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Abstract
Vagal Reactivity and Compassionate Responses to the Suffering of Others
by
Jennifer Ellen Stellar
Doctor of Philosophy in Psychology
University of California, Berkeley

Professor Dacher Keltner, Chair

Theoretical and empirical work suggest that the vagus nerve supports social behavior, promoting
communication, social engagement, coping or self-soothing in social situations, and the initiation
of socially supportive behavior (e.g. Porges, 2003). Guided by this thinking, I predict that the
experience of compassion in response to the suffering of others is associated with greater vagus
nerve activation. I test this hypothesis across four studies in which participants witnessed others
suffer while I recorded physiological measures including a non-invasive index of vagal activity
called respiratory sinus arrhythmia (RSA), heart rate, respiration, and skin conductance.
Participants exhibited greater RSA activity during the compassion induction compared to a
neutral control (Study 1), another positive emotion (Study 2), and a prosocial emotion that lacked
the presence of suffering (Study 3). Increases in RSA activity during the experience of
compassion were accompanied by decreases in heart rate and occasionally by increases in
respiration, but not changes in skin conductance. In Study 4, RSA activity during the compassion
induction correlated positively with continuous self-reports of compassion and perceptions of
participants’ compassion by coders. This work suggests that compassion engages the vagus
nerve, facilitating this prosocial response to others’ suffering.
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Vagal Reactivity and Compassionate Responses to the Suffering of Others

Humans are a social species with strong affiliative and cooperative inclinations. In
support of this claim, specific neurophysiological systems appear to facilitate prosocial intentions
and behaviors. Neuropeptides such as oxytocin increase social bonding (Carter, Williams, Witt,
& Insel, 1992) and trusting behavior (Kosfeld, et al., 2005), genes like the Arginine Vasopressin
la receptor (AVPR1a) are associated with greater altruistic responding (Knafo, et al., 2007), and
specific brain regions such as the anterior insula and rostral anterior cingulate cortex enable
individuals to empathize with others (Singer, et al., 2004).

The Polyvagal Theory developed by Porges (2001; 2007) asserts that within the
autonomic nervous system the vagus nerve supports social behavior, promoting communication,
prosocial engagement with others, the utilization of social support to cope with negative affect,
and socially supportive behaviors. Building on this theory, I examine whether the experience of
compassion engages the vagus nerve. Compassion is an affiliative emotion that encourages
social communication and is characterized by powerful social connection. It motivates social
engagement, allowing individuals to actively cope with the distress associated with seeing others
suffer, and initiates caretaking behavior. Although there is considerable overlap between the
functions of the vagus nerve and the characteristics of compassion, no one has examined whether
compassion is associated with vagal activity. These findings would offer a new perspective on
physiological reactivity to suffering because increases in vagal activation would suggest that the
body is calming down or relaxing in response to suffering, which may promote caretaking
behaviors. I hypothesize that the experience of compassion increases parasympathetic
domination over the heart through greater vagus nerve activity. I predict that vagal activation
will be unique to the experience of compassion, and not positive or prosocial emotions more
generally because compassion promotes social engagement in the face of stress.

The Vagus Nerve: Anatomy, Measurement, and Function

The vagus nerve is the tenth cranial nerve. It extends from the brain stem farther than any
other cranial nerve, innervating the Cricothyroid and other major muscles in the larynx, the
Salpingopharyngeus, Palatopharryngeus, and pharyngeal constrictor muscles in the pharynx and
esophagus, as well as the Levator veli palatine and Palatoglossus muscles in the palate, before
travelling down into the heart and digestive organs involved in peristalsis. Recent research
suggests the vagus nerve also functions to control immune response by regulating cytokine
production (Rosas-Ballina, 2011).

Vagal activation is primarily measured through its influence upon heart. In order to
obtain a non-invasive index of vagal activity as it originates in the nucleus ambiguus and projects
to the sino-atrial node of the heart, researchers examine heart rate variability (HRV) or
respiratory sinus arrhythmia (RSA). During respiration, as one inhales, vagus nerve innervation
of the heart naturally reduces, resulting in heart rate acceleration; during exhalation vagus nerve
innervation of the heart increases, leading to heart rate deceleration. HRV captures this
variability in heart rate over time. RSA captures the variability in heart rate that is specifically
associated with the respiration cycle, and is thought to be a better indicator of vagal activation
(Berntson & Cacioppo, & Quigley, 1993). HRV is not an ideal measure of vagus nerve activity
because it is influenced by both parasympathetic and sympathetic systems (Mendes, 2009).
Therefore, researchers use a frequency domain technique to estimate HRV by examining it
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within different frequency bands using a Fourier transformation so vagal influence can be
isolated. HRV that occurs in the high frequency band from .15 to .4 Hz (cycles per second), the
typical frequency range of normal adult respiration, is thought to represent vagal influence. Low
frequency HRV utilizes a low frequency band of 0.04 to 0.15 Hz and is influenced by the
sympathetic and parasympathetic system. This method for obtaining high frequency HRV makes
it equivalent to RSA. RSA, the focus of this paper, can be determined through multiple methods
including the aforementioned use of a bandpass filter to isolate specific frequencies of heart rate
activity associated with vagus control, spectral analysis, or a time-domain peak valley method
(Beauchaine, 2001; Grossman & Taylor, 2007). When measuring HRV or RSA the question of
whether respiration should be controlled for is heavily debated. Some researchers argue that
respiration rate in psychological studies has a negligible impact on RSA (Denver & Porges,
2007), whereas others argue decreases in respiration reduce RSA, but do not change cardiac
vagal activation, decreasing the validity of RSA as an index of vagal activity (Grossman &
Taylor, 2007). Therefore, in our analyses I present RSA before and after including respiration as
a covariate.

The vagus nerve is a major component of the parasympathetic branch of the autonomic
nervous system (Beauchaine, 2001). In contrast to the sympathetic system, which is associated
with high arousal states (e.g. threat, aggression, stress, fear, etc.) the parasympathetic system is
primarily concerned with more restorative processes that take place during times of rest
(Berntson, et al., 1993). In most cases these two systems are thought to work antagonistically
within the heart such that greater parasympathetic efference to the heart is associated with less
sympathetic control over the heart and vice versa. Greater sympathetic activation promotes
increases in heart rate and greater parasympathetic activation leads to decreases in heart rate. In
keeping with this analysis, the vagus nerve inhibits the sino-atrial node or the pacemaker for the
heart. The vagus nerve chronically innervates the heart, maintaining the average adult heart rate
at a pace of sixty to eighty beats per minute. Blocking all vagal efference to the heart results in a
natural stable heart pace of 100 beats per minute, which would be unhealthy for humans to
maintain (Sherwood, 2004). Individuals vary in their chronic vagal activation, referred to in the
literature as vagal tone, which represents the constant level of stimulation that the vagus nerve
exerts upon the heart (Berntson, Cacioppo, & Quigley, 1993; Oveis et al., 2009). Vagal tone is
typically assessed in the absence of specific stimuli, during a baseline or resting task, and
represents a relatively stable individual difference measure.

In addition to chronic levels of activation of the vagus nerve, temporary changes in vagal
activity, or vagal reactivity, occur in response to stimuli in the environment (Berntson, et al.,
1993). Vagal reactivity, the focus of this paper, can be defined either by decreases in vagal
activation, called vagal withdrawal or suppression, or by increases in vagal activation. Vagal
withdrawal occurs when vagal efference to the heart decreases, which is manifested in noticeable
increases in heart rate (Frazier, Strauss & Steinhauer, 2004). In this case the sympathetic system
gains greater control over the pace of the heart, which increases the body’s metabolic output to
meet challenges in the environment (Porges, 1995). In keeping with this claim, past research has
documented a pattern of vagal withdrawal to different types of stressful tasks (e.g. Mezzacappa,
Kelsey, Katkin, & Sloan, 2001). For instance, Mezzacappa and colleagues (2001) found that
participants exhibited decreases in HRV during a challenging mental arithmetic task and the
Stroop test compared to baseline. Similarly, a stressful speech task where participants had 3-5
minutes to prepare a speech that would be rated by others, led to decreases in high frequency
HRYV compared to a two minute relaxation baseline in adults (Souza, 2007) and in a sample of
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adolescents (Hollenstein, McNeely, Eastabrook, Mackey, & Flynn, 2012). The cold face test,
where a very cold compress is applied to the cheeks is a common laboratory stressor, which is
reliably associated with vagal withdrawal (Hilz, et al., 1999; La Marca et al., 2011).

Research has also documented that vagal withdrawal is part of an adaptive response to
negative emotional stimuli (Porges, 1995). In one study, participants exhibited reduced RSA
activity while watching three negative film clips (fear, surprise, and sadness) compared to a
baseline immediately preceding each film clip (Frazier, et al., 2004). In addition, participants
who were instructed to choose a worrisome topic and worry about it showed decreased RSA
compared to a short baseline period (Fisher & Newman, 2013). It is also thought that a lack of
vagal withdrawal to negative emotional situations may predict a more pernicious course of
depression (Rottenberg, Salomon, Gross, & Gotlib, 2005). Depressed participants who showed
greater RSA withdrawal when watching a sad film clip compared to a baseline were more likely
to recover from their depression in a follow-up assessment. Importantly, vagal withdrawal may
be associated with emotional arousal regardless of valence as they found reduced RSA activity in
response to both negative and positive film clips (Frazier et al., 2004). Overall, these findings
suggest that negative situations that are cognitively, physically or emotionally arousing promote
reduced vagal activation, which mobilizes energy resources necessary to meet temporary
environmental challenges.

Increases in vagal activation in response to an environmental stimuli presentation reflect
the vagus nerve exerting greater control over the heart and are often accompanied by decreases
in heart rate. Whereas vagal withdrawal often occurs in response to stressful situations, increases
in vagal activation are seen during contexts characterized by a calming of the body, coping with
negative affect, and positive engagement with the environment. These findings fit within the
broader claims that the parasympathetic system is active during restorative, restful, and safe
contexts (Berntson, et al., 1993). Across multiple studies, researchers have demonstrated that
participants experience greater RSA activation when meditating compared to a control (Krygier,
2013; Kok, et al., 2013) or other activities such as listening to an audio book or sitting while
relaxing one’s muscles (Ditto, Eclache, & Goldman, 2006). Researchers argue that the vagus
nerve is part of a soothing affect system, demonstrating that participants lower on anxious
attachment who performed a Compassion-Focused Imagery (CFI), where they imagined
receiving support from another person showed increases in HRV (Rockliff, Gilbert, McEwan,
Lightman & Glover, 2008). These participants also showed decreases in cortisol, a hormone
released by the adrenal cortex, which suggests a down-regulation of stress-related physiological
systems. In addition, certain contexts where individuals actively attempt to soothe or cope with
negative affect through regulating their negative emotions lead to increases in vagal activation.
Participants instructed to suppress or reappraise their emotional responses while describing a
disgusting clip to another participant experienced larger increases in RSA activity compared to a
neutral film clip, than individuals who were given no instructions to regulate their emotions
(Butler, Wilhelm & Gross, 2006). In addition, in the still face paradigm, mothers instructed to
regulate their response to their infants by suppressing their emotional expression while their
infants expressed distress, showed an increase in RSA activity compared to a baseline where
infants played with a toy (Oppenheimer, Measelle, Laurent, & Ablow, 2013). Vagal activation
also appears to co-occur with greater positive engagement with the physical environment. For
instance, increases in RSA among infants while attending to pictures or toys compared to when
they were sitting in a seat predicted coders’ ratings of their positive engagement with objects



measured as sustained attention, active interaction, and positive signaling (Bazhenova, Plonskaia,
& Porges, 2001).

This research reveals several lines of evidence that are in keeping with Porges’ Polyvagal
Theory (2001) and its specific claims about vagal withdrawal and activation. I have seen that
vagal withdrawal tends to covary with responses to stressful stimuli. By contrast, there is select
evidence indicating that vagal reactivity is associated with calming, regulating distress, and
social engagement. These findings set the stage for the present investigation of the relationship
between vagal reactivity and compassion.

The Polyvagal Theory: A Foundation for the Vagus Nerve and Compassion

The Polyvagal theory posits that there were three major stages to the development of
autonomic nervous system (Porges, 2001; Porges, 2007). The first and earliest stage of
autonomic development was the evolution of the dorsal vagus in jawless fish and
Chondrichthyes (fish with cartilaginous skeletons). The dorsal vagus, or unmyelinated vagus,
originates in the dorsal motor nucleus in the brain stem and was a primitive system geared at
eliciting immobilization by stimulating certain behaviors such as feigning death and passive
avoidance of predators. In a second stage of evolution the sympathetic system emerged in
Osteichthyes (fish with bone skeletons) and amphibians. These organisms were the first to have
both parasympathetic (dorsal vagus) and sympathetic autonomic influence over the heart,
providing inhibitory and excitatory innervation of the heart, respectively. The sympathetic
system allowed organisms to mobilize for more active avoidance of predators by increasing heart
rate and preparing the body for action. Within this second stage was the development of the
adrenal medulla in reptiles. This development enhanced the sympathetic system by permitting
faster and more regulated release of epinephrine and norepinephrine, which enhanced cardiac
output during mobilization. The third and final stage of development that occurred with the
advent of mammals was the appearance of the ventral vagus, or myelinated vagus, which
originates in the nucleus ambiguus in the brain stem (see Porges, 2001, for chart of development
of autonomic influences over the heart).

This theory generates critical hypotheses about the function of the ventral vagus. Porges
argues that these systems are activated hierarchically based on how recently they evolved. The
role of the dorsal vagus nerve in mammals became minimal, leaving the ventral vagus and
sympathetic system to provide primary influence over the sino-atrial node of the heart. Porges
argues that the ventral vagal retains primary influence over the pace of the heart and the
sympathetic system activates only when heart rate changes due to ventral vagal withdrawal are
insufficient to meet environmental challenges. When inhibited, the ventral vagal system allows
for greater sympathetic control over the heart without requiring direct activation of sympathetic
or adrenal system, resulting in more rapid mobilization to environmental stressors without the
metabolically-costly direct activation the sympathetic system. Porges does claim, however, that
sustained stress will lead to direct sympathetic activation. Increases in the ventral vagal influence
on the heart, on the other hand, facilitate quick engagement or re-engagement with the
environment, decreasing metabolic output in order to self-soothe and produce calm states, which
promote social engagement and bonding with others. Given this analysis of the development and
anatomy of the autonomic nervous system, Porges claims that the ventral vagus can be thought
of as a physiological substrate of social engagement behaviors.
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Anatomical connections of the ventral vagus nerve, findings from clinical populations,
and empirical work support Porges’ analysis, demonstrating that the vagus nerve promotes social
communication, social engagement behaviors, the use of social support to cope with stressors,
and the initiation of socially supportive behaviors. The vagus nerve shares connections in the
nucleus ambiguus with surrounding areas that facilitate social communication such as facial
muscles required for expression, muscles involved in nodding the head (a behavior strongly
associated with perceptions of social engagement with others), orienting of the head and gaze
toward others, the laryngeal and pharyngeal muscles responsible for talking and vocalizing, and
the part of the middle ear that extracts human voice from other sounds in the environment
(Porges, 2001). In keeping with this claim about vagus nerve activation and communication,
Butler and colleagues (2006) found that participants with higher baseline RSA were rated as
more emotionally expressive when discussing a negative film clip with another person, as
measured by coders ratings of participant’s grimaces, frowns, and looks of disgust, annoyance,
frustration and negative verbal statements. The vagus nerve also appears to be sensitive to social
contact, or touch, an understudied medium of social communication. In support of this claim,
participants who received non-noxious touch exhibited greater vagus nerve activation, whereas
those who received painful touch experienced greater sympathetic activation (Uvnds-Moberg,
2006).

The vagus nerve has also been linked to greater prosocial or positive social engagement
with others. Evidence supporting the role of the vagus nerve in social engagement almost
exclusively comes from studies that measure of vagal tone, not reactivity, but these studies
provide indirect support for the consequences of temporary increases in vagal activation in
promoting social engagement. In clinical samples, children diagnosed with autism, a mental
health condition associated with deficits in social communication and engagement with others,
demonstrate particularly low baseline cardiac vagal tone compared to healthy controls (Ming,
Julu, Brimacombe, Connor, & Daniels, 2005; Porges, 2007). On the other end of the spectrum,
individuals who show high risk for mania, which is characterized by the extreme experience of
positive emotion and a heightened sense of connection with others, exhibit very high baseline
HRYV (Gruber, Johnson, Oveis & Keltner, 2008). In a sample of healthy children baseline RSA
correlated with ratings of children’s social engagement and competence by their teachers
(Eisenberg et al., 1995). Similarly, adults with higher resting RSA reported greater social
connectedness to others at the beginning of a nine-week study, and increases in reports of social
connectedness over the course of study correlated with increases in resting RSA, controlling for
RSA at the beginning of the study (Kok & Fredrickson, 2010). Vagal tone predicts greater higher
scores on social components of personality such as extraversion and agreeableness (Oveis, et al.,
2009) and is associated with perceptions of greater prosociality by others (Kogan & Oveis, et al.,
2013). In situations where participants were given the chance to rate how trustworthy others
were after watching videos of them, a curvilinear relationship emerged whereby targets with
higher vagal activity, although not extremely high levels, were rated as more trustworthy and
chosen more often as partners in a future task requiring trust and cooperation. Dysregulation of
the vagus nerve may be associated with unhealthily low levels of social engagement, which may
in part account for the health problems associated with social isolation (Knox & Uvnés-Moberg,
1998).

Vagal activity may be particularly critical in facilitating social engagement during
negative contexts, allowing individuals to actively cope or down-regulate negative affect and
promoting perceptions of safety. Empirical work suggests higher vagal tone allows individuals to
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more effectively utilize social support in negative contexts and initiate socially supportive
behaviors directed toward others. Participant’s resting RSA was associated with greater self-
reported use of socially engaged coping styles such as social support seeking during negative
situations and was associated with social acceptance and social integration (Geisler, Kubiak,
Siewart, & Weber, 2013). In a follow-up study, a 28-day assessment with random experience
sampling revealed that participants’ resting RSA positively predicted the use of social support
seeking, and negatively predicted the use of more socially disengaged strategies such as
accepting the negative event or avoiding it. In a laboratory study individuals with strong RSA
reactivity to a elicitor, designated as high in vagal regulatory control, subsequently showed
reduced stress-related sympathetic system activation, when social support was made available in
the form of an encouraging and supportive experimenter compared to a non-supportive
experimenter (Wolff, Wadsworth, Wilhelm, & Mauss, 2012). These findings are in keeping with
a study by Schwerdtfeger and Schlagert (2011), who found an interaction between perceptions of
available support and the presence of a familiar (support condition) or unfamiliar figure (no
support condition) in predicting HRV during a stressful public speech task. Participants high in
perceived available support showed greater HRV and lower HR during the stressful task when
they were in the support condition compared to the no support condition, whereas there were no
effects of condition for those low on perceived available social support. These results suggest
that the perceived availability of social support engages the vagal system promoting a reduced
cardiovascular response to stress. As further evidence of this claim, participants who imagined
receiving social support from another person experienced increased vagal activity compared to a
baseline, but only if they had a more secure attachment style (Rockliff, Gilbert, McEwan,
Lightman & Glover, 2008).

Vagal tone may also interact with attachment systems to reinforce social support giving.
In discussions between mothers and adolescents about positive and negative topics, adolescent’s
with high resting RSA and low attachment anxiety demonstrated the greatest empathic
responsiveness, measured as accuracy of detecting their mothers’ emotions and concordance of
the adolescents’ and mothers’ emotions. Indirect evidence can also be found from a study with
oxytocin. Fathers who were administered oxytocin intra-nasally, compared to a placebo, had
increases in RSA during play with their 5-month olds accompanied by increased touch, positive
vocalizations directed at the infant, and latency to the first initiation of social gaze (Weisman,
Zaoory-Sharon, & Feldman, 2012). These findings suggest vagal activation may facilitate social
behavior towards others, especially supportive and caretaking behavior.

Porges’ main argument that the vagus nerve represents a physiological substrate of social
behavior generates predictions about its role in the experience of compassion. Compassion is
defined as feeling concern for the suffering of another person coupled with the desire to alleviate
that suffering (Batson, Duncan, Ackerman, Buckley & Birch, 1981; Eisenberg & Miller, 1987;
Goetz, Simon-Thomas, & Keltner, 2010). Compassion is characterized by many of the same
behaviors that the vagus nerve is thought to facilitate, such as increased social communication,
social engagement behaviors, especially in a negative context where others are suffering, and
social support giving. Compassion increases social communication such as facial expressions,
nodding, gaze sharing, and social contact through touch (Goetz, et al., 2010), which originate in
brain regions that are linked to the vagus nerve. Compassion leads to temporary increases in
perceptions of similarity, closeness, and a power social connection to the sufferer (Campos et al.,
2009; Oveis, et al., 2010). Finally, compassion also encourages caretaking and supportive



behaviors aimed at soothing another’s suffering (Batson, Duncan, Ackerman, Buckley, & Birch,
1981).

In light of this conceptual analysis, I propose that compassion will be associated with
activation in the vagus nerve. Such compassion-related vagus nerve activation, I reason, will
enable individuals to down regulate their negative response to another’s suffering and engage
socially with the sufferer, resulting in caretaking or socially supportive behaviors. Unlike,
empathic distress in response to suffering, which motivates individuals to distance and become
more self-focused, compassion promotes approach motivations and a greater other-focus
(Eisenberg et al., 1989). Empathic distress is thought to represent an inability to cope with the
suffering of another and may index a lack of resources to relieve that individual’s suffering
(Hoffman, 1981). Empathic distress activates the sympathetic system (i.e. increases in skin
conductance) and hinders the experience of compassion by promoting competing motivations to
escape the stressful situation (Batson, 1991). As a result, I hypothesize that the experience of
compassion in response to suffering would be associated with increases in vagal activation.

A handful of studies on vagal tone suggest a potential link between compassion and vagal
reactivity or greater vagal activation. In a longitudinal study measures of vagal tone correlated
with trait measures of Agreeableness, a facet of personality associated with a tendency to be
compassionate and cooperative (Oveis, et al., 2009). In studies with children baseline RSA
predicted dispositional levels of sympathy and self-reports of sympathy in response to a film
about another child in distress (Fabes, Eisenberg & Eisenbud, 1993). Eisenberg and colleagues
(1996) found that children in third through sixth grade tended to nominate boys in their class
with high baseline RSA as the most prosocial, though this effect did not generalize to girls. The
vagus nerve has a primarily inhibitory role on the heart (Berntson, et al. 1993). Situations where
individuals are suffering or in need reliably elicit heart rate deceleration in others (Eisenberg, et
al, 1993, Stellar, Manzo, Kraus, & Keltner, 2011). Eisenberg and colleagues (e.g., 1991) have
documented that compassion at the subjective and expressive level covaries with heart rate
deceleration. Participants induced to feel compassion show decreases in heart rate from neutral
state inductions, and the magnitude of the physiological response distinguishes between those
who reported more or less compassion (Stellar, et al., 2011). Although this evidence must be
interpreted carefully as the heart is innervated by both the parasympathetic and sympathetic
systems, heart rate deceleration during compassion is a promising indicator of increased vagal
activation.

The Specificity of Vagus Nerve Activation to Compassion

In the present research I study vagus nerve activation as it relates to a distinct emotion,
compassion. Past work has been fruitful in linking emotions to changes in autonomic physiology
(Ekman & Levenson, 1983), though the evidence that distinct emotions are marked by specific
and unique patterns of autonomic physiology is mixed (Cacioppo, Berntson, Larsen, Poehlmann,
& Ito, 2000). Emotions are defined by specific criteria: they are rapid in onset and brief in
duration, involuntary, and centered around particular appraisals (Ekman, 1992). In the following
studies I structure our methodology to meet these criteria so that I can ensure vagal activation is
tied to the emotional experience of compassion. I measure RSA during the presentation of
emotion-eliciting stimuli, rather than during a baseline or affectively laden task, that is not
designed to elicit a specific emotion (e.g. public speaking task). I also present our stimuli for



short periods, from two to four minutes on average, in order to capture the rapid onset and brief
duration of the typical emotional experience.

Importantly, I include stringent controls to ensure that changes in vagus nerve activation
are not due to a broader dimension of emotional experience (e.g. valence) or closely related
positive emotions (e.g., inspiration). Negative emotions are associated with vagal withdrawal,
therefore one might expect positive emotions to be associated with vagal activation. At the tonic
level, past work has demonstrated that greater resting RSA is associated with greater positive
mood and dispositional optimism (Ovesis, et al., 2009). However, in general research does not
provide a clear picture of the effect that positive emotions have on vagal reactivity. Some studies
find reductions in RSA in response to positive film clips (e.g. Frazer et al., 2004), whereas others
find slight increases or no changes in RSA (e.g. Demaree, Pu, Robinson, Schmeichel, &
Everhart, 2006). To more precisely characterize the relationship between vagal reactivity and
positive emotion, I compare compassion to another positive emotion, pride. Pride falls within the
same dimension of positive valence, but varies on its core appraisals and motivations.
Compassion is characterized by appraisals of need, vulnerability, and weakness and promotes
motivations to approach and care for others. Pride is a self-focused emotion, elicited when
individuals feel responsible for a positive outcome; pride promotes a desire to distance oneself
from weak others and feelings of dissimilarity from them (Oveis, Horberg, & Keltner, 2009). I
predict that the experience of compassion, which promotes social engagement will promote
greater vagal activation, whereas pride, which promotes social disengagement, will not.

To test the alternative hypothesis that vagal reactivity occurs during many prosocial
emotions, and not just compassion, I compare compassion to inspiration. Although inspiration
elicits warmth and tenderness, like compassion, it lacks appraisals of suffering. The vagus nerve
appears to promote social engagement particularly in negative contexts, such as the suffering of
others, which motivates coping to reduce negative affect, social engagement, and supportive
behaviors. Comparing RSA during the experience of compassion to inspiration allows isolate
suffering allows us to demonstrate the unique relationship between compassion and vagal
activation and rule out the possibility that this relationship results from feelings of warmth and
tenderness or inspiration. Overall, our study is the first to assess RSA during the experience of
compassion and does so in manner that is in keeping with an affective approach to discrete
emotions. In our studies measurement periods of RSA are brief, stimulus-tied, and properly
controlled to isolate the unique effects of compassion as a discrete emotion with specific
appraisals and motivations.

Present research

In Study 1 I tested whether RSA was greater in response to compassion-eliciting stimuli.
I aimed, in Study 2, to eliminate the alternative explanation that increased RSA activity is
associated with positive emotions more generally by comparing compassion to pride. In Study 3
I tested whether prosocial emotions were associated with greater RSA, by measuring RSA in
response to compassion- and inspiration-inducing film clips. I hypothesize that appraisals of
suffering are critical to greater vagal activation. As a result, I predicted that compassion would
promote greater increases in RSA than inspiration. Across the first three studies I assessed the
relationship between retrospective self-reports of compassion and RSA during the compassion
induction. In Study 4, I examined whether vagal activity was associated with a group of
compassion-related emotion words, continuous self-report measures of compassion during the
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compassion induction, coded perceptions of compassion, behaviors and self-reports of cognitions
associated with compassion. In the following studies I also explored whether individual
differences in prosocial inclinations interacted with RSA reactivity during the compassion
inducing stimuli to predict self-reports of compassion.

Study 1

Study 1 aimed to demonstrate that compassion-inducing stimuli elicit greater RSA
activity than a non-emotional control and that RSA activity during the compassion induction
correlated with self-reports of compassion. Self-reports of compassion are likely to be influenced
by social desirability concerns that could obscure the relationship between the experience of
compassion and vagal activation. Therefore, I measured and controlled for individual differences
in social desirability. I also explored whether vagal reactivity interacted with individual
differences in prosociality to predict self-reported compassion.

Methods
Participants

Fifty-three (21 male, 32 female) undergraduates from a large west coast university
participated in this study for credit in a psychology course.

Procedure

Participants arrived in the lab one at a time and were brought into an experiment room.
Sensors were applied to the skin in a Lead II configuration to gather Electrocardiogram (ECG)
and a belt was place on the torso to assess respiration frequency, which connected to the MP 150
data acquisition and analysis systems (Biopac systems, Inc.). Participants were given fifteen
minutes fill out demographics and individual differences measures such as the Social Values
Orientation, a measure of prosocial inclinations, and a Social Desirability measure. This time
also allowed participants to acclimatize to wearing the physiological recording devices.

For our compassion induction participants watched a four-minute long video of a female
student discussing the death of her grandfather. Participants were told the target in the video was
a participant from a previous study, but in reality she was a confederate who had memorized a
script created by the experimenter. The discussion focused on her grief and how she coped with
the news of learning of his death. In addition to compassion, participants were asked how much
they felt 14 other emotions after the compassion video (afraid/scared, angry, annoyed/irritated,
anxious, contempt/disdain, enthusiastic/excited, disgusted/revolted, happy/joyful,
inspired/impressed, relaxed/comfortable, sad, surprised/shocked, trust, warmth/tenderness) on a
10-point Likert scale from 1 (not at all) to 10 (4s much as I have ever felt). After a few filler
tasks participants then watched another four minute long video of that student recounting a
nature documentary, which was also created by the experimenter and acted as the neutral
comparison condition.

Physiological Measures.



Heart Rate. Electrocardiogram (ECG) recordings were sampled at 1 kHz and were
gathered over the entire four minutes of the emotion induction. ECG signals were converted to
beats per minute to obtain heart rate and aggregated to form mean heart rate scores for the entire
four minutes and the initial minute and a half of the stimuli introduction. Artifacts in the signal
(e.g. due to coughing, sneezing or movement) were corrected manually; this was done to less
than 5% of all data files.

Respiration. Respiration signals were filtered directly as they were recorded with a low
pass filter of 1 Hz and high pass filter of .05 Hz. A continuous measure of respiration rate was
then obtained by transforming the data through the Biopac data acquisition program to breaths
per minute. Respiration rate was then aggregated to form means over the four minutes and initial
minute and a half of each video.

Vagal Activity. Vagal Activity was calculated using the analysis package in Biopac,
which produces measures of Respiratory Sinus Arrhythmia (RSA), by scanning the ECG channel
for the minimum and maximum RR intervals over during each respiration cycle. The average
data was aggregated to form a mean over the four minutes and the initial minute and a half of the
stimulus presentation.

Individual Difference Measures

Social Values Orientation. The Social Values Orientation Scale (SVO; Van Lange,
1999) assesses stable preferences egoism or altruism. It provides nine scenarios that ask
participants to divide arbitrary points between themselves and another hypothetical person.
Egoists are characterized by a preference for resource distributions that maximizes their own
payoff (e.g. 540 points for the self, 280 points for the other), competitors are characterized by a
preference for maximizing the relative payoff between themselves and other (e.g. 480 points for
the self, 80 points for the other), and prosocials are characterized by a preference for maximizing
the total payoff to themselves and others (e.g. 480 points for the self, 480 points for the other).

Social Desirability. The Marlow and Crowne Social Desirability Scale (Crowne &
Marlow, 1960) is a 33-item scale where participants respond either true or false, to statements
such as, I have never deliberately said something that hurt someone’s feelings or there have been
times when I was quite jealous of the good fortune of others. The scale assesses how willing
participants are to answer these questions truthfully or whether they will lie in an effort to
manage their self-presentation. As a result participants are given a total score of how susceptible
they are to social desirability concerns.

Results and Discussion

To ensure that our compassion stimuli reliably elicited our target emotion I analyzed
subjective reports of participants’ emotions. Participants exhibited high levels of compassion in
response to the student coping with the death of her grandfather (M = 7.19, SD = 1.63).
Participants reported significantly more compassion than the next two most highly elicited
emotions, sadness, (M = 6.23, SD =2.34), ¢t (52) =4.27, p < .001, and warmth/tenderness, (M =
5.23, 8D =2.42), #(52) = 7.66, p < .001, which were the only two emotions with average self-
reports greater than five.

Physiological Reactions. A repeated measures analysis revealed that participants
exhibited a significant increase in RSA activity during the compassion condition (M =80.95, SD
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= 35.58) compared to the neutral condition (M =73.35, SD =32.42), F(1,52) =4.04, p = .05.
Emotions are rapid in onset and brief in duration (Ekman, 1992). Therefore, I also examined the
first minute and a half of RSA (the shortest acceptable duration to analyze RSA; Berntson, et al.,
1993) because I anticipated participant’s reactions to the compassion induction would be the
strongest upon initially encountering the target’s suffering. I found our effects were amplified
when I examined this initial 1.5 minutes. RSA was significantly higher in the compassion
condition (M =84.38, SD = 35.24), than the neutral condition (M =75.16, SD = 36.23), F(1, 52) =
5.44, p = .02. Compassion inducing stimuli elicited greater RSA activity than a neutral condition,
and these effects were more pronounced in the initial stages of the stimulus presentation.

I also assessed respiration as a control (Denver & Porges, 2007; Grossman & Taylor,
2007). I found a decrease in respiration rate over the entire four minutes of the compassion
video (M =18.30, SD = 4.63) compared to the neutral condition (M =19.06, SD = 3.84), #(52) =
2.62, p = 01. Controlling for respiration reduced the significance of our changes in RSA over the
entire four minutes, F(1, 51) = 1.93, p = .17. However, respiration rate was not significantly
different over the initial 1.5 minutes of the video presentation between the compassion (M
=18.28, SD = 4.87) and neutral condition (M =19.07, SD = 3.84), #(52) = 1.23, ns. Therefore, it
should not be necessary to control for respiration, but when it was entered as a covariate the
differences in RSA between the two conditions in the first 1.5 minutes remained significant, F(1,
51)=4.10, p = .048. I also explored whether the compassion induction elicited heart rate
deceleration, which often accompanies compassionate responses (Stellar, et al., 2012). I did not
find significant changes in heart rate in the compassion (M =78.72, SD = 8.94) condition
compared to the neutral condition (M =78.01, SD = 8.56), F(1, 52) =2.73, p =.11. Overall, I
found a pattern of greater activation in response to compassion eliciting situations compared to a
control. As I predicted, these effects were more pronounced in the first minute and a half of the
video where individuals first encountered the suffering. Controlling for respiration did reduce the
significance of our effects for RSA over the entire four minutes of the video, but not for RSA
activation for the first minute and a half. Surprisingly, I did not find heart rate deceleration that is
typical during the presentation of compassion stimuli.

I also wanted to know whether increases in RSA activity during the compassion clip
would predict self-reports of the experience of compassion. I found no significant correlations
between any of our self-reported emotions, including compassion, and RSA during the
compassion video over the entire four minutes, controlling for respiration), nor the first 1.5
minutes, 7’s < |.20|, ns. The one exception was disgust, which was significantly negatively
correlated with RSA over the four minutes of the video, = .-39, p =.004. Controlling for
participant’s scores on our measure of social desirability did not improve the significance of any
of these correlations, r’s <|.19], ns.

Interactions between physiology and individual differences. I found that vagal activity
in response to the compassion-eliciting video interacted with our measure of prosociality to
predict self-reported compassion, f =.32, p = .02 (see figure 1). Prosociality predicted
compassionate responding for those high in vagal reactivity, B = .96, #(48) =3.26, p = .002, but
not for those low in vagal reactivity, B =-.05, #(48) =.02, ns. As a result those with less egoistic
tendencies who had high vagal reactivity responded with less compassion than with low vagal
reactivity, B =-.83, #(48) =2.35, p = .02.

Study 2
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Although Study 1 provided initial support that compassion in response to suffering elicits
greater vagal activation, Study 2 attempts to demonstrate this effect is specific to compassion and
not part of a more general effect of positive emotion, by comparing compassion to pride.
Compassion and pride vary on an important appraisal domain of self- versus other-focus that I
believe is critical for vagal activation. Pride centers on appraisals of one’s own strength and
exceptionalism, which creates social distance between the self and others, whereas compassion
focuses on appraisals of the vulnerability of others and creates perceptions of similarity (Oveis,
et al. 2009). I use slides to elicit our target emotions to ensure our effects will generalize to other
forms of emotionally-evocative stimuli. I hypothesize that compassion will elicit greater RSA
activity compared to pride.

Methods
Participants

Seventy-eight (19 male, 59 female) undergraduates participated in this study for credit in
a psychology course.

Procedure

Participants arrived in the lab one at a time and were brought into an experiment room.
Electrocardiogram (ECG) recordings from an Ambulatory Monitoring System (VU-AMS, The
Netherlands) were gathered by applying sensors to the skin in a Lead II configuration.
Participants were shown sets of slides that elicited compassion and pride while connected to the
physiological device. Each set of slides was 1.5 minutes in duration and the order of presentation
of the compassion and pride slides were randomized. Compassion slides included photographs of
individuals who were suffering, (starving children, homeless individuals, injured animals, crying
babies, etc.) whereas pride slides included photographs of the student’s university and of national
symbols. After watching each set of slides participants reported their compassion and pride along
with six other emotions (anger, awe, enthusiasm/excitement, fear, sadness, and surprise) on a
Likert scale of how much they experienced the emotions ranging from 0 (not at all) to 10 (4s
much as I have ever felf).

Physiological Measures.

Heart Rate. Recordings were sampled at 1 kHz and were gathered over the entire 1.5
minutes of the emotion induction. Artifacts in the signal (e.g. due to coughing, sneezing or
movement) were corrected manually; this was done to less than 5% of all data files.

Vagal Activity. Vagal activity was indexed by high frequency heart rate variability
(HRV), which was assessed by using cardiac metric software (CMET; Allen, Chambers, &
Towers, 2007). RR intervals from the ECG channel over the 1.5 minutes of each induction were
passed through a high frequency spectrum range (.12-.40Hz) to isolate the activity of the vagus
nerve. These values are logged and therefore fall between one and ten.

Results and Discussion
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First, I aimed to establish that our emotion manipulations elicited the target emotions of
interest. Participants reported significantly higher levels of compassion towards the compassion
eliciting slides (M = 6.31, SD = 1.83) than the pride slides (M =2.09, SD = 2.13), «(76)= 13.04, p
<.001. In addition, the pride slides evoked significantly more pride (M = 5.38, SD = 2.52) than
the compassion slides (M = 0.55, SD = 1.09), #(76)= 11.19, p < .001 (see figure 2).

Physiological Reactions. In an examination of our main variable of interest, participants
showed greater high frequency HRV activity while watching the compassion-inducing slides (M
=6.22, SD = 1.05) compared to the pride inducing slides (M = 6.05, SD = 1.02), «77)=2.12, p
=.04. In addition, participants showed decreases in heart rate while watching the compassion-
inducing slides (M =77.72, SD = 10.96) compared to the pride-inducing slides (M =80.99, SD =
11.60), #(77)=5.65, p <.001. As in Study 1, there were no significant correlations between high
frequency HRV and self-reported emotions, »’s < .12, ns. Overall, I find that the experience of
compassion elicits greater high frequency HRV activity and decreases in heart rate compared to
the experience of pride.

Study 3

Theoretical and empirical work have suggested the vagus nerve facilitates social
engagement behavior during negative contexts in an effort to cope in these situations and
promotes support-giving behavior. In Study 3 I attempt to identify whether these processes are a
critical components to vagal activation by comparing RSA activity during the experience of
compassion to another socially engaging emotion that lacks these qualities, inspiration.
Comparing RSA during compassion and inspiration also allows us to control for other prosocial
responses such as warmth and tenderness and inspiration that are often also elicited during the
experience of compassion, allowing us to isolate the unique influence of compassion.

I also collected an additional physiological measure, skin conductance level (SCL). SCL
has been shown to index emotional arousal (Cuthbert, Bradley, & Lang, 1996), stress (Dawson,
Schell, & Filion, 2000), and perceptions of threat (Mathews, Richards, & Eysenck, 1989). I had
two reasons for including this measure. First, SCL is a purely sympathetic measure and will
allow us to monitor sympathetic system arousal during our compassion inductions. Second,
including SCL allows us to distinguish whether participants are feeling empathic distress versus
compassion, both of which can occur when others are witnessed suffering (Batson, Fultz &
Schoenrade 1987). Eisenberg and colleagues (1991) documented that a distressing film clip of
another person in danger evoked greater SCL than a sympathy film clip (Eisenberg et al., 1991).
In response to others’ suffering, increases in SCL while listening to stories of another child in
need were associated with greater feelings of distress, measured through expressions of distress,
and with less prosocial responses, such as later helpful behavior towards the child in need
(Fabes, et al., 1994). Employing skin conductance as an additional measure allows us solidify
our claim that compassion is associated with increased activation of the parasympathetic system
and ensure that our film clip is not evoking physiological responses associated with personal
distress. I predict there will be changes in RSA during the film clip, but not in SCL. I also
explore how individual differences in emotional empathy interact with vagal reactivity to predict
self-reported compassion.

Methods
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Participants

Seventy-four (33 male, 41 female) undergraduates participated in this study for credit in a
psychology course.

Procedure

Participants arrived in the lab individually and were seated in front of a computer.
Electrocardiogram (ECG) sensors were applied in a Lead II configuration, a respiration belt was
placed on the participant’s torso to measure the rate of inhalation and exhalation, and skin
conductance was measured by passing a constant voltage (0.5 V) between disposable snap
electrodes that were pre-gelled with isotonic gel and placed on the palmar surface approximately
an inch apart. Participants filled out demographics information on the computer as well as an
individual difference measure assessing trait emotional empathy using the interpersonal
reactivity index (IRI; Davis, 1983).

Participants watched three two-minute long videos, which were meant to elicit
compassion versus inspiration or a non-emotional control. These videos were presented in
random order. As part of the compassion induction, participants were shown a video of children
and their families who attend St. Jude’s hospital where their children were receiving treatment
for cancer. This video primarily covered footage of the parents discussing when they learned
their child had cancer, the chemotherapy sessions that the children attended, and the outcomes of
the cancer treatment. This compassion induction has been validated to successfully elicit
compassion (Stellar, Manzo, Kraus, and Keltner, 2011). In inspiration video, participants were
shown a video of a man carrying a sign saying free hugs and giving hugs to strangers on the
street set to inspirational music, which elicited high levels of inspiration in participants (see the
second column of Table 1 for most highly rated emotions). The neutral condition consisted of an
instructional video on how to build a fence. In addition to compassion, participants were asked to
list how much they experienced the same emotions as Study 1 from 1 (not at all) to 10 (4s much
as I have ever felt) after each video.

Individual Difference Measures.

The Interpersonal Reactivity Index. The Interpersonal Reactivity Index (IRI) is a 28-
item questionnaire, which is broken into four subscales, two of which assess emotional responses
to suffering—empathic concern, which is often equated to compassion or personal distress,
which represents how stressed or upset they become at witnessing the suffering of others. I
focused on the empathic concern, or compassion subscale which asks participants their
agreement on a 5-point Likert scale ranging from Does not describe me well to Describes me
very well to statements like when [ see someone being taken advantage of, I feel kind of
protective towards them and I would describe myself as a pretty soft-hearted person.

Physiological Measures.

Heart rate, respiration and RSA measures were gathered and cleaned for artifacts using
the same methods as Study 1. In this study measures were gathered over the entire length of the
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emotion induction. In addition, continuous measures of unfiltered SCL signals were averaged
over the entire two minutes of each video.

Results and Discussion

Subjective Emotion. There were significant differences in self-reports of compassion in
response to the different conditions, F(2,142) = 225.10, p <.001, such that participants showed
higher reports of compassion during the compassion condition (M =7.04, SD = 2.04) compared
to the neutral condition (M =1.35, SD = 1.33), F(1,71) =469.22, p <.001, and the inspiration
condition, (M =4.90, SD =2.51), F(1, 72) = 65.11, p <.001. However, other prosocial emotions
such as warmth/tenderness, inspiration, and trust, which provided potential explanatory power
for vagal activation were more strongly elicited in the inspiration condition (see Table 1).

Physiological Reactions. A repeated measures analysis revealed significant differences
in RSA activity in response to the compassion (M =83.99, SD = 31.61), neutral (M =79.17, SD
=29.63), and inspiration conditions (M =74.09, SD = 27.16), F(2,138) = 8.27, p <.001.
Participants showed greater RSA in the compassion condition compared to the neutral, F(1,71) =
5.44, p = .02, and inspiration conditions, F(1,70) = 18.72, p < .001. There were no significant
differences in respiration between the compassion (M =18.21, SD = 3.45), neutral (M =19.06, SD
= 5.03) and inspiration conditions (M =19.24, SD =3.46), F(2,130) = 1.46, ns, therefore I do not
correct for respiration in our analyses. There were also differences in heart rate across the three
conditions, F(2, 138) =24.05, p <.001. In the compassion condition (M =73.42, SD = 9.41)
participants showed significantly slower heart rate compared to the neutral condition (M =75.71,
SD =9.85), F(1,71) =41.73, p <.001, and inspiration condition (M =74.83, SD =9.43), F(1,70) =
20.67, p <.001. Participants showed greater RSA, and lower HR in the compassion condition
compared to the neutral or inspiration condition, but not differences in SCL or respiration. These
analyses suggest that the compassion may be associated with greater RSA because it elicits
social engagement in a negative context and motivates care-taking and socially supportive
behaviors, unlike the inspiration clip.

RSA activity during the compassion video, controlling for resting RSA, did not
significantly correlate with participants’ self reports of any emotions, r’s <|.23|, ns, including
compassion. SCL during the compassion video, controlling for SCL during the neutral video,
negatively correlated with self-reports of feeling disgust, » = -.34, p = .004, anger, r = -.30, p =
.01, and annoyed r = -.32, p = .006, but not with any other emotions, r’s <|.23|, ns. Adding SCL
as a control variable in our analyses did not increase the strength of our correlations between
RSA during the compassion video and self-reports of emotions.

Interactions between physiology and individual differences. Vagal reactivity in
response to suffering interacted with individual differences in emotional empathy to predict self-
reported compassion, f =.23, p =.03 (see figure 2). Individuals who showed high levels of vagal
activity in response to suffering and scored high on emotional empathy reported marginally
greater compassion compared to individuals with low vagal reactivity who were high on
emotional empathy, B =.78, #(66) = 1.78, p = .079. In addition, among both groups emotional
empathy predicted greater self-reported compassion, although it was more predictive for those
who exhibited higher vagal reactivity to suffering B = 1.59, #(66) =4.77, p <.001, than those with
low vagal reactivity, B = .59, #(66) =1.96, p =.05. These findings suggest that strong vagal
activation in conjunction with prosocial inclinations promotes greater self-reports of compassion.
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SCL did not interact with the IRI to predict self-reports of compassion, f =.23, ns, nor was SCL
during the compassion video predicted by the interaction of RSA and IRI, S =.05, ns.

Study 4

Three studies have demonstrated that compassion-inducing stimuli are associated with
greater RSA activity. However, the previous studies have been unable to demonstrate a robust
relationship between RSA activity and participant’s self-reports of compassion. Therefore, Study
4 attempts to demonstrate this link by using multiple methods to assess compassion as well as
compassion-related cognitions and behavioral intentions. A lack of coherence between
retrospective self-reports of subjective emotion and peripheral physiological response is common
(Bonanno & Keltner, 2004; see Mauss, Levenson, McCarter, Wilhelm, & Gross, 2005 for a
review). Emotion reports collected after a stimulus presentation may not provide a fully accurate
representation of the experience of an emotion. Fredrickson and Kahneman (1993) argue that
retrospective reports of emotional situations suffer from biases such as duration neglect and are
often derived from averaging the peak and end emotional intensity of the experience. These
biases may be particularly problematic when attempting to establish a relationship to
contemporaneous physiological responses. Therefore, in light of these concerns, in Study 4 I
included other measures to avoid the biases inherent in retrospective emotion reporting. First, in
addition to having participants report their levels of compassion after watching the video, I also
included other compassion-related words drawn from Batson and colleagues (1995) empirical
work measuring a similar construct—empathic concern. This composite aims to capture the
broader construct of compassion and avoid the pitfalls of a single-item measure. Second, I
collected online continuous measures of participant’s compassion, relying on a technique
pioneered by Levenson and Gottman (1983) where participants review an emotional stimulus
while continuously rating their emotions. This method countervails biases in retrospective
emotion reporting because emotional experience is assessed online. Third, trained coders rated
their perceptions of participant’s compassion while participants watched the compassion-
inducing video and discussed it. Measures of observed compassion remove the social-desirability
biases common in self-reports. Fourth, I gathered behavioral measures that assess more implicit
levels of social engagement and prosocial behavior. These measures may be more strongly
linked to physiological changes because the implicit measures are less controlled processes, and
therefore less susceptible to social desirability concerns and impression management. Sixth, I
measured cognitions that have been theorized (Goetz, et al., 2010) to be important for the
experience of compassion in order to investigate whether changes in physiology may be more
directly linked to these mechanisms than to compassion directly. Overall, these additional
measures reduce the influence of traditional biases associated with socially desirable,
retrospective single-item measures.

Participants
Ninety-four participants (26 male, 68 female) undergraduates participated in this study
for credit in a psychology course. Five participants were produced physiology files with too

many errors to use and were removed from all analyses leaving a total sample of 89 participants

Procedure
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Participants arrived in the lab individually and were seated at a computer station in front
of a mounted video camera. They were connected to the MP 150 data acquisition and analysis
systems (Biopac systems, Inc.) through sensors applied to their skin in the same configuration as
Study 3. Participants filled out demographics information on the computer as well as an
individual difference measure assessing trait compassion using the Dispositional Positive
Emotion Scale (Shiota, Keltner & John, 2006) and the Interpersonal Reactivity Index (Davis,
1983) as well as their altruistic orientation using the NEO Personality Inventory (Costa &
McCrae, 1985) and Social Values Orientation (Van Lange, 1999).

Participants first watched a neutral film clip followed immediately by a compassion-
inducing clip. These clips were the same as those used in Study 3. After the compassion-
inducing video participants reported how much they felt the target emotion of compassion in
addition to three other compassion-related states, including moved, warmth/tenderness, and
softhearted from 1 (not at all) to 10 (4s much as I have ever felf). These emotions were
embedded within ten other emotions including afraid, annoyed, angry, anxious, awe, contempt,
disgust, inspired, sad, and wonder. Afterward participants responded to a variety of statements
that assessed participants’ thoughts and views of the sufferer (see measures for statements).

The experimenter asked participants to summarize the video clip and discuss their
reaction to it out loud, while the experimenter waited outside. Participants were given as much
time as they wished to complete this activity. Participants were then given the opportunity to
type any comments to the children at St. Jude's Hospital in an open ended response. They were
told the comments would be collected at the end of the study and sent to the children. They were
able to write as much as they wanted before moving on to the next activity.

The experimenter told participants they would be watching the same compassion-
inducing video a second time, but that they would continuously report how much compassion
they felt during their original viewing using a hand held sliding scale. Participants were asked to
re-watch the video while making ratings of their compassion. I did not ask participants to make
these rating the first time they watched the video because I wanted to avoid participant moving
during collection of physiological data during the first video viewing, which creates artifacts in
the physiological signals. In addition, making continuous ratings of compassion may have
interfered with participant’s spontaneous response to the emotional stimulus in the first viewing.
Participants used a sliding scale device (TSD115 Variable Assessment Transducer by Biopac
Systems), which provides continuous subjective responses to stimuli. The labels on the device
were modified to range from that ranged from 1 (I do not feel compassion at all) to 10 (I feel
compassion very strongly). Once participants reported they were comfortable using the scale
without looking at it they placed it in their lap and watched the video, moving the scale in
accordance with their levels of compassion. After re-watching this video participants were told
they were done with the study, but were asked by the electronic survey if they would like to be
redirected to the St. Jude’s hospital webpage to learn more about the organization or see ways to
help. Once they were done they called the experimenter back into the room and they were
debriefed and released.

Individual Difference and Survey Measures.

Compassion. The Dispositional Positive Emotion Scale (DPES) is a validated self-report
measure of the trait-like tendency to feel several distinct positive emotions including joy,
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contentment, pride, love, compassion, amusement, and awe (Shiota, Keltner & John, 2006;
Stellar, et al. 2012). The compassion portion of this scale asks for individuals’ agreement with
five items ranging from / (strongly disagree) to 7 (strongly agree). Example statements include: I
am a very compassionate person and When [ see someone hurt or in need, I feel a powerful urge
to take care of them. Participants also completed the empathic concern subscale of the
Interpersonal Reactivity Index, which is described in Study 3.

Altruism. The NEO Personality Inventory (Costa & McCrae, 1985) assesses 5 facets of
personality. The altruism subscale of the NEO is part of the larger Agreeableness facet of
personality and gauges an individual’s concern for the welfare of others. Participants are asked
their agreement from 1 (Strongly Disagree) to 5 (Strongly Agree) to five statements such as /
love to help others and I am concerned about others. Participants also completed the Social
Values Orientation scale, which is described in Study 1.

Statements in response to film clip. Participants were asked their level of agreement
from 1 (Strongly Disagree) to 7 (Strongly Agree) to 13 statements that aimed to assess the
underlying mechanisms that explain why participants reported more or less compassion. These
statements targeted particular cognitions that may reduce compassionate responding based of the
theoretical work by Goetz and colleagues (2010). Statements targeted cognitions such that are
associated with apathy: I don't have the energy to get invested in the topic of this video and I see
all kinds of suffering around me and it is hard to care about everything, (a. = .68), feelings of
helplessness: There is nothing we can do to solve the problem of cancer, There is nothing I can
do to help these children, and I felt helpless while watching this video (0. = .55), a sense of being
overwhelmed by one’s emotions: This video was too intense for me, I feel as if this was
happening to me as I watched the video, and I was able to cope with my emotions while watching
this video (R; o =.71), and a lack of ability to perspective-take (It is hard to imagine how these
children are feeling). Other statements assessed mechanisms that may explain greater levels of
compassion such as perceptions of similarity (/ feel as if I share many of the values and interests
as these children), deservingness (These children deserve my help), responsibility (The children
in this video were not responsible for what was happening to them), and vulnerability (The
children in this video are vulnerable).

Physiological Measures.

Heart rate, respiration, skin conductance and RSA were gathered in the same manner as
Study 3. Continuous recordings of these measures were averaged over the entire length of the
neutral and compassion film clips.

Coded Measures.

Two independent coders watched videos of the participants watching the compassion
clip. The camera was oriented so that the videos of participants displayed their torso and head.
Raters were instructed to answer two questions, How much do you think this person felt
compassion/sympathy? and How much do you think this person felt anxiety/distress?, on 4-point
Likert scales, 0 (Not at all), / (A little), 2 (Moderately), or 3 (Very Strongly). Coders were
trained to look for facial and body expressions associated with compassion such as furrowing in
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the center of the brow, eyebrows pulled down flat and forward, lower face relaxed with the
mouth sometimes opened or frowning, head and body oriented forward and vocalizations
typically associated with sympathy (Eisenberg, et al., 1989). These expressions were in contrast
to those of distress, which may manifest in the tightening of one's lips or biting of the lip and
eyebrows that were lowered and pulled forward. Coders had a high reliably in their perceptions
of participant’s levels of compassion (a > .85) and distress (o > .82). After completing ratings
for all participants, coders went back through all the videos and rated the participant’s
compassion (o =.85) and anxiety (o = .66) again, while the participants discussed the film.

Results and Discussion

As in Study 3, participants reported high levels of compassion in response to the
compassion-inducing film clip (M =7.37, SD = 1.59). The compassion related states of
warmth/tenderness (M = 6.26, SD = 2.13), moved (M = 6.66, SD = 2.27), and softhearted (M =
6.38, SD = 2.35) were also elicited at high levels. These four emotions showed a strong
reliability (o= .87) and were aggregated into a compassion composite (M = 6.66, SD = 1.78) for
future analyses.

Physiological Reactions. One participant was removed from the analyses of RSA
because they had an RSA value during the compassion clip that was more than three standard
deviations from the mean and two participants were removed from the heart rate analyses for this
reason. A repeated measures analysis revealed significantly higher RSA activity in response to
the compassion video (M =94.97, SD = 48.17) compared to the neutral video (M =88.33, SD
=43.48), F(1, 87) =6.16, p = .015. There were significant differences in respiration between
conditions, F(1,87) =4.90, p =.029, with slower respiration in response to compassion video (M
=16.62, SD = 3.37) compared to the neutral video (M =17.11, SD = 3.28). Differences in vagal
activation remained marginally significant when controlling for changes in respiration, F(1,86) =
3.11, p =.081. There were also differences in heart rate across the conditions, F(1, 86) = 12.61, p
=.001. In the compassion condition (M =74.69, SD = 12.06) participants showed decreases in
heart rate compared to the neutral condition (M =75.80, SD =12.45). There were no significant
changes in SCL between the neutral (M =9.64, SD =5.93) and compassion conditions (M =9.94,
SD = 6.05), F(1, 88)=1.55, ns. Overall results suggest the compassion video was associated with
increased RSA and reduced HR and respiration, but not changes in SCL.

The following analyses examine the relationship between RSA activation during the
compassion clip and a variety of self-report, observed, cognitive, and behavioral measures. In all
analyses when reporting these associations I always control for RSA activation during the neutral
condition and changes in respiration.

Retrospective self-report measures. Like our past studies, RSA did not correlate
significantly with participants’ self reports of their compassion, » = .03, ns, but RSA was
marginally significantly correlated with our compassion composite of emotions, » = 0.18, p =.09.
SCL during the compassion video did not correlate with any self reports of emotions |r’s| < .13,
ns, controlling for SCL during the neutral video. Adding SCL as a control variable in our
analyses did not increase the strength of our correlations between RSA during the compassion
video and self-reports of emotions.

Continuous measures of compassion. Data from participants’ continuous rating of
compassion was aggregated over the entire film clip to create a mean continuous compassion
rating (M =6.37, SD = 1.56). There was a sizeable, though not extremely large, correlation
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between this continuous measure of compassion and the retrospective reports of at the end of the
clip, »=.53, p <.001. RSA during the compassion clip was significantly correlated with
participants mean continuous compassion rating, » =23, p = .041. These results suggest that RSA
is a predictor of the compassion as individuals are experiencing the emotion in the moment.

Coded measures of Compassion. Participants were given compassion and stress ratings
by coders while they watched and they discussed the video. RSA during the compassion film clip
were marginally correlated with coder ratings of compassion during the video, »=.18, p = .11,
and significantly correlated with perceptions of compassion while discussing it, » =.14=.22, p =
.055. Overall rated levels of compassion were calculated by averaging coders’ ratings of
participants’ compassion during the video and while discussing it. These ratings were
significantly correlated with RSA activity during the compassion induction, r =.23, p =. 038.
RSA and rated stress were not correlated during the video, » =.14, ns, while participants
discussed the video, » =.09, ns, nor a composite of the two, » =.13, ns. These results suggest that
RSA during the compassion video is associated participant’s perceived levels of compassion by
others, but not stress.

Behavioral Measures. I gathered prosocial behavioral measures that gauge the
participant’s level of social engagement with and responsiveness to the sufferer. The number of
seconds that participants discussed the compassion clip and their reaction to it (M = 68.73, SD
=30.84) was skewed to the right. Given this skewed distribution, a natural logarithmic
transformation was applied to normalize the data. RSA during the compassion clip did not
predict the amount of time participants chose to talk, » = -.05, ns. When given an option to write
to the children, the thirty-five participants chose to write nothing at all, receiving a word count of
zero, (M = 18.57, SD = 21.92). Therefore, in order to normalize the distribution I performed a
natural logarithmic transformation of the number of words after adding 0.5, an appropriate
practice when data contain a moderate proportion of zeros and the distribution is skewed (Fox,
2008). RSA during the compassion clip did not predict the number of words participants wrote to
the children of St. Jude’s, » = .08, ns. These results suggest that RSA during the compassion clip
was not associated with more implicit measures of engagement and connection to the victims.
Thirty-one participants chose to visit the St. Jude’s website at the end of the study. In a binary
logistic regression, RSA during the film clip was not a significant predictor of whether
participants chose to visit the St. Jude’s website, B=-.01, SE = 01, ns.

Cognitions. RSA during the compassion film clip was marginally positively correlated
with feeling emotionally overwhelmed and marginally positively correlated with perceptions that
children were not responsible for their suffering as well as feeling similar to the children in the
video (see Table 2 for specific correlations). These data do not support the claim that RSA
during the compassion clip was more strongly associated with particular cognitions that promote
compassion, rather than the experience of the emotion itself.

Interactions between physiology and individual differences. In a regression RSA
during the compassion clip did not interact with individual differences in empathic concern (IRI),
S =.04, ns, or dispositional compassion (DPES), g =-.15, ns, to predict self-reported compassion.
Similarly, there was no significant interaction between RSA during the compassion condition
and altruism as measured by the SVO, f =-.01, ns, or the NEO, £ =.03, ns. SCL did not interact
with any of these individual differences to predict self-reports of compassion, |’s| < .23, nor was
there any a pattern of significant interactions between RSA during the compassion condition and
these four individual difference measures in predicting SCL, |’s| <.11.'
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Overall, RSA during the compassion clip was significantly associated with compassion
using continuous online ratings, observed compassion, and marginally with a composite of
compassion-related terms. These results suggest that stronger relationships between
physiological and emotion can be obtained by using methods that minimize retrospective biases
and social desirability concerns.

General Discussion

Our findings support the theoretical claims of the Polyvagal Theory that the vagus nerve
may be a physiological system underlying social engagement behaviors. I demonstrate that the
vagus nerve is associated with an emotion at the core of social engagement, compassion. Across
four studies I find that compassion-inducing stimuli were associated with greater RSA activity. |
ruled out a crucial alternative explanation that the vagus nerve is associated with positive
emotions more generally by demonstrating greater increases in RSA activity during the
experience of compassion, a socially engaging emotion, than pride, a socially distancing
emotion. I also find greater RSA activity during compassion compared to another prosocial
emotion, inspiration. These results suggest that the presence of suffering, which may initiate
social engagement strategies and promote socially supportive behavior, is likely an active
ingredient of compassion associated with increases in RSA. Increased RSA in response to
suffering was also accompanied by HR deceleration and slower respiration rate in the majority of
our studies, but not by changes in SCL. In Study 4 increases in RSA during the compassion clip
were associated with higher self-reports of compassion when ratings are made online rather than
retrospectively and greater perceptions of compassion by observers.

Our work reveals that the emotional suffering of others leads to greater parasympathetic
activation (increases in RSA and decreases in HR and respiration), which is traditionally viewed
as a characteristic of resting states or calming of the body. Past psychological work has
suggested that the autonomic system is organized around responses to threats in the environment
(Cacioppo, 1994). This psychological dimension has dominated the discourse on autonomic
physiology, with a majority of studies assessing sympathetically mediated responses to stressors
in the environment (Blascovich, Mendes, Hunter, & Salomon, 1999; Lazarus, Speisman, &
Mordkoft, 1963; Obrist, 2007). Our work supports the theoretical accounts of Porges that an
outward focus and engagement with others may be another critical organizing principle of
autonomic physiology. These two dimensions, protecting the self and engaging with others are
not necessarily mutually exclusive, but appear to activate different branches of the autonomic
nervous system.

Increases in parasympathetic activation in response to suffering may be surprising
because one might predict an individual would exhibit a stress response to the inherently
negative situation of suffering. Indeed, recent work by Hein and colleagues (2011) has
demonstrated changes in the sympathetic system measured by SCL increases, in response to
witnessing others receive painful shocks predicted downstream prosocial behavior. However,
differences in the types of suffering may be responsible for these different physiological
responses. In the literature on empathy suffering often depicts others in physical pain, such as
receiving shocks or stabbing a needle through a person’s palm (Hein, et al., 2011; Singer, et al.,
2004). Physical harm to another person may lead to a strong experience of vicarious distress,
which would likely elicit a sympathetic-based stress response. Our work, on the other hand,
focuses on emotional pain such as the loss of a loved one or coping with cancer, which I believe
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promotes compassion and accompanying RSA activation. Responses to emotional suffering may
lead to a calming of the body that encourages approach, care, and the provision of social support
for the sufferer. Future work should examine the effects of different types of suffering on
observer’s emotional and physiological responses.

Part of the parasympathetic response to the suffering of others may be due to changes in
respiration. In conjunction with increases in vagal activation I found slower respiration during
the compassion condition than comparison conditions in most studies. It may be that these
changes in respiration are a meaningful component of the physiological experience of
compassion and the vagal response more broadly. Research demonstrates a robust relationship
between emotions and changes in respiration (for review see Boiten, Frijda, & Wientjes, 1994).
Although respiration has never been examined for compassion, a similar emotion, sadness, has
been associated with decreases in respiration rate (Averill, 1969; Rehwoldt, 1911) and greater
respiration depth (Santibafiez & Bloch, 1986). These decreases in respiration for sadness are in
contrast to other negative emotions such as fear, distress, or anger, which increase respiration
rate (Ax, 1953; Schacter, 1957). While our effects appear to be somewhat distinct from
respiration it may be that deep breathing is a form of self-soothing that is part of the experience
of compassion.

Increases in parasympathetic activation during compassion also have potential health
benefits for those who experience of this emotion. The vagus nerve suppresses the HPA axis, a
neuroendocrine circuit that activates the stress response (Bueno, et al., 1989). In addition, the
vagus nerve helps control the immune response by regulating the expression of pro-inflammatory
cytokines, which are released in response to emotional stressors and cause health problems when
chronically elevated (Borvikova, et al. 2000). People with lower baseline vagal activity are more
likely to suffer from diabetes, obesity, hypertension, and cardiovascular disease (Fukudo et al.,
1992; Thayer & Lane, 2007), respiratory problems (Casale, 1987), and show slower recovery
from medical procedures (Donchin, Constantini, Szold, Byrne, & Porges, 1992). The experience
of compassion in response to suffering, especially in contrast to distress, may provide temporary
boosts in vagal activity that compound over time to provide health benefits. Future work should
examine whether there are vagally mediated long-term health outcomes to compassion.

Our work also has important implications for the measurement of emotions when
collecting autonomic physiology. Across our four studies I were unable to find a robust
correlation between compassion as a single item retrospective self-report and RSA activity
during the compassion condition. These findings suggest that continuous recordings of emotional
responding provide a potentially useful solution when examining relationships to physiology. In
addition, our studies reveal that measuring physiological responses appears to be a fruitful
method for capturing the experience of compassion compared to self-reports. Compassion is
subject to socially desirability and impression management concerns. To make matters more
complicated, these concerns differentially affect self-reports for men and women. Compassion is
considered a more acceptable emotion for women than men (Plant, Hyde, Keltner, & Devine,
2000). In a review of the research on gender differences in empathy and sympathy Lennon and
Eisenberg (1987) argue these differences are more a function of the method of measurement than
a reflection of true internal states, noting much smaller gender effects in situations with less overt
demand characteristics. The failure to reliably identify gender differences in empathy also
extends to compassion’s behavioral outcomes, prosocial behavior (for a review see Eagly &
Crowley, 1986). Our past work supports this claim, finding that women typically report higher
levels of compassion than men, despite having similar physiological responses. I attempted to
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measure self-reports of emotions anonymously and recorded participants’ reactions to the video
in a minimally invasive a manner, but measures that reduce social desirability concerns and
minimize retrospective biases are critical when measuring physiological changes.

Conclusion

Compassion is considered a virtuous emotion at the core of moral systems and
fundamental to prosociality. Although research has begun to better understand its subjective
experience, little is known about how it physiological correlates. As psychological research
attempts to understand the biological processes that underlie more complex emotions like
compassion, researchers are challenged to discover and utilize new measures that provide greater
insight into the body’s inner workings. I argue that the vagus nerve becomes engaged during
compassion, facilitating social engagement with others in need.
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Footnotes
" RSA during the compassion condition did interact with NEO Altruism to predict SCL

during the compassion condition, £ = .13, but this finding did not replicate for our second
measure of altruism, SVO, therefore it is unclear whether it is a robust effect.
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Table 1. Mean levels of emotions reported after the compassion and inspiration video in Study 3.

Compassion Inspiration
Video Video
Mean (SD)
Compassion 7.04 (2.04) 4.90 (2.51)
Warmth 5.27 (2.80) 6.62 (2.49)
Inspiration 4.35(2.61) 6.07 (2.76)
Trust 4.11 (1.76) 5.26 (2.49)

Note. All means are significantly
different by condition at p < .001.
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Table 2. RSA predicted by different cognitions in Study 4.

RSA
Apathy 0.04
Helpless -0.07
Emotionally overwhelmed 0.227
Trouble perspective taking 0.06
Responsibility 0.21F
Vulnerability 0.06
Deservingness 0.16
Similarity 0.217

Note. All correlations in the RSA column are controlling
for RSA during the neutral video and changes in respiration.
p<.08.
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Figure 1. Interaction between RSA reactivity during the compassion induction and Altruism
predicting self reported compassion in Study 1. Both measures include participants 1 SD below
and 1 SD above the mean.

*p<.05

*xEp <.001
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Figure 2. Elicitation of compassion and pride during compassion and pride slides in Study 2.
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Figure 3. Interaction between RSA reactivity and empathy predicting self reported compassion in
Study 3. Both measures include participants 1 SD below and 1 SD above the mean.

Tp<.001

*xEp <.001
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