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In the present article, we introduce the quadratic vagal activity–prosociality hypothesis, a theoretical frame-
work for understanding the vagus nerve’s involvement in prosociality. We argue that vagus nerve activity
supports prosocial behavior by regulating physiological systems that enable emotional expression, empathy
for others’ mental and emotional states, the regulation of one’s own distress, and the experience of positive
emotions. However, we contend that extremely high levels of vagal activity can be detrimental to prosociality.
We present 3 studies providing support for our model, finding consistent evidence of a quadratic relationship
between respiratory sinus arrhythmia—the degree to which the vagus nerve modulates the heart rate—and
prosociality. Individual differences in vagal activity were quadratically related to prosocial traits (Study 1),
prosocial emotions (Study 2), and outside ratings of prosociality by complete strangers (Study 3). Thus, too
much or too little vagal activity appears to be detrimental to prosociality. The present article provides the 1st
theoretical and empirical account of the nonlinear relationship between vagal activity and prosociality.
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The search for the biological correlates of prosocial behavior—
levels of trustworthiness, compassion, and general kindness—has
long been of interest in the social and biological sciences. This

interest has spawned theoretical and empirical work examining
how prosociality is correlated with patterns of activity in the
central and peripheral nervous systems and theoretically relevant
genetic markers (Goetz, Keltner, & Simon-Thomas, 2010; Har-
baugh, Mayr, & Burghart, 2007; Keltner, Kogan, Piff, & Saturn,
2014; Kosfeld, Heinrichs, Zak, Fischbacher, & Fehr, 2005; Oveis,
Cohen, et al., 2009; Rodrigues, Saslow, Garcia, John, & Keltner,
2009; Sober & Wilson, 1998).

Recent developments in the study of human physiology have
implicated vagus nerve activity—often measured via respiratory
sinus arrhythmia (RSA), which reflects the extent to which the
vagus nerve exerts parasympathetic control over the heart rate
(Berntson, Sarter, & Cacioppo, 1998)—in numerous processes that
are important for prosociality. In particular, individuals with
higher vagal activity tend to show increased levels of positive
emotions, social connection, and emotional expressivity and are
better able to regulate their negative emotions in response to
intense stressors—all processes important to prosociality (Beau-
chaine, 2001; Butler, Wilhelm, & Gross, 2006; Côté et al., 2011;
Eisenberg et al., 1995; Fabes & Eisenberg, 1997; Keltner et al.,
2014; Kok & Fredrickson, 2010; Oveis, Cohen, et al., 2009;
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Porges, 2001; Wang, Lü, & Qin, 2013). These studies, we note,
have not directly established linkages between cardiac vagal tone
(CVT) and prosocial behavior but instead have investigated pro-
cesses such as social connection that are likely involved in proso-
cial behavior (Keltner et al., 2014). These processes are important
for prosocial behavior (e.g., remaining calm in the face of anoth-
er’s distress), but on their own do not constitute prosociality (e.g.,
one can be calm in the face of another’s distress without moving
to help them). Thus, taken together, these studies suggest that
vagal activity is likely associated with prosociality, though a direct
empirical test of this hypothesis is needed.

It is important to note that the literature on vagal activity has
also produced some contradictory findings. For instance, ex-
tremely high levels of vagal activity are associated with mania
(Gruber, Harvey, & Purcell, 2011; Gruber, Johnson, Oveis, &
Keltner, 2008), suggesting that greater vagal activity may not
always be better for social functioning. This literature suggests that
CVT may correlate with prosociality, but the relationship may not
be a simple linear one.

Here, we propose the quadratic vagal activity–prosociality
hypothesis, which holds that vagal activity is a biological cor-
relate of prosociality in a nonlinear fashion. In particular, our
hypothesis predicts that greater cardiac vagal activity is an
adaptive response that promotes prosociality— up to a point. At
a very high level, we predict that vagal activity can become
socially maladaptive. We present three studies that provide the
first empirical tests of the predictions stemming from the qua-
dratic vagal activity–prosociality hypothesis. We examined
how vagal activity is related to self-reported prosocial traits and
positive emotions, as well as how it relates to naïve-observer,
thin-slice ratings of the individual’s prosociality (e.g., Ambady,
Bernieri, & Richeson, 2000). By examining an individual’s
prosocial traits and emotions, as well as outside observer per-
ceptions, this set of studies provides a rigorous test of core
predictions stemming from the quadratic vagal activity–
prosociality hypothesis.

Vagal Activity and Its Correlation With Prosociality

An active area of inquiry into biological correlates of prosoci-
ality is the study of the vagus nerve, one branch of the parasym-
pathetic autonomic nervous system that is theorized to promote the
ability empathize and connect with others (Beauchaine, 2001;
Porges, 2001). The vagus nerve is a collection of autonomic
nervous system fibers projecting from the brainstem to peripheral
organs and is the parasympathetic nervous system’s primary reg-
ulator of heart rate. While to date no formal model linking vagal
activity to prosociality has been specified, both anatomical and
empirical evidence suggests that vagal activity could underlie
prosociality. First, activation of the vagus nerve decreases cardio-
vascular arousal, promoting emotion regulation and calmness in
response to distress (Butler et al., 2006; Fabes & Eisenberg, 1997;
Segerstrom & Nes, 2007; van Kleef et al., 2008). This kind of
emotion regulation allows individuals to overcome their own dis-
tress and focus on the needs of others—core processes of proso-
ciality. Second, according to Porges’ polyvagal theory (1995,
2001, 2007), the vagus nerve is a component of the human social
engagement system. The vagus nerve is responsible for the regu-
lation of the vocal cords and interacts with the neural regulation of

the eyes, ears, and select facial muscles involved in social com-
munication and affiliation (Beauchaine, 2001; Porges, 2001).
These anatomical characteristics of the vagus nerve have led
researchers to theorize that the vagus nerve subserves core com-
ponents of emotional and social engagement (Porges, 1995, 2001,
2007).

We should note that in Porges’ (1995, 2001, 2007) and other
scholars’ work, the term vagal tone is used to describe the phys-
iological phenomenon reflected by the measure RSA. In the pres-
ent work, we instead use the less interpretive term vagal activity
because RSA can reflect both tonic and phasic vagal activity (see
Berntson, Cacioppo, & Grossman, 2007, for fuller discussion).
However, we wish to explicitly connect our work to other work on
the measure RSA (also termed high-frequency heart rate variabil-
ity) and the construct vagal tone (also termed cardiac vagal con-
trol).

Emerging empirical evidence provides some indirect support for
the notion that vagal activity is related to prosociality. Vagal
activity—often indexed via respiratory sinus arrhythmia (RSA)—
predicts increased expressivity when being approached by strang-
ers, more sociability, and fewer adjustment problems when enter-
ing preschool (Eisenberg et al., 1995; Fox & Field, 1989; Stifter,
Fox, & Porges, 1989). Higher vagal activity also predicts increases
in positive emotions and connectedness to others over time; in
turn, increases in positive emotions and social connectedness pre-
dict later increases in vagal activity, suggesting an upward spiral
relationship (Kok & Fredrickson, 2010). Prospective data also link
higher resting levels of vagal activity levels to increased self-
reports of traits tied to prosociality, such as extraversion and
agreeableness, at 6–8 months after the vagal activity assessment
(Oveis, Cohen, et al., 2009). While none of the empirical work to
date has explicitly linked vagal activity with prosociality, the
previously cited work illustrates that vagal activity is related to
many of the core processes required for prosociality, including
positive emotions, sociability, greater connection to others, and
emotion regulation.

But is the relationship between vagal activity and psychological
constructs a simple linear one? A closer inspection of the vagal
activity literature suggests a more complex picture. For instance,
individuals at risk for mania show elevated vagal activity in
comparison to individuals not at risk (Gruber et al., 2008). On the
other end of this continuum, low vagal activity appears to correlate
with several mental illnesses, including major depressive disorder
(Dalack & Roose, 1990), anxiety (Friedman & Thayer, 1998), and
posttraumatic stress disorder (Cohen, Kotler, Matar, & Kaplan,
1997). Similarly, among 6- to 8-year-old girls—who tend to show
higher levels of vagal activity compared with boys—higher vagal
activity levels predicted lower levels of peer and teacher ratings of
sociability (Eisenberg et al., 1995, 1996). Finally, the literature on
vagal activity and depression is mixed; while some studies show
that greater vagal activity predicts lower levels of depression (e.g.,
Rottenberg, Wilhelm, & Gross, 2001), others yield the opposite
pattern of results (Schultz, Anderson, & van de Borne, 1997), and
still other studies do not show any relationship at all (Rottenberg,
2007; Volkers et al., 2004). Collectively, these studies underscore
the complexity of vagal activity’s correlates and illustrate that a
simple linear account of the link between individual differences in
vagal activity and psychological constructs may not be adequate.
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The writings of Aristotle may provide some insight into under-
standing the apparent inconsistencies in the literature on vagal
activity. In writing about when emotions are functional and when
they are not, Aristotle long ago advanced his principle of moder-
ation: Emotions in moderate degrees, in the right context, and in
response to the right people are functional with respect to the
individual’s well-being (cf. Grant & Schwartz, 2011). Even vir-
tues—for example, compassion, gratitude, and courage—can be
dysfunctional (or vices) when taken to extremes. Few studies have
directly tested this important thesis, although relevant data are
suggestive. For example, moderate levels of embarrassment tend
to predict positive social outcomes (Feinberg, Willer, & Keltner,
2012), whereas the relative absence of embarrassment tends to
covary with antisocial tendencies (Keltner & Buswell, 1997), and
high levels of embarrassment covary with social anxiety (Leary,
2001). Perhaps even more dramatically, recent evidence has dem-
onstrated that positive emotions, thoughts, and even life satisfac-
tion can become detrimental at extreme levels (Cheng, Wong, &
Tsang, 2006; Gruber, Mauss, & Tamir, 2011; Oishi, Diener, &
Lucas, 2007). Recent work in the study of oxytocin has also begun
to suggest that moderate levels of oxytocin are most optimal in
promoting social cognition and functioning (Bartz, Zaki, Bolger, &
Ochsner, 2011).

Integrating the previously cited anatomical and empirical evi-
dence, we propose the quadratic vagal activity–prosociality hy-
pothesis. We hold that vagus nerve activity is a core physiological
correlate of prosociality, promoting greater compassion and care
for others by modulating arousal (via regulation of the heart) and
emotional expression (via vocalization). Thus, we theorized that
greater vagal activity at rest, as measured by RSA, would be
reflective of greater prosociality. Yet very high levels of vagal
activity may promote too much regulation of arousal and emo-
tional expressivity, which can become maladaptive, reflecting a
pattern of mania and indiscriminate affiliation. It may also be the
case that extremely high levels of vagal activity compromise the
cardiac vagal brake—the efficient withdrawal of vagal regulation
of the heart in response to environmental challenges is critical to
social engagement (Heilman et al., 2012). Therefore, our hypoth-
esis predicts a quadratic relationship between vagal activity and
prosociality, holding that prosociality would be highest at moder-
ate levels of vagal activity and that the relationship between vagal
activity and prosociality becomes negative among individuals with
the highest levels of vagal activity.

More specific analyses of prosocial behavior further set the
stage for this hypothesis. Prosociality reflects a balance of other-
focus, wherein the individual attends to the needs and concerns of
others, and self-focus, wherein the individual experiences personal
distress and considers the personal costs and benefits of particular
courses of action (Goetz et al., 2010; Sober & Wilson, 1998).
Prosociality, then, requires a balance of self- and other-focus—one
we hypothesize will be in part enabled by vagal activity. To
respond with kindness, empathy, or cooperation to someone in
need, individuals must regulate their own distress and turn their
attention outwards from themselves to the social world—a process
in part facilitated by greater vagal activity. Absent this emotion
regulation, the individual is overwhelmed by personal distress, and
a prosocial response does not take hold (Eisenberg et al., 1995).
Extreme levels of vagal activity, by contrast, could dampen the
personal distress that initiates the prosocial response (Goetz et al.,

2010) and cause the individual to not notice another’s needs or
suffering. Therefore, too little vagal regulation may lead to panic
in the face of another’s pain, whereas too much vagal regulation
may lead an individual to not notice another’s suffering; moderate
vagal regulation, then, should allow for both the ability to empa-
thize with an individual’s pain and to regulate one’s own distress
to provide care to the person in need. These converging lines of
reasoning led to our quadratic vagal activity–prosociality hypoth-
esis. To date, however, no study has considered or detected such a
quadratic relationship between vagal activity and prosociality—
furthermore, no study has explicitly evaluated even a linear rela-
tionship.

Beyond Self-Report: The Quick Detection of Traits
From Thin Slices of Behavior

Humans have proven able to make accurate, intuitive judgments
about others from witnessing only brief samples, or thin slices, of
nonverbal behavior (see Ambady et al., 2000). People can make
accurate predictions about the lifestyles, personalities, and even
behavioral patterns of strangers—all from such thin slices of
behavior. For instance, participants were able to detect the sexual
orientation of others at better than chance levels from photographs
and silenced video clips as short as 1 s (Ambady, Hallahan, &
Conner, 1999). In the classroom, participants made accurate pre-
dictions about end-of-semester evaluations of teachers from view-
ing just 6-s silenced video clips of them (Ambady & Rosenthal,
1993). Researchers focusing on personality have demonstrated that
adults can accurately detect the interpersonal tendencies associated
with psychopathy in inmates based on viewing as little as 5 s of
facial behavior, even in the absence of any social interaction in the
video (Fowler, Lilienfeld, & Patrick, 2009). Similarly, coders were
able to assess the personality traits of individuals with personality
disorders from 30 s of sample interview behavior (Oltmanns,
Friedman, Fiedler, & Turkheimer, 2004). Within nonclinical pop-
ulations, naïve observers made reliable personality judgments
about strangers from watching less than 2 min of behavior (Borke-
nau, Mauer, Riemann, Spinath, & Angleitner, 2004). Even social
status has been shown to be readily detectable based on viewing
60-s video clips of individuals (Kraus & Keltner, 2009) or listening
to short recording of an individual’s laughter (Oveis, Kogan, Liu,
& Keltner, 2014). Perhaps most impressive, people were able
detect at better than chance levels whether an inmate gave a true or
false confession statement from a 15-s video clip; participants who
saw the full clips of the confessions (3 min long) actually per-
formed worse than the participants who saw 15-s long clips and in
fact did not perform better than chance (Albrechtsen, Meissner, &
Susa, 2009). Collectively, this body of work speaks to the human
capacity for quick and accurate detection of numerous traits and
internal states of strangers.

In the present work, we built upon this foundation to test
whether the prosociality judgments made by naïve observers about
target individuals follows the quadratic vagal activity–prosociality
hypothesis. More specifically, we reasoned that if there were
indeed a quadratic relationship between vagal activity and proso-
ciality, then it may manifest itself in behavioral cues that others
can quickly detect and use to make judgments about the individual.
We therefore predicted that individuals’ vagal activity (measured
via RSA) would quadratically predict how naïve observers would
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rate them on the basis of thin slices of behavior. Such evidence is
important in extending the validity of the vagal activity–
prosociality link. After all, such data can eliminate the possibility
that the effects merely reflect a self-serving bias that can arise in
self-report. Further, if judgments of prosociality covary with vagal
activity, this type of evidence can speak to the communicability of
prosociality and the social signaling function of vagal activity.

Present Studies

In the present research, we tested for the first time whether vagal
activity is quadratically (inverted U-shape) related to prosociality.
To do so, we examined in three studies (a) the linear relationship
between vagal activity and prosociality and (b) whether adding a
quadratic term to the linear model significantly improved the fit in
the data between vagal activity and prosociality.

In Study 1, we examined the association between vagal activity
and measures of prosociality in a community sample. In Study 2,
we replicated and extended these results by demonstrating the
quadratic association between vagal activity and the experience of
prosocial positive emotions and by ruling out the potential con-
found that our results were driven by a more general link between
vagal activity and positivity. In Study 3, we examined the inter-
personal consequences of the link between vagal activity and
prosociality by having naïve observers rate the prosociality of
targets across the range of vagal activity values based on thin slices
of behavior—silenced 20-s long video clips depicting the targets
responding to the suffering of their romantic partner. In each study,
we assessed vagal activity through RSA, which captures the degree
of variability in the heart rate due to vagal influence (Berntson,
Norman, Hawkley, & Cacioppo, 2008).

Study 1

Method

Participants and procedure. Two hundred thirty-six adults
(mean age � 40.02 years, SD � 11.14; 52% female) from the
Denver area community participated in the study. Participants
watched a 2-min neutral video clip that depicted a sandcastle being
built during which their electrocardiogram (ECG) activity was
recorded for analysis of vagal activity (Rottenberg, Ray, & Gross,
2007). One week before watching the video clip, participants
completed measures of their prosociality online.

Measures.
Vagal activity (measured via RSA) and respiratory rate. We

sampled ECG and respiration signals at 1,000 Hz, and edited,
scored, and reduced using ANSLAB (Autonomic Nervous System
Laboratory Software; University of Basel, Basel, Switzerland), a
customized physiological scoring software package (Wilhelm,
Grossman, & Roth, 1999). Electrocardiogram activity was sam-
pled at 1,000 Hz using electrodes placed on the torso in a Lead II
configuration (Biopac Systems; Santa Barbara, CA). To compute
RSA, we first converted heart period scores into time series data
with a 4-Hz resolution. RSA was assessed as heart rate variability
within the high frequency band associated with respiration; for the
present study, a frequency band of 0.12–0.40 Hz was used (Bern-
tson et al., 2008; Butler et al., 2006; Rottenberg, Clift, Bolden, &
Salomon, 2007). The time series data were then linearly detrended

and quantified with a power spectral analysis using the Welch
method of spectral averaging (cf. Butler et al., 2006). Single
artifactual beats were excluded and interpolated. This occurred in
seven participants, and for between one and five beats per partic-
ipant. A single ectopic beat in one participant was interpolated.
RSA was calculated as the natural logarithm of the power spectral
density values within the high-frequency band (Berntson et al.,
2008). Three individuals had RSA values more than 3 standard
deviations (SDs) below or above the mean and were thus excluded
from analyses. RSA values ranged from 3.25 to 10.22 (M � 6.88
ln ms2, SD � 1.29).

We measured respiration using an inductive plethysmography
device (TSD201; Biopac Systems, Goleta, CA), which captures
changes in abdominal circumference that occur as the participant
breathes. Respiratory rate was computed as the number of breaths
per minute. Peak respiration data for one participant fell outside
the 0.12- to 0.40-Hz frequency band—this participant was ex-
cluded from all analyses. We also derived the peak respiration
frequency by conducting spectral analysis of the raw R-wave–R-
wave interval data using a fast-Fourier transform (FFT) and
Welch’s method, consistent with Denver, Reed, & Porges (2007).
The peak frequency within the high-frequency band (0.12–0.40
Hz) was identified and was found to correspond to the mean
respiration frequency (Clifford, 2006; Denver et al., 2007). Power
spectral density functions were calculated and plotted to reveal the
peak frequency. Similar to Denver et al. (2007), we resampled
heart period data every 500 ms, and low-frequency oscillations
were removed and detrended using a third-order moving filter.
Next, the peak of the heart period spectrum within the high-
frequency RSA band was isolated (which corresponds to the
estimated respiration frequency). All respiration estimates were
calculated using MATLAB 2011a (MathWorks, Natick, MA) and
Kubios (Tarvainen, Niskanen, Lipponen, Ranta-Aho, & Karj-
alainen, 2014) software. Using this method, we found that the peak
respiratory frequency for all participants fell within the 0.12- to
0.40-Hz band. Thus, no additional participants were excluded on
this basis.

Warm, Prosocial Relations With Others. Participants com-
pleted the three-item Relations subscale of the Psychological
Well-Being Scales (Ryff, 1989), answering items such as “Peo-
ple would describe me as a giving person, willing to share my
time with others,” “I have not experienced many warm and
trusting relationships with others,” and “Maintaining close re-
lationships has been difficult and frustrating for me” on 1
(strongly disagree) to 6 (strongly agree) scales (� � .70). The
scale measures the degree to which individuals have warm,
prosocial relations with others.

Agreeableness. Participants also completed a 10-item mea-
sure of agreeableness (Goldberg et al., 2006) from the Interna-
tional Personality Item Pool, which captures enduring individual
differences in prosocial personality. Sample items include “I sym-
pathize with others’ feelings,” and “I am interested in people,” and
responses were captured on 1 (never true) to 7 (always true) scales
(� � .91).

Results

Statistical approach. Our primary interest in the current ar-
ticle was to determine how individual differences in vagal activity
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(operationalized as RSA) are linked with prosociality, examining
potential linear and quadratic relationships. Thus, we took two
steps in our modeling. First, we tested the linear relationship
between vagal activity and prosociality. Second, we added a qua-
dratic term to the equation and investigated whether a quadratic
model better captured the relationship between vagal activity and
prosociality. We note that the p value of the quadratic term in this
case is identical to the p value of a comparison of the variance
explained in the two models; thus, a significant quadratic term
indicates a superior model fit of the quadratic model over a linear
model.

Linear relationship between vagal activity and prosociality.
In our first set of analyses, we evaluated the linear relationship
between vagal activity and our two measures of prosociality. We
found no statistically significant link between vagal activity and
either Warm, Prosocial Relations With Others or Agreeableness
(see Table 1). Thus, in Study 1, we found no evidence for a linear
relationship between RSA and prosociality.

Quadratic relationship between RSA and prosociality. We
next modeled a quadratic relationship between vagal activity
and prosociality. To do so, we entered both the linear and
quadratic terms of vagal activity as predictors. By focusing on
the slope of the quadratic term, we were able to assess the
degree to which the relationship between vagal activity and
each outcome varied as a function of vagal activity.

In line with our predictions, vagal activity was quadratically
associated with Warm, Prosocial Relations With Others and
Agreeableness (see Figure 1 and Table 1). These results demon-
strate that as vagal activity increased, the relationship between
vagal activity and prosociality progressively became more and
more negative. Graphical inspection of the curves (see Figure 1)
demonstrates an inverted U-shape curve.

Study 2

Study 1 provided the first evidence for the validity of the
quadratic vagal activity–prosociality hypothesis. In particular,
we found that a quadratic model was more accurate in charac-
terizing the link between vagal activity and prosociality than a
linear model, which in the current study did not reach signifi-
cant levels. It is of theoretical importance, however, to deter-
mine whether these effects are simply a reflection of a positivity
bias (in which case the quadratic pattern would be seen for all
positive outcomes) or whether they are indeed specific to proso-
ciality. We therefore conducted Study 2 to evaluate the qua-
dratic vagal activity–prosociality hypothesis in relation to
several positive emotions—some specifically focused on proso-
ciality (e.g., compassion, gratitude) and others reflecting posi-

tivity in general (e.g., joy, pride; Algoe, 2012; Côté et al., 2011;
Gruber et al., 2008; Gruber, Oveis, Keltner, and Johnson, 2011;
Haidt, 2003; Horberg, Oveis, & Keltner, 2011; Impett et al.,
2010; Keltner, Horberg, & Oveis, 2006; Oveis, Horberg, &
Keltner, 2010; Srivastava, Tamir, McGonigal, John, & Gross,
2009). Our theoretical analysis of why a quadratic pattern of
results may emerge between vagal activity and prosociality
suggested that the quadratic-vagal activity hypothesis should be
specific to prosociality; therefore, we expected to find a qua-
dratic relationship only between vagal activity and prosocial
positive emotions but not between vagal activity and general
positivity.

Method

Participants and procedure. One hundred nineteen partic-
ipants (mean age � 20.14 years, SD � 1.92; 64% female) from
the student community at a large public university in the United
States partook in the study. Participants watched a 90-s neutral
film clip during which we measured their ECG activity for
analysis of vagal activity (operationalized as RSA). Before
watching the video clip, participants completed measures of
their experience of prosocial and general positive emotions.

Measures.
Vagal activity (RSA). ECG activity was sampled at 1 kHz

with the VU-AMS ambulatory monitoring system (de Geus,
Willemsen, Klaver, & van Doornen, 1995) using electrodes
placed in a modified Lead I configuration. Data were visually
inspected for artifacts, and none were detected. CMet cardiac
metric software (Allen, Chambers, & Towers, 2007) was used
to calculate RSA in the frequency range of spontaneous breath-
ing (0.12– 0.40 Hz). We excluded one participant from analyses
because the person had an RSA value of more than 3 standard
deviations below the mean. RSA values ranged from 4.47 to
8.40 (M � 6.27 ln ms2, SD � 0.86). Additionally, as in Study
1, we conducted spectral analyses in order to derive estimates
for participants’ breathing frequencies, based on R-wave–R-
wave-interval data. No participant’s peak respiratory frequency
fell outside the 0.12- to 0.40-Hz band. Thus, all participants
were included in analyses.

Prosocial and general positive emotions. All participants
completed the Dispositional Positive Emotions Scales (Shiota,
Keltner, & John, 2006), a 44-item measure of the extent to
which people experience several discrete positive emotions. We
measured two prosocial positive emotions— compassion (seven
items; � � .77) and gratitude (two items; � � .69)—and five
general positive control emotions—including joy (seven items;

Table 1
Linear and Quadratic Models for Study 1

Outcome

Linear model
Vagal activity (RSA)

Quadratic model
Vagal activity (RSA)2

b 95% CI p Rpartial b 95% CI p Rpartial

Warm, Prosocial Relations .05 �.06, .16 .39 .06 �.07 �.13, .00 .05 �.13
Agreeableness �.03 �.09, .03 .35 �.06 �.04 �.07, .00 .05 �.13

Note. RSA � respiratory sinus arrhythm; CI � confidence interval.
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� � .85), contentment (seven items; � � .88), desire (seven
items; � � .72), amusement (seven items; � � .66), and interest
(seven items; � � .71). We measured all items using 1 (strongly
disagree) to 7 (strongly agree) scales.

Results

Statistical approach. Because the Dispositional Positive
Emotions Scales assess both (a) prosocial positive emotions and
(b) general positive emotions that are unrelated to prosociality,
we were able to evaluate whether vagal activity is quadratically
related to prosociality in particular or positive emotions in

general. For Study 2, we employed the same two-step modeling
approach as in Study 1: First, we modeled the linear relation-
ship between vagal activity and each emotion; second, we tested
a quadratic model for each outcome.

Linear relationship between vagal activity and positive
emotions. In our first set of models, we tested a linear relation-
ship between vagal activity and each of the seven positive emo-
tions (see Table 2). Consistent with our predictions, we found no
evidence for a linear relationship between vagal activity and the
prosocial positive emotions of compassion and gratitude. Nor did
we find evidence of a linear relationship between vagal activity
and the general positive emotions of contentment, joy, desire,

Table 2
Linear and Quadratic Models for Study 2

Outcome

Linear model
Vagal activity (RSA)

Quadratic model
Vagal activity (RSA)2

b 95% CI p Rpartial b 95% CI p Rpartial

Prosocial positive emotions
Compassion �.06 �.28, .15 .56 �.05 �.25 �.45, �.05 .01 –.23
Gratitude .09 �.13, .33 .44 .07 �.25 �.47, �.02 .03 �.20

General positive emotions
Contentment �.04 �.29, .21 .75 �.03 .02 �.22, .25 .89 .01
Joy �.08 �.33, .16 .51 �.06 �.04 �.27, .20 .77 �.03
Desire .03 �.20, .26 .79 .02 .07 �.15, .29 .54 .06
Amusement �.14 �.38, .10 .26 �.11 .10 �.13, .33 .37 .08
Interest .04 �.12, .21 .62 .05 .00 �.15, .16 .96 .01

Note. RSA � respiratory sinus arrhythm; CI � confidence interval.

Figure 1. Vagal activity (respiratory sinus arrhythmia, or RSA) to warm relations with others and agreeable-
ness. The line in each figure represents the predicted values of the outcome from the estimates of the slopes in
the quadratic equation.
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amusement, and interest. Thus, we found no evidence in the
current study to support a linear relationship between vagal activ-
ity and any positive emotion—prosocial or general.

Quadratic relationship between vagal activity and positive
emotions. Next, we tested a quadratic relationship between va-
gal activity and each emotion by adding a quadratic vagal activity
term as a predictor to each linear model described above (see Table
2). Consistent with Study 1 and with our hypotheses, we found a
quadratic relationship between vagal activity and the two prosocial
positive emotions: compassion, and gratitude (see Figure 2). In
contrast, we did not find evidence for a quadratic relationship
between vagal activity and any of the general positive emotions:
contentment, joy, desire, amusement, and interest. These results
support our prediction that there should only be a quadratic rela-
tionship between vagal activity and prosocial positive emotions; in
fact, we found no relationship between vagal activity and non-
prosocial positive emotions, linear or quadratic.

Study 3

Studies 1 and 2 demonstrated that the degree to which people
view themselves as being prosocial and experience prosocial
emotions is quadratically related to their vagal activity. But do
the perceptions of complete strangers also match this pattern?
Building upon the thin-slicing literature, we theorized that
individual differences in prosociality as a function of vagal
activity may also be detectable on the basis of thin slices of
behavior. We tested this hypothesis in Study 3, in which we
selected a group of targets with known levels of vagal activity
(RSA) from a previous study in which participants took turns
discussing a time of personal suffering; this paradigm has been
shown to reliably elicit compassion in participants (Côté et al.,

2011; Gordon, Impett, Kogan, Oveis, & Keltner, 2012; Impett
et al., 2010, 2012; Kogan et al., 2011; van Kleef et al., 2008).
More generally, previous work has shown that displays of
vulnerability are compelling elicitors of cooperative behavior
(Batson & Shaw, 1991); therefore, we reasoned that the context
of responding to suffering would provide an appropriate period
of observation from which to judge the character of the target
individuals. Thus, we selected the listeners (who heard the
stories of suffering from a stranger) during the conversations to
serve as our targets.

In the present study, we showed 20-s video clips of the targets
to observers who had never met or seen the targets before. The
videos were completely silent and showed only the listener (target)
in each conversation. Observers rated how prosocial they believed
the target of each video to be. We hypothesized that perceptions of
prosociality would be quadratically related to target vagal activity
in line with the quadratic vagal activity–prosociality hypothesis.

Method

Observers and procedure. We recruited 120 (mean age �
33.4 years, SD � 12.1; 53% female) individuals using Amazon’s
Mechanical Turk to participate individually via the Internet in
exchange for $1. Each observer was asked to watch between 18
and 20 silent video clips of targets listening to a story of personal
suffering from a stranger. After watching each video clip, partic-
ipants rated each target for how “trustworthy,” “compassionate,”
and “kind” they perceived them to be on scales ranging from 1
(strongly disagree) to 7 (strongly agree). These three items
showed high internal reliability (� � .97) and thus were combined
into a single composite score of perceived prosociality.

Figure 2. Vagal activity (respiratory sinus arrhythmia, or RSA) to compassion and gratitude. The line in each
figure represents the predicted values of the outcome from the estimates of the slopes in the quadratic equation.
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Target video clips. We selected 118 video clips of targets
(mean age � 20.1 years, SD � 5.09; 59.1% female) from a
previous study in which same-sex dyads of unacquainted under-
graduate students took turns describing a personal experience of
suffering while these interactions were videotaped (van Kleef et
al., 2008). Video recordings used in the present study depicted
target individuals in the listener role, wherein they listened while
their partner expressed a time of great emotional suffering in a
face-to-face interaction. The face and torso of each target were
visible, as was a portion of the back of the head of the person to
whom the target was listening. Each 20-s clip began as the talker
described the most intense part of the experience of suffering as
identified by a research assistant blind to all hypotheses and the
vagal activity of all targets. We removed the audio from all video
clips to ensure that the verbal content of the interactions did not
influence perceptions of targets and to provide a more stringent
test of our hypothesis by presenting an even thinner slice of
behavior (Ambady & Rosenthal, 1993). Observers in the current
study did not have access to the content or topics of the conver-
sations.

Vagal activity of targets (again operationalized as RSA) was
assessed prior to their interaction with their partner (see Van Kleef
et al., 2008 for the full procedure). ECG recordings, sampled at 1
kHz, were gathered from leads placed on the torso in a Lead II
configuration using the VU-AMS ambulatory monitoring system.
Data were visually inspected for artifacts, and none were detected.
RSA was calculated from 2 min of ECG data acquired 15 min after
the start of the laboratory session while participants were quietly
filling in questionnaires prior to interacting with their partner. RSA
was calculated in the 0.12 Hz- to 0.40-Hz band of the R-wave–R-
wave-interbeat interval series using CMet cardiac metric software
(Allen et al., 2007). We removed one outlier who was more than
3 standard deviations below the mean. RSA for the targets in this
study fell within the expected range for a resting, healthy, adult
sample (M � 5.65 ln ms2, SD � 1.10) and ranged from 2.32 to
9.04. As in Studies 1 and 2, we derived estimates of participants’
respiratory frequencies from spectral analyses of the R-wave–R-
wave-interval data. We identified no participant who fell outside
the 0.12- to 0.40-Hz range. Thus, all participants were included in
analyses.

Results

Statistical approach. As in Studies 1 and 2, we took a two-
step modeling approach. First, we tested a linear relationship
between target vagal activity and perceived prosociality, as rated
by the observers. Second, we included a quadratic target vagal
activity term in the model to test whether a quadratic relationship
would better describe the relationship between vagal activity and

perceived prosociality. In all analyses, we included the gender of
the target as a predictor because men were rated as less prosocial
than women, bGender � �0.34, 95% confidence interval
[�.53, �.15], t(108) � �3.51 p � .001, but there was no gender
difference in vagal activity, bGender � 0.01, 95% confidence in-
terval [42, .43], t(107) � 0.03, p � .980, and thus gender could act
as a suppressor variable. Through this approach, we accounted for
the variance related to gender in perceived prosociality.

Linear relationship between vagal activity and perceived
prosociality. Our first model examined the linear relationship
between target vagal activity and how prosocial observers believed
the targets to be. In concordance with Studies 1 and 2, we found no
evidence for a linear relationship between target vagal activity and
perceived prosociality (see Table 3). Thus, once again, we found
little support for a linear perspective on the link between vagal
activity and prosociality.

Quadratic relationship between vagal activity and perceived
prosociality. In our second model, we included both the linear
and quadratic target vagal activity terms as predictors of perceived
prosociality. Supporting our hypothesis, there was a quadratic link
between target vagal activity and perceived prosociality (see Table
3 and Figure 3). As with Studies 1 and 2, graphical examination of
the curve in Figure 3 suggested an inverted U-shape relationship:
That is, targets with moderate vagal activity were rated as more
prosocial than targets with low or high vagal activity.

General Discussion

Previous theory and empirical work have implicated vagal ac-
tivity in predicting numerous psychological processes involved in
prosocial behavior, including emotion regulation (Butler et al.,
2006), positive emotions (Kok & Fredrickson, 2010; Oveis, Co-
hen, et al., 2009), and sociability (Eisenberg et al., 1996). Ana-
tomical evidence linking the vagus nerve to heart rate regulation
and expression of emotions through posture, gaze, and the voice
has also led to the theoretical claim that the vagus nerve serves a
core function in promoting greater social engagement (Porges,
1995, 2001, 2007). Notwithstanding these claims, some studies
have shown that elevated vagal activity is also predictive of
negative outcomes, such as the mania component of bipolar dis-
order (Gruber et al., 2008) and lowered sociability among adoles-
cent girls (Eisenberg et al., 1995, 1996).

In the present article, guided by these patterns of findings and
Aristotle’s theorizing about the benefits of emotional moderation,
we offered the quadratic vagal activity–prosociality hypothesis.
Our hypothesis holds that moderate levels of vagal activity should
be associated with the greatest levels of prosociality, as such
moderate vagal activity presents a balancing between necessary
arousal to experience empathy for another’s suffering and the

Table 3
Linear and Quadratic Models for Study 3

Outcome

Linear model
Vagal activity (RSA)

Quadratic model
Vagal activity (RSA)2

b 95% CI p Rpartial b 95% CI p Rpartial

Perceived prosociality .05 �.03, .14 .22 .12 �.07 �.12, �.02 .01 �.25

Note. RSA � respiratory sinus arrhythm; CI � confidence interval.
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necessary regulation to overcome one’s own negative emotions to
respond in a kind, compassionate manner. In contrast, we reasoned
that having low or very high vagal activity would result in lower
levels of prosociality.

We tested predictions stemming from the quadratic vagal
activity–prosociality hypothesis in three studies. In each study, we
first tested a linear relationship between vagal activity and proso-
ciality and then added a quadratic term to evaluate whether a
quadratic model provided a significant increase in accuracy over
the linear model. Through such an approach, we were able to show
that the quadratic model better represented the relationship be-
tween vagal activity and prosociality than a linear model.

In Study 1, we found no evidence for a linear relationship
between vagal activity and two different measures of prosocial-
ity—degree of warm, prosocial relations with others and agree-
ableness. However, a significant quadratic relationship (inverted
U-shape) between vagal activity, and both measures of prosociality
was present. It should be noted that optimal vagal activity (peak of
the curve) fell squarely within the moderate range of values of
vagal activity.

Participants in Study 2 indicated the degree to which they felt
various prosocial (compassion, gratitude) and general positive
emotions (e.g., joy, contentment) in everyday life. Once again, we
found no evidence for a linear relationship between vagal activity
and any prosocial or general positive emotion. However, we did
find a quadratic relationship between vagal activity and each
prosocial positive emotion (compassion, gratitude), but no rela-
tionship, quadratic or otherwise, between vagal activity and the
nonprosocial general positive emotions (e.g., joy). These results
served two important functions: (a) they replicated the findings
from Study 1, giving further support to the quadratic vagal
activity–prosociality hypothesis; and (b) they demonstrated that
the quadratic link between vagal activity and prosociality is not

simply a reflection of a general link between vagal activity and
positivity (e.g., Kok & Fredrickson, 2010; Oveis, Cohen, et al.,
2009a).

Studies 1 and 2 demonstrated that vagal activity is quadratically
related to self-reported prosociality. But do complete strangers also
see this pattern in others? To answer this question, in Study 3, we
had naïve observers watch 20-s video clips of target individuals.
The target videos were taken from a previous study in which each
target listened to another person discuss a time of suffering. We
reasoned that such a context would be a perfect milieu to display
a prosocial response. All videos were silent and showed only the
target, and we provided no information about the context of the
conversations. After watching each video, observers were asked to
provide ratings of each target’s prosociality. Consistent with Stud-
ies 1 and 2, target vagal activity was unrelated to how prosocial the
observers judged each target to be. However, the same quadratic
pattern of results once again emerged: Specifically, target vagal
activity was quadratically related to observer ratings of target
prosociality in an inverted-U shape. Thus, the differences in proso-
ciality associated with vagal activity were detectable by even
complete strangers on the basis of very thin slices of behavior.

Collectively, our results demonstrate that there is a nonlinear
relationship between vagal activity and prosociality. Furthermore,
this relationship between vagal activity and prosociality is not a
proxy for a more general positive emotions effect. Remarkably,
these differences in prosociality as a function of vagal activity
were detectable by complete strangers on the basis of seeing only
20 s of silent behavior of an individual, suggesting that there are
tangible behavioral correlates of vagal activity that are communi-
cating important information to others. Our results expand upon
Porges’ (1995, 2001, 2007) polyvagal model by supporting the
notion that the social engagement benefits associated with elevated
vagal activity eventually reach an optimal point (in the moderate
vagal activity range), after which, greater vagal activity becomes
maladaptive. Indeed, one interpretation of our results could view
vagal activity as a biological substrate of prosociality; however, it
is important to note that our work (and previous related work) is
correlational in nature, and thus future experimental evidence is
necessary before making a true causal claim.

Our work not only provides the first model for understanding
the link between vagal activity and prosociality, it also extends the
general literature on vagal activity by introducing the idea that
vagal activity may quadratically be related to psychological phe-
nomena. In past work, a linear relationship has been implicitly
assumed between vagal activity and numerous outcomes, includ-
ing mental illness (Dalack & Roose, 1990; Friedman & Thayer,
1998; Gruber et al., 2008), physical health (Dekker et al., 2000;
Haug et al., 1994), emotional processes (Butler et al., 2006; Kok &
Fredrickson, 2010; Oveis, Cohen, et al., 2009), and perception
(Park, van Bavel, Vasey, & Thayer, 2012). Many of these pro-
cesses are likely far more complex than a linear relationship.
Future research should be conducted to evaluate whether the
relationship between vagal activity and mental illness, physical
health, emotional processes, and perception are indeed linear or
whether a quadratic framework provides a more accurate charac-
terization of the association of vagal activity with these processes.

It is noteworthy that some of our findings are at first glance
somewhat inconsistent with previous work documenting linear
relationships between vagal activity and positive emotions. In

Figure 3. Vagal activity (respiratory sinus arrhythmia, or RSA) to per-
ceived prosociality. The line in each figure represents the predicted values
of the outcome from the estimates of the slopes in the quadratic equation.
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Study 2, we found little evidence linking vagal activity either in a
linear or quadratic fashion to general positive emotions, such as
joy and contentment. Yet previous work has linked vagal activity
in a positive linear manner to positive emotions (Kok & Fredrick-
son, 2010; Oveis, Cohen, et al., 2009; Wang et al., 2013). One
reason for this seeming inconsistency is that previous work may
have oversampled a negative portion of the vagal activity distri-
bution. Such sampling could create a positive linear effect in the
data. For example, studies of sociability in adolescents have shown
that among boys (a group characterized by lower vagal activity and
thus negative heavy), there is a positive link between vagal activity
and sociability; however, for girls (a group characterized by higher
vagal activity and thus positive heavy), the relationship between
vagal activity and sociability is negative (Beauchaine, 2001).

Effect sizes for the studies ranged from small (Study 1) to
moderate (Studies 2 and 3), which are in line with expectation
given the numerous psychological and biological forces that con-
tribute to prosociality (Keltner et al., 2014). For instance, people’s
prosocial dispositions are shaped by other biological individual
differences tied to oxytocin (Bartz et al., 2011; Kogan et al., 2011;
Rodrigues et al., 2009), dopamine (Harbaugh et al., 2007), and
serotonin (Crockett et al., 2013; Crockett, Clark, Hauser, & Rob-
bins, 2010). Prosociality is also more likely when others are kind
to the person (Fowler & Christakis, 2010) and when others elicit
emotions such as compassion (Valdesolo & Desteno, 2011), grat-
itude (Bartlett & DeSteno, 2006), and elevation (Algoe & Haidt,
2009; Keltner & Oveis, 2007; Schnall, Roper, & Fessler, 2010).
Social forces such as social class (Piff, Stancato, Côté, Mendoza-
Dentona, & Keltner, 2012), family (Oveis, Gruber, Keltner,
Stamper, & Boyce, 2009), and religion (Norenzayan & Shariff,
2008; Shariff & Norenzayan, 2007) also play a key role in shaping
prosociality and emotion. People are also more likely to cooperate
when there are potential social sanctions for not acting prosocially
(Boyd, Gintis, Bowles, & Richerson, 2003; Fehr & Fischbacher,
2003; Fehr & Gächter, 2002; Fowler, 2005) or rewards for acting
prosocially (Kogan et al., 2010; Rand, Dreber, Ellingsen, Fuden-
berg, & Nowak, 2009). Thus, prosociality is affected by a multi-
plicity of biological, psychological, and situational factors at mul-
tiple levels of analysis. Given such a diverse set of antecedents, we
would expect any one factor to explain only a fraction of people’s
proclivities towards prosociality. Our findings suggest that RSA
may be one such biological antecedent, though clearly more work
is necessary to establish a causal link between RSA and prosoci-
ality.

Limitations and Future Directions

Several limitations are important to note in interpreting our
results. First, all three studies presented correlational data; causal
inferences are in no way justified. The quadratic vagal activity–
prosociality hypothesis is a theoretical causal model; it explicitly
relates vagal activity to prosociality. Our data, however, cannot
fully support such a causal claim—our data are therefore consis-
tent with the predictions of the hypothesis but do not offer the
evidence necessary to make a strong empirical claim that vagal
activity promotes prosociality in a quadratic manner. Thus, one
important future direction in this work is to experimentally ma-
nipulate vagal activity at different starting levels to observe the
consequences. Based on our hypothesis, we predict that increasing

vagal activity for individuals who in general have low vagal
activity levels will be beneficial and result in elevated prosociality;
in contrast, we also predict that increasing vagal activity for
individuals who begin with moderate vagal activity may reduce
prosociality.

Our results are also limited by cultural considerations since all
three studies were conducted in the United States. Given the
different cultural norms for emotional expression and connection
to others (Markus & Kitayama, 1991), it should not be assumed
that the correlations of vagal activity to prosociality will be the
same in Eastern cultures. Indeed, some evidence suggests that even
biological correlates of sociability can have different predictive
patterns in Eastern cultures compared with Western cultures (e.g.,
Kim et al., 2011); however, others have found parallel results
(Wang et al., 2013). Thus, in future studies, investigators should
examine the prosocial correlates of vagal activity in Eastern cul-
tures—to date, we are aware of no cross-cultural work examining
the social correlates of vagal activity.

Conclusion

Prosociality is a vital social glue that is ultimately a core
necessity for healthy societal functioning. A focus on the biolog-
ical underpinnings of prosociality can begin to shine a light on how
this critical process unfolds and is reinforced, opening the door for
work on promoting prosociality through a focus on the underlying
biological systems. Yet as this work matures, a more nuanced
perspective is necessary to understand the complex relationships
that exist between our bodies and social behaviors. Our findings
suggest that one such relationship—the link between vagal activity
and prosociality—takes on a quadratic form. Thus, care must be
taken in promoting prosociality by increasing vagal activity;
greater vagal activity does not always translate into greater proso-
ciality.
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