Contribution

Engen et al. (2018) Motive/Wish N/A
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3.5. Basal Ganglia/Thalamus

Fourth, our ALE revealed consistent activation in the Basal Ganglia/
Thalamus. The basal ganglia/thalamus network comprises distinct
subdivisions, with unique circuitry for motor, oculomotor, prefrontal
and limbic pathways (DeLong and Wichmann, 2010). Coordinates in
our ALE activation appear to correspond most closely with ventral-
anterior and medial-dorsal left thalamic nuclei, in accordance with
coordinates reported in other studies attributed to this sub-region
(DeLong and Wichmann, 2010). These sub-regions have been suggested
to be functionally connected with pre-frontal and limbic/motor regions,
respectively (DeLong and Wichmann, 2010).

4. Discussion

As can be seen in Table 2A and Appendix A, it is apparent that
varied definitions of compassion have been provided by each set of
authors. Furthermore, as can be seen in Table 3, there is inconsistency
in instructions provided to participants, stimuli sets used in experi-
ments, and only one experiment incorporated a behavioral measure of
compassion or prosocial behavior. However, as can be seen in Appendix
A, there is considerable evidence for three main operationalizations of
compassion as governed by the experimental contrasts researchers
performed. For example, eight studies considered compassion to be
driven from affective neural responses via conducting an emotional
minus neutral contrast (Table 2A). Next, four studies considered com-
passion to be an active mindset, driven ‘top-down’, typically measured
in conjunction with a negative – neutral contrast (Table 2B). Last, six
studies considered compassion to be attenuated by certain target or
contextual attributes (i.e., interaction between target manipulation and
negative – neutral contrast) (Table 2C). Specifically, this third approach
recognizes certain stimulus or target characteristics (i.e., innocence vs
guilt, attractiveness vs non-attractiveness) may facilitate or inhibit
compassion-based responding. One study was unique in modelling their
data within a multi-level model (Table 2D), and therefore deserves its
own sub-category. We note this approach allowed the authors to model
group, state, and group * state interactions, and believe an adoption of
similar methodologies within future compassion neuroscience research
will allow better approximation of the fixed and random factors within
multi-modal compassion fMRI experiments (for methods, refer to
Friston et al., 2005; Chen et al., 2013).

We note that despite these experimental contrasts and analysis
strategies, neural activation of particular regions or networks do not
appear to depend upon either one of these three approaches (i.e.,
Table 2A). Furthermore, we note our ALE-analysis identified activation
localized to frontal lobes and subcortical regions, with no parietal or
occipital components (i.e., Table 1).

4.1. Contribution of salience-network activation to compassion

First, we identified significant activation across two key regions, the
anterior cingulate cortex and anterior insula (Greicius et al., 2009;
Menon, 2015; Uddin et al., 2017). These regions are nodes in the Sal-
ience network, a network which is typically active in paradigms which
measure neural responses to experienced or observed pain (Cao et al.,
2015, 2017; Lamm et al., 2007, 2011). Functionally, dorsal, anterior
insula sub-regions have been suggested to be involved in elements of

executive function, as this sub-region sends and receives projections
related to cognitive control regions such as frontal-parietal areas and
the anterior cingulate (Uddin et al., 2017). In addition, dorsal, anterior
divisions of the cingulate have been associated with cognitively de-
manding working memory and response conflict tasks such as stroop,
divided attention or motor-response paradigms (Bush et al., 2000b). We
also observed common activation amongst orbitofrontal/limbic sections
of the cingulate, reputed to be involved in functions such as behavioral
inhibition, memory, multi-modal sensory integration, and reward as-
sociation learning (Catani et al., 2013).

The role of the salience network in compassion indicates a strong
effect of processing negative emotion toward observed or experienced
suffering or pain. Given the salience network responds preferentially
toward stimuli which are affective or painful (Menon, 2015), it is
possible the salience network is not necessarily coupled with compas-
sion, but rather commonly active due to the processing of affective,
emotional stimuli, an operationalization which has dominated the field
to date. Certainly, only very few studies within our included sample
(e.g. Engen et al., 2018) examined neural correlates of compassion in
contexts which are markedly non-visceral or non-affective. However,
additional studies have implicated the salience network in paradigms
which were not restricted to negative-neutral contrasts alone, to con-
sider factors such as mindset and/or active attention toward suffering
or pain (i.e., Kim et al., 2009; Klimecki et al., 2014; Engen et al., 2018).
Therefore, our original conceptualization of compassion we reported
within the introduction - to attend to and hold a desire to reduce the
suffering of another – might naturally incorporate functional activation
of the salience network, in order to process and/or attend towards
stimuli which encompasses suffering.

4.2. Contribution of Basal Ganglia/Thalamus to compassion

Second, our ALE-analysis also identified common activation in the
basal ganglia and thalamus. Basal ganglia and/or thalamus dysfunction
have been associated with deficits in emotional expression and pro-
cessing, the inability to associate emotion with behaviour (Levy and
Dubois, 2006), and the inability to detect salient emotional cues
(Paulmann et al., 2013). Furthermore, convergent evidence from
stroke-patient models has established basal ganglia impairment is as-
sociated with significantly greater affective (i.e., apathy, depression)
and cognitive deficits than controls (Onoda et al., 2010; Paradiso et al.,
2013). We believe more fine-grained analyses in future work may allow
us to delineate the exact contribution of each of these regions’ sub-
components in relation to compassion.

4.3. Contribution of other frontal regions to compassion

Third, our ALE-analysis also identified common activation in frontal
regions which include inferior, medial and middle gyri. Taken together,
these frontal regions are associated with a wide range of diverse func-
tions which include language (Katzev and Tu, 2013; Poldrack et al.,
1999), executive functions such as attention (Japee et al., 2015), and
the capacity to monitor emotion and valence (Amodio and Frith, 2006).
Interestingly, studies which have operationalized compassion as a ‘top
down’ mindset could likely recruit frontal regions preferentially, and
yet we identified this manipulation was not associated with activation
solely from frontal regions (i.e., Table 2A). Indeed, frontal regions were
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equally as likely to be recruited in studies which considered compassion
to be stimulus and/or target driven (i.e., Tables 2A and 2B). Whilst
research has begun to understand the functional role of these individual
regions, however, we are unsure of the direct relevance of medial and
middle frontal gyri toward compassion. However, a patient lesion
model has supported a role for inferior frontal gyri in prosocial moti-
vation, or “the desire to help”, a concept similar to compassion (Shdo
et al., 2018).

4.4. Contribution of Midbrain/PAG regions to compassion

Fourth, Midbrain Periaqueductal regions are circuits which govern
pain modulation, anxiety, reproductive behavior, and integrate auto-
nomic function (Behbehani, 1995; Faull et al., 2019; Linnman et al.,
2013). Furthermore, functional activation of human PAG and Midbrain
Nuclei have also been implicated in cognitive control mechanisms, such
as working memory response under cognitive load (Kragel et al., 2019).
In humans, deep brain stimulation of ventral PAG regions is associated
with parasympathetic-mediated outflow to the heart, and correlated
with a reduction in pain (Pereira et al., 2010). Taken together, these
outcomes were argued to indicate analgesic efficacy of the PAG (Pereira
et al., 2010). Furthermore, there is considerable evidence for PAG cir-
cuits and corresponding hormones (i.e., oxytocin, oestrogen, prolactin,
and vasopressin) to underlie mammalian nurturance or ‘care’ systems
(Panksepp, 2011). Yet, neuropeptides such as oxytocin are also context
dependent in circumstances such as defensive and/or maternal ag-
gression (Bosch et al., 2005; Nephew et al., 2010; Bosch, 2013). Re-
cognition of the neurophysiological basis of these evolved mechanisms
for mammalian care (i.e., Panksepp, 2011) have informed numerous
contemporary models of compassion, such as Compassion Focused
Therapy (CFT) and Compassionate Mind Training (CMT) (Gilbert,
2017, 2019).

From our ALE-analysis, however, it is apparent only four studies
report functional activation in the Midbrain/PAG (i.e., Table 2A), and
yet this cluster formed the largest from all foci (i.e., Fig. 1a), followed
by the Insula (i.e., Fig. 1c). Therefore, whilst compassion may not ne-
cessarily encompass functional activation of Midbrain/PAG circuits in
theory, it is evident this region has been implicated strongly across
extant compassion neuroscience paradigms to date. We believe this
finding may complement Gilbert’s models of compassion (2017, 2019)
to underscore compassion can build upon pre-existing care circuits, yet
is ultimately contextual and may not be beholden toward PAG func-
tional activation.

4.5. Areas outside ALE

Three studies in our meta-analysis did not contribute foci to our
final ALE output. As reported natively within these individual studies,
these regions comprised left fronto-polar cortex (Engen et al., 2018),
right orbito-frontal cortex and perigenual cingulate cortex (Weng et al.,
2018), and right dorsolateral prefrontal cortex and inferior parietal
cortex (Weng et al., 2013). What is common between these studies are
the use of Loving-Kindness Meditations (LKM), which has a slightly
different focus than compassion. In LKM the focus is on the wellbeing,

happiness and flourishing of others, whereas, compassion is focused on
the suffering of others with a wish to see it alleviated (Wallace, 1999).
Thus, LKM does not require one to stay focused on suffering. Despite
this slightly different motivational focus many compassion training
programs (e.g., Compassion Cultivation Training) include LKM, and this
could be partly due to Buddhist influence of the four immeasurables,
which include compassion, loving-kindness, equanimity, and appre-
ciative joy (Wallace, 1999). Given this manipulation is unique to only a
few studies included in our overall meta-analysis, it is apparent these
foci may not have been identified as common given a lack of studies
with a comparable methodology and results.

Critically, recent research has found kindness and compassion differ
significantly in terms of eliciting self-reported emotional responses
(Gilbert et al., 2019). To further examine the differential impact com-
passion may exhibit compared to kindness would be of interest, as we
predict this would indicate different neural mechanisms. For example,
might compassion be associated with greater functional activation of
the PAG and related nuclei compared to a kindness manipulation, to
facilitate up-regulation of care-circuitry? Certainly, this is an empirical
question to test.

4.6. Regions of interest approach

In conjunction with whole-brain analyses, however, compassion
science has frequently utilized a region-of-interest approach to reveal a
crucial role of the amygdala for modulating and/or driving compas-
sionate processes (Desbordes et al., 2012; Lamm et al., 2007; Leung
et al., 2017; Lutz et al., 2008; Mascaro et al., 2013a,b; Weng et al.,
2018). However, we had to exclude these studies from our ALE-analysis
given they did not report relevant whole-brain results, and therefore
failed to meet our entry criteria. Furthermore, if studies did report
significant whole-brain amygdala activation, however, upon ALE-ana-
lysis we failed to find this region commonly active. Therefore, we can
infer that if there is activation in the amygdala, it is likely to be in-
consistent between studies to date, and operates at a weaker threshold
than whole-brain results.

4.7. Future directions

Given the diversity evident throughout compassion neuroimaging
research to date, we argue the future of this field would benefit from
much greater specificity, clarity, and experimental innovation, in order
to better approximate both compassionate motivation and action. We
propose five main considerations to help guide future work. First,
whilst difficult, we recommend future neuroimaging research seek to
establish links between neural data and actual concrete behavior out-
side the scanner, such as prosocial or altruistic acts. For example, an
inclusion of a donation paradigm to examine whether individuals act
prosocially by giving to identified targets who are suffering (e.g., Ashar
et al., 2016a). Alternatively, the inclusion of virtual reality technologies
might also offer unique opportunities to examine brain activation in
contexts where suffering is urgent (e.g., somebody in a burning house),
to examine both brain region activation and the behavioral actions of
the participant (e.g., Patil et al., 2018).

J.J. Kim, et al. Neuroscience and Biobehavioral Reviews 108 (2020) 112–123

118



Second, we recommend future neuroimaging research consider
studying clinical populations such as those with depression and/or
anxiety, to parallel current trends in therapy (Kirby, 2017; Kirby et al.,
2017b). Third, we reiterate Ashar et al.’s (2016b) recommendation for
future compassion neuroimaging research to consider a systems and/or
computational neuroscience approach (i.e., Bassett et al., 2018; Farrell
and Lewandowsky, 2010), such as effective connectivity (Friston et al.,
2003, 2019). The effective connectivity approach (Friston et al., 2003,
2019) models underlying neural function from traditional fMRI data,
and can consider relationships between interacting regions in a network
given experimental perturbations (Stephan et al., 2010; Friston et al.,
2019). We believe an adoption of this method may allow a deeper
understanding of compassionate motivation and it’s ability to predict
objective behavior. For example, Weng et al. (2013) (included in our
ALE-analysis) conducted such an approach, and identified greater
coupling of the dorsolateral prefrontal cortex and nucleus accumbens
after compassion training predicted greater levels of helping behavior,
measured as monetary donations.

Fourth, when we measure and assess compassion in research we
recommend using various methods, such as neuroimaging, physiology
(e.g., heart rate variability; Matos et al., 2017; Kirby et al., 2017a,b),
behavioral paradigms, and self-report. Collectively these various mea-
surement tools help provide insights and estimates as to what is com-
passionate engagement and behavior. When studies assessing compas-
sion rely on only one form of assessment, particularly self-report
measures, there are risks that compassion is conflated with compe-
tencies such as empathy, mindfulness, or kindness (Gilbert et al., 2019).
Fifth, to respond to the call for “compassion training programs that
teach skills for staying engaged with others’ suffering without becoming
overwhelmed or overly distressed, [which] might reduce the fear of
feeling compassion and help sustain compassion in difficult situations”
(Ashar et al., 2019, BioRxiv Preprint), we believe current and emerging
approaches such as Compassion Focused Therapy and Compassionate
Mind Training are ideal candidates for the neurosciences moving for-
ward. Taken together, we believe these five recommendations to con-
sider objective behavior, clinical samples, systems or computational

methods, multi-modal designs, and validated therapeutic approaches,
will aid neuroscience to identify more concretely compassionate moti-
vation and related behavior.

5. Conclusion

We have conducted the first meta-analysis on compassion-related
neuroimaging, and identified seven distinct regions associated with
compassion localized to frontal and subcortical regions. We also iden-
tified numerous regions which, reputed to be key to compassion (i.e.,
DLPFC, OFC, Amygdala), failed to be revealed as commonly active
between the studies included in our ALE-analysis - likely due to a small
number of studies which utilized a specific manipulation (Loving-
Kindness Meditation). In addition, we report three broad traditions of
operationalizing compassion through experimental contrasts, which
consider compassion as an emotional response to negative stimuli,
compassion as an active mindset, or as a modulated by specific target
attributes. We believe future research which can link neural data to
objective behavior, consider clinical samples and computational
methods, will push the frontiers of compassion science, to more fully
approximate how the neuroscience of compassion can predict com-
passionate motivation and action within the real world.
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