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Abstract
Altruistic behavior after stress exposure may have important health and psychological
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tal research on altruism following acute stress has been limited to adult populations.
The current study utilized an experimental design to investigate how altruistic dona-
tion behavior among children may be influenced by (a) exposure to an acute social
stressor, the Trier Social Stress Test modified for use with children (TSST-M), (b) in-
dividual differences in stress physiology, and (c) social support from a parent. The
sample consisted of 180 children (54.9% male, 45.1% female; mean age = 9.92 years,
SD = 0.56 years) randomly assigned to one of three conditions involving the TSST-M:
(a) prepare for the TSST-M alone, (b) prepare for the TSST-M with a parent, and (c)
no-stress control group. Results revealed that children made larger donations post-
stressor if they were alone before the acute stressor, if they had moderate cardiac
autonomic balance, reflecting both parasympathetic and sympathetic influence, and
if they were older. Children who prepared for the TSST-M with social support from a
parent made comparable donations as children in the no-stress control group, in ac-
cord with stress buffering models. Increased altruism following acute stress among
children suggests that a comprehensive understanding of the human stress response
needs to incorporate “tend-and-befriend” behavior—the tendency for humans to
show increased altruistic behavior during times of distress.
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1 | INTRODUCTION

Human altruism, defined as behavior that helps others at a cost
to the self (Hastings et al., 2015), has widespread societal implica-
tions, particularly in times of crisis. For instance, some individuals
responded to the COVID-19 pandemic with an increased urgency to
donate their resources and time to help others and defeat the com-

mon threat, whereas others responded by stockpiling resources for

themselves (Bavel et al., 2020; Tiffany, 2020). Thus, understanding
the developmental origins of altruism and individual differences in
altruistic behavior in the aftermath of acute stress may have impor-
tant applications. Previous developmental research has shown that
9-year-old children, but not 6-year-old children, exhibit increased
altruism following exposure to a natural disaster (Li et al., 2013).
Furthermore, biopsychosocial perspectives have highlighted the

role of social-contextual factors and individual differences in stress
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physiology in the development of altruism (Miller & Hastings, 2016).
However, so far altruistic behavior following acute stress has yet
to be studied with experimentally controlled designs in children. In
order to address this gap, the current study investigated children's
altruism utilizing a biopsychosocial design by (a) measuring individual
differences in stress physiology and (b) experimentally manipulat-
ing exposure to stress and access to parental support prior to the

stressor.

1.1 | Altruism following acute stress in adulthood
Although the effects of acute stress on altruistic behavior have not
been experimentally investigated in children, a number of studies
have been conducted in adults. Historically, stress was theorized to
trigger exclusively antisocial behaviors, leading Cannon to label the
stress response the “fight-or-flight” response (Cannon, 1932). Seven
decades later, Taylor and colleagues proposed that humans can
also respond to stress with “tend-and-befriend” behaviors, includ-
ing increases in altruism and social affiliation (Taylor et al., 2000).
Originally proposed as a behavioral response specific to females,
“tend-and-befriend” tendencies have been subsequently docu-
mented in males after stress (von Dawans et al., 2012; Singer et al.,
2017; Taylor, 2006).

The evidence for tend-and-befriend behavior following stress
exposure in adults so far has been mixed, including evidence of ei-
ther increased or decreased altruism in the aftermath of stress. For
example, following exposure to an acute social stressor, adult males
have been found to exhibit increased sharing behavior (von Dawans
et al., 2012; Tomova et al., 2017), and to be more likely to donate
to charity (Sollberger et al., 2016). Increased sharing has also been
found in adult females exposed to acute stress (von Dawans et al.,
2019). In contrast to these findings, decreased sharing and reciproc-
ity have also been observed following acute stress exposure among
adult males (Steinbeis et al., 2015; Vinkers et al., 2013). The limited,
and somewhat mixed, evidence so far suggests the existence of in-
dividual differences that may explain this heterogeneity. This pos-
sibility is supported by evidence from the developmental literature
linking altruism to individual variation in stress physiology, particu-

larly autonomic nervous system (ANS) functioning.

1.2 | Stress physiology and altruism

Prosocial behaviors, and altruism specifically, have been linked to
both baseline and reactivity levels of ANS functioning. Baseline (i.e.,
resting) levels of ANS physiology measure trait-like characteristics
that reflect an individual's propensity to respond to and engage with
environmental challenge or threat (Laborde et al., 2017). By con-
trast, ANS reactivity reflects a state-like characteristic of how an
individual responds to a specific environmental challenge or task.
Because reactivity measures are context-dependent, they need to
be interpreted with consideration of the specific contextual demands

Research Highlights

e Children exposed to an acute social stressor exhibited
increased altruistic donation behavior compared with
controls.

e The availability of parental support prior to the acute
stressor led to altruistic donation behavior similar to
controls.

e Moderate baseline cardiac autonomic balance (CAB)
predicted increased altruistic donation behavior com-
pared with low or high levels of CAB.

(Laborde et al., 2017). For example, during threat exposure physi-
ological responding should be expected, and therefore greater reac-
tivity may reflect an adaptive response (Porges, 2007). By contrast,
during mild social interactions high levels of physiological reactivity
may reflect an overreaction, and therefore suggest a maladaptive
response (Beauchaine et al., 2007; Hastings et al., 2008).

Physiological profiles characterized by more moderate baseline
levels, or more flexible reactivity during social engagement, have
been associated with greater prosociality and altruistic behavior
(Miller, 2018). For example, 4-year-old children with more moderate
baseline parasympathetic nervous system (PNS) activity have been
found to engage in greater altruistic donation behavior, compared
with either low or high baseline PNS activity (Miller et al., 2017). One
explanation for this finding is that engaging in altruistic behavior re-
quires flexibly attending to others’ distress, and then calmly shifting
the attention away from one's own needs toward someone else's.
Because of this, baseline PNS activity that is too high might prevent
recognizing and attending to someone else's distress, whereas base-
line PNS activity that is too low might result in an overreaction to
the distress in others, impeding other-focused altruistic responding
(Miller et al., 2017). Moderate baseline PNS activity has also been
associated with greater parent-reported prosociality in 7-year-old
children (Zhang & Wang, 2019) and preschoolers (Clark et al., 2016),
and greater self-reported prosociality in children aged 4-7 years
(Miller et al., 2017).

Evidence from studies of autonomic reactivity supports the pre-
viously discussed explanation for why moderate baseline parasym-
pathetic activity predicts greater altruism or general prosociality. For
example, patterns of greater parasympathetic withdrawal while de-
ciding how much to donate to charity and greater parasympathetic
augmentation (i.e., recovery) while making the subsequent donation
have been associated with greater donation amount among pre-
schoolers (Miller et al., 2015). This again suggests that costly helping
requires initial physiological responding to the social challenge, fol-
lowed by a return to calm during engagement with the social chal-
lenge. In addition, more flexible parasympathetic reactivity during
an emotional film clip has been associated with greater observed
sympathetic concern and prosocial behavior during a simulated ac-
cident paradigm (Miller et al., 2016), further suggesting that flexible
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physiological engagement is an important component underlying in-
dividual differences in prosocial and altruistic behaviors.

Less is known about the relation between sympathetic nervous
system (SNS) activity and children's costly helping (i.e., altruism).
However, SNS activity has been previously linked to general social
and emotional functioning in youth and adults, albeit in inconsistent
patterns. For example, higher baseline sympathetic activity has been
associated with more externalizing problems in middle to late child-
hood (Bubier et al., 2009). By contrast, higher baseline sympathetic
activity has also been linked to greater behavioral warmth in early
adolescence (Diamond & Cribbet, 2013). Sympathetic reactivity
studies have also revealed mixed results. For example, greater SNS
reactivity has been associated with less self-reported sympathy and
teacher-reported prosociality among kindergarteners (Eisenberg
et al., 1996; Holmgren et al., 1998), and less peer-reported proso-
ciality among 6-year-olds (Kalvin et al., 2016). By contrast, greater
SNS reactivity has been linked to less anti-social behavior (bullying),
and greater observed prosociality among pre-adolescents and ado-
lescents (Diamond & Cribbet, 2013; Lambe et al., 2019), as well as
greater altruism in adults (Hein et al., 2011). These conflicting results
may be due to heterogeneity of methodology. Alternatively, they
may reflect a similarly quadratic relation between SNS activity and
prosocial behavior; whereby some amount of sympathetic recruit-
ment is necessary for attending to social interactions, but too much
SNS recruitment may interfere with an individual's ability to engage
in calm, other-oriented, prosocial behavior.

A large portion of the developmental psychophysiology research
presented so far has focused on investigating either the SNS or the
PNS. However, there is added value in studying both branches of
the ANS (i.e.,, parasympathetic and sympathetic) simultaneously
(Quigley & Moore, 2018). Studying a single branch of the ANS in
isolation cannot inform us of the other branch, as the PNS and SNS
do not always work in perfect opposition (Berntson et al., 1991). In
addition, if both parasympathetic and sympathetic activities are in-
volved in flexibly mobilizing internal resources to facilitate altruistic
responding, then testing how these systems function in combination
is an important next step in researching the physiological correlates
of altruism (Hastings et al., 2014, 2015). One promising method for
capturing the activity of both ANS branches is the use of autonomic
space indices, such as cardiac autonomic balance (CAB; Berntson
et al., 1991, 2008). CAB can be calculated from simultaneous re-
cordings of PNS and SNS modulation of the heart, providing a mea-
sure of the relative contribution of each ANS branch to autonomic
regulation of cardiac activity (Berntson et al., 2008). In youth sam-
ples, differential CAB has been linked to psychopathology, such as
post-traumatic stress (Cohen et al., 2020) and depression (Bylsma
et al., 2015). However, we are not aware of any past research into
the relation between CAB and altruism in children.

The hypothalamic-pituitary-adrenocortical (HPA) axis has also
been previously implicated in prosocial behavior. Specifically, higher
baseline salivary cortisol, an index of HPA activity, has been associ-
ated with more empathic responding among 6-year-olds (Apter-Levi
et al., 2016). Additionally, several adult studies have looked at the

relation between HPA activity in response to an acute stressor, and
subsequent altruism following the stressor, though results so far are
mixed. One study found a positive relation between HPA reactivity
to acute stress and altruism following the stressor (Sollberger et al.,
2016), though most studies have found no relation (Brown et al.,
2009; von Dawans et al., 2012; Simons et al., 2017). To clarify these
inconsistent findings, it is important to test alternative models of the
relation between HPA reactivity to acute stress and altruism. For ex-
ample, quadratic models can test if moderate HPA responding pre-
dicts greater altruism. In addition, it would be important to extend
the limited research base to include children. Finally, the “tend-and-
befriend” hypothesis (Taylor, 2006) proposed that variation in ANS
and HPA physiology may help explain altruistic behavior post-stress.
Thus, a more nuanced investigation into the relation between stress
physiology before and during an acute stressor, and the subsequent
altruistic behavior may help determine if differential activation of
these stress systems explains acute stress effects on altruism (i.e.,
tend-and-befriend tendencies), or if baseline levels of activity repre-

sent an individual difference measure that predicts altruism.

1.3 | Social support and altruism

In child and adolescent correlational studies, perceived availabil-
ity of social support has been positively correlated with several
measures of altruism, such as self-reported altruistic tendencies
(de Guzman et al., 2012), and observed sharing behavior (Ensor &
Hughes, 2010), as well as general prosocial behavior (Cauce et al.,
1994; Ochi & Fujiwara, 2016; Stewart & Sun, 2004). Yet, the imme-
diate availability of social support may not be related to behavior
in the same way as the general sense that one has supportive re-
lationships. We are aware of only one experimental study that has
looked at social support and prosocial behavior. In this study, the
use of social support-priming photos was not significantly associated
with prosocial behavior among preschoolers (Brett, 2017), but it is
possible that a social support-priming paradigm is not salient enough
to affect subsequent behavior. Experimental manipulation of social
support during stress tasks has been shown to affect physiological
stress reactivity in children, such that children randomly assigned to
receive parental support prior to an acute stressor exhibit reduced
stress reactivity (Hostinar et al., 2014), a concept commonly referred
to as social buffering (Hennessy et al., 2009). Currently we are not
aware of any study that has examined how social support might in-
fluence the effect of acute stress on altruistic behavior, but given
the “tend-and-befriend” hypothesis, provision of social support in

stressful situations may be expected to influence altruistic behavior.

1.4 | Hypotheses

In line with previous evidence for a “tend-and-befriend” post-stress
response, we hypothesized that children would exhibit increased al-
truistic behavior following an acute social stressor, compared with
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a control condition. We also hypothesized that altruistic behavior
would be predicted by individual differences in autonomic function-
ing. Specifically, in line with previous evidence that a more moderate
physiological profile predicts greater altruism, we expected to find
a quadratic relation between baseline CAB and donation behavior,
such that moderate baseline CAB, representing relative balance be-
tween the ANS branches, would predict increased altruism across
conditions. In addition, we hypothesized that stress reactivity dur-
ing the acute stressor would predict altruistic behavior following the
stressor, such that greater altruism would be predicted by (a) more
moderate levels of CAB during the acute stressor and the altruism
task, while controlling for baseline levels of CAB, and (b) more mod-
erate cortisol reactivity during the acute stressor. Lastly, we hypoth-
esized that availability of social support would influence the effect
of acute stress on altruism, though it should be noted that this as-
pect of the study was largely exploratory. Given previous findings of
positive associations between social support and prosocial behavior
(Ensor & Hughes, 2010), we considered it possible that receiving so-
cial support in the laboratory would lead to increased altruistic be-
havior. Alternatively, considering social buffering, where availability
of social support leads to decreased stress reactivity (Hostinar et al.,
2014), and the positive association between cortisol and altruism
found in one study (Sollberger et al., 2016), we also considered it
possible that availability of social support would lead to less altruism

following threat.

2 | METHODS

2.1 | Participants

This study included 181 children recruited from the Sacramento-
Davis area through the University of California, Davis Participant
Pool system, and advertisements on Facebook. One participant
withdrew from the study shortly after arrival at the laboratory, be-
fore providing any data involved in the current analysis. The final
sample consisted of 180 children (50.6% male, 49.4% female based
on sex assigned at birth; 50% identified as boys, 48.9% as girls, and
1.1% as non-binary; Mean age = 9.91 years, SD = 0.57), each with
an accompanying parent (165 mothers and 15 fathers). Phone in-
terviews were conducted to screen for exclusion criteria, which in-

cluded developmental disorder, chronic health condition, speech or

language disorder, and currently taking psychotropic or steroid med-
ication. This analysis was part of a larger study examining the social
and emotional development of children. The study was approved
by the Institutional Review Boards of the University of California-
Davis and the State of California Committee for the Protection of
Human Subjects. Upon completion of the study, participants were
given $90, and an opportunity to keep an additional $10 used in the
donation task.

2.2 | Procedure

Experiments were performed in late afternoon (time of arrival
ranged from 1:00 p.m. to 2:30 p.m.). Upon arrival at the laboratory,
informed consent was obtained from the participant's parent or
guardian, and informed assent was obtained from the participant.
An hour after arrival, participants were attached to an ambulatory
electrocardiograph (ECG) for the collection of autonomic physiology
data, described in a following section. Participants were randomly
assigned to one of three stress conditions involving the Trier Social
Stress Test-Modified for children (TSST-M), an acute social stressor
(please see description in the next section): (a) in the alone condi-
tion (n = 60), participants prepared for the TSST-M speech in a room
alone, (b) in the parent condition (n = 59), participants prepared for
the TSST-M speech in a room with a parent or guardian (53 mothers
and 6 fathers), who was instructed to provide any assistance or sup-
port that felt natural to them, and (c) in the control condition (n = 61),
participants engaged in a stress-free placebo version of the TSST-M.
Fifteen minutes following the TSST-M or placebo, participants en-
gaged in an altruistic donation task, as described below. For a time-

line of the study visit, please see Figure 1.

2.3 | Trier social stress test—modified (TSST-M)

The TSST-M is a modified version of the Trier Social Stress Test
(TSST) acute social stressor for adults (Kirschbaum et al., 1993),
which was specifically designed to elicit a mild stress response in
children in this age range (Yim et al., 2010). The TSST-M procedure
utilized in the current study has been previously described in detail
(Alen et al., 2020). Briefly, the procedure consisted of the follow-
ing steps: participants were told that they had 10 min to prepare a
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speech that would be evaluated by judges. After the 10-min prepa-
ration period, participants were taken to a novel room where there
were two judges and a video camera. The participant then engaged
in a 5-min speech followed by a 5-min arithmetic subtraction task.
Judges refrained from showing facial affect or providing feedback to
the child during the process.

Children randomly assigned to the control condition engaged in
a placebo TSST-M that consisted of the following steps: participants
were informed that they were part of a stress-free comparison group
and were asked to spend 10 min thinking about their favorite book
or movie. Following this 10-min period, participants were taken to
a novel room where they engaged in 5 min of friendly conversation
about the chosen book or movie with the experimenter. The partici-
pants were then asked to play a Sudoku game (level: easy) for 5 min;
participants were told that their performance on the Sudoku was

not important.

2.4 | Measures

Demographic information was obtained from parent questionnaires,
which included child age, sex, and family income. Family income was
indexed as yearly family income from jobs.

2.4.1 | Respiratory sinus arrhythmia

Respiratory sinus arrhythmia (RSA) is a measure of the beat-to-beat
changes in heart rate, within the normal heart rate fluctuations as-
sociated with respiration (Berntson et al., 1997). RSA is often used
to index parasympathetic nervous system (PNS) modulation, via the
vagus nerve, of cardiovascular activity (Laborde et al., 2017). RSA
was collected with a MindWare ambulatory electrocardiograph
(ECG), using three silver electrodes with a 7% chloride wet gel at-
tached to the child's chest. RSA data were collected as part of a
larger physiology data collection procedure, including a 5-min base-
line period, a 10-min TSST-M preparation period, a 10-min TSST-M
task period, a cognitive task period, and an altruism task period;
current analyses focused on the baseline, TSST-M or placebo task,
and altruism periods. Baseline RSA data were collected in a seated
position on a comfortable couch prior to administering the TSST-M
instructions. Participants were instructed to not engage in any activ-
ity, to refrain from speaking to their parent, who was present, and to
attempt to relax for the 5-min duration.

Interbeat Interval (IBl) data were calculated using an automated
algorithm in the MindWare Biolab acquisition software. A high-
frequency band pass filter set at 0.23-0.50 Hz was used to corre-
spond to the breathing rate of this age range (Shader et al., 2018).
Sampling rate was set at 250 Hz. R-peaks were inspected and cleaned
for artifacts by trained researchers using MindWare Heart Rate
Variability software. Arrhythmias (i.e., ectopic beats, sinus pauses)
were corrected using the MindWare mid-beat function, which av-
erages the IBI interval and minimizes the influence of artifacts. RSA

was calculated, using a Fast Fourier transformation algorithm, in
60-s epochs (Bernston et al., 1997). A 60-s epoch was considered
usable when it met two criteria: (a) at least 30-s of clean, contin-
uous data were available, and (b) less than 10% of R-peaks were
estimated (e.g., using the mid-beat function). Manual inspection of
peak breathing rate within each 60-s epoch ensured that participant
breathing rate did not fall outside of the high-frequency band pass
filter range. RSA during the individual 60-s epochs was then aver-
aged together within each task, producing mean RSA values for the
(a) baseline, (b) TSST-M, and (c) altruism tasks. Twenty participants
were missing RSA data for one or more tasks due to ECG technical
malfunction (n = 7), participant request to remove ECG electrodes
(n = 5), participant declining to participate in the task (n = 5), and less
than 30-s of clean, continuous data available (n = 3); this resulted in
RSA data being available for: baseline (n = 173), TSST-M (n = 166),
and altruism task (n = 164).

2.4.2 | Pre-ejection period

Pre-ejection period (PEP) was utilized as a marker of sympathetic
activity, where shorter PEP is reflective of greater SNS modulation
of cardiac activity (Berntson et al., 2004). PEP was calculated from
cardiac impedance data measured concurrently to ECG data collec-
tion using a MindWare ambulatory device (MindWare, Westerville,
OH). Four silver electrodes with a 7% chloride wet gel were attached
to the child's chest and back in standard configuration (Sherwood
et al., 1990). The impedance signal was used to derive dZ/dt, the
first derivative of the change in thoracic impedance. PEP was de-
fined as the amount of time in milliseconds between the Q-wave of
the ECG signal and the B-notch of the dZ/dt signal (Berntson et al.,
2004). For the identification of the B-notch, we employed an estima-
tion method recommended by Lozano et al. (2007). Specifically, the
B-notch was estimated using a percentage of the R-peak to Z-peak
interval (RZ interval) in milliseconds plus a constant set at 4 millisec-
onds: B-notch = 0.55*RZ interval +4, (Lozano et al., 2007). Current
analysis focused on PEP data during (a) a seated baseline period, (b)
the TSST-M, and (c) the altruism task. Thirty-nine participants were
missing PEP data for one or more tasks for the following reasons:
impedance cardiogram technical malfunction (n = 13), less than 30 s
of clean data available (n = 16), participant request to remove im-
pedance electrodes (n = 5), and participant declining to participate
in task (n = 5). This resulted in PEP data being available for baseline
(n=159), TSST-M (n = 151), and altruism task (n = 148).

2.4.3 | Cardiac autonomic balance

Cardiac autonomic balance (CAB) is a widely used metric that re-
flects the relative contributions of each branch of the ANS (i.e.,
sympathetic and parasympathetic; Quigley & Moore, 2018). CAB
values were calculated from simultaneous recordings of RSA and
PEP using the method previously described by Berntson et al.
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(2008). RSA and PEP values within each task were first z-scored
to account for their different scales. RSA is positively related to
parasympathetic activity, whereas PEP is negatively related to
sympathetic activity. We therefore multiplied z-scored PEP (zPEP)
by -1, so that both indices would be positively related to activ-
ity of their respective ANS branch. CAB was then calculated as
a difference score: CAB = zRSA-(-zPEP). CAB values were calcu-
lated for: baseline, TSST-M, and the altruism task. To test both
linear and quadratic associations between CAB and altruism, we
(@) mean-centered CAB values, which served as a linear term, and
then (b) calculated the square of the mean-centered values to yield
a quadratic term.

244 | Salivary cortisol

Saliva samples were collected via passive drool and stored at -80°C
until being shipped for assaying. Saliva was collected every 20 min
for a total of 8 samples (minutes after arrival at laboratory: 10,
30, 50, 70, 90, 110, 130, and 150). Samples were assayed at the
Salimetrics’ SalivaLab (Carlsbad, CA) using the Salimetrics Salivary
Cortisol Assay Kit (Cat. No. 1-3002), without modifications to the
manufacturer's protocol. Samples were assayed in duplicate and av-
eraged. Intra-assay coefficient of variation (CV) was excellent (4.6%),
as was the inter-assay CV (6%). Cortisol data were missing for one
participant due to researcher error, resulting in complete cortisol
data available for N = 179 participants.

The current analysis utilized cortisol reactivity, which was in-
dexed through change in cortisol from sample 4 (taken directly be-
fore administration of the TSST-M or control condition) to sample 6
(taken 20 min following the TSST-M or control condition). Sample 4
included 3 outliers (above 4 SD from the mean); sample 6 included 2
outliers. Outliers were Winsorized to the highest value within 4 SD
from the mean. Winsorized cortisol values were log-transformed to
correct for positive skew. Cortisol reactivity was then calculated by
subtracting sample 4 from sample 6, such that higher values repre-
sent greater increases in salivary cortisol from pre-TSST-M to 20 min
post-TSST-M.

2.5 | Altruistic donation behavior

Altruistic donation behavior was measured using a modified version
of a donation task previously used in studies on childhood altruism
(Miller et al., 2015, 2017). The current paradigm is almost identical
to the original, with the exception of the prize: we provided partici-
pants with cash instead of prize tokens to make this more devel-
opmentally tailored for 9- to 10-year-olds. Approximately 15 min
following the end of the TSST-M or placebo, the donation task was
administered. During the donation task participants were informed
that in addition to the monetary compensation they were told earlier
that they would receive for the day ($90), because they had done
such a great job on the day's tasks they had been awarded an extra

$10, presented to them as 10 one-dollar bills in an envelope with
their name on it. The following prompt was then given: “Wow, that's
pretty amazing. But you know what? | have another job too. Sometimes
I'm here working with kids like you, but sometimes | work in a hospital
where there are a lot of children who are sick. | know they'd like to be able
to come here and play our games, but they can't because they're sick and
in the hospital. If you want to, you could share some of your dollars with
the sick kids, so they can buy some games for themselves too. It's up to
you. You could share all of your dollars, or some of them, or none of them.
It's up to you.” Participants were then presented with a donation box
with a logo for St. Jude's Children's Hospital on it. To minimize social
desirability bias, the camera was turned off and participants were
left alone in the room to complete the task. After participants’ de-
parture at the end of the visit, the experimenter recorded the num-
ber of dollars donated in the box, which constitutes our dependent
measure. One participant declined to participate in the altruism task;
as such, donation data were available for N = 179 participants.

2.6 | Statistical analysis

Bivariate correlations and descriptive analyses were performed
using Statistical Package for Social Sciences (SPSS) version 26.
Regression analysis was performed using RStudio version 1.3.959,
running the Lavaan package version 0.6. To test the effect of ex-
perimental condition on donation behavior, we conducted a multiple
linear regression using two dummy coded variables representing the
effect of the alone condition compared with controls, and the par-
ent condition compared with controls. Donation values exhibited
moderate positive skew (skewness = 0.85, SE = 0.18); values were
therefore square root transformed. Transformed donation values
were approximately symmetrical (skewness = -0.27, SE = 0.18;
Bulmer, 1979). Square root transformed donation data were uti-
lized in all analyses. However, study results were comparable using
non-transformed data, and inferences were the same. The following
demographic covariates were included in the model, due to previ-
ous research linking these variables to altruism: age, sex, and family
income (Hastings, Miller, & Troxel, 2015; Miller et al., 2015). Family
income was z-scored before entering it into the model.

To test the relation between individual differences in autonomic
physiology and donation behavior, we conducted a stepwise linear
regression. In step 1 we entered condition effect variables, covari-
ates (age, sex, family income), and baseline CAB linear and quadratic
terms in the model. In step 2, we added linear and quadratic terms
for CAB values during the TSST-M task. Lastly, in step 3, linear and
quadratic terms for CAB values during the donation task were in-
cluded in the model. In line with standard practice, CAB values were
mean-centered prior to calculating quadratic terms.

Lastly, we tested salivary cortisol reactivity as a predictor of
donation behavior in a separate model. Donation values (square
root transformed) were regressed on salivary cortisol reactivity.
Quadratic terms for cortisol reactivity were included in the model.
Cortisol reactivity values were mean-centered before calculating
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quadratic term. Dummy-coded condition effects, age, sex, and fam-

ily income were included as covariates.

2.6.1 | Missing data handling

A Little's MCAR test was nonsignificant, chi-square = 75.27,
df = 72, p = 0.37, consistent with a missing completely at random
(MCAR) pattern. Due to missingness in CAB data, we employed
Full Information Maximum Likelihood (FIML), which allowed us to
utilize all available data. FIML is superior to multiple imputation in
accounting for missing data (Enders & Bandalos, 2001). However,
inferences were identical using either FIML or list-wise deletion

for missing data handling.

2.6.2 | Exploratory analysis

Post hoc exploratory analysis was conducted to investigate rela-
tions between subjective stress and altruism, and between emotion
regulation and altruism. For complete methods and descriptions of
measures utilized in exploratory analysis, please see online supple-
mental material.

3 | RESULTS

Sample characteristics and demographics are presented in Table 1.
The bivariate correlation matrix is presented in Table 2.

3.1 | TSST-M manipulation check

A previous report with non-overlapping analyses based on this sam-
ple (Parenteau et al., 2021) revealed a significant increase in cortisol
for children in the alone condition and in the parent condition, and
their cortisol reactivity was significantly greater compared with that
of controls (see Figure S1). In addition to these prior analyses, we
found evidence of expected autonomic reactivity to the TSST-M.
Linear regression predicting CAB during the TSST-M, controlling
for baseline CAB, revealed significant negative effects of being in
the alone condition compared with controls, B = -0.83, SE = 0.19,
p < 0.001, and in the parent condition compared with controls,
B = -0.80, SE = 0.19, p < 0.001. A negative effect of the TSST-M
on CAB reflects a shift in autonomic balance toward sympathetic
dominance. Significant condition effects on subjective stress were
also observed. Specifically, while controlling for baseline subjective
stress levels, greater subjective stress was reported by children in
the alone condition, compared with controls (B = 2.41, SE = 0.16,
p < .001), and by children in the parent condition, compared with
controls (B = 2.23, SE = 0.16, p <0.001; see Figure S2). These results
suggest that the TSST-M was successful in eliciting a stress response
for both biological and subjective stress measures.

TABLE 1 Sample characteristics and study descriptives

M SD Range
Donation Amount 3.50 2.92 0-10
©)
Age in years 991 0.57 9.03-11.10
Family income ($) 121,886 58,391  2,500-
200,000
Baseline RSA 6.62 1.15 3.83-9.33
Baseline PEP 79.74 10.04 42.67-106.80
Baseline CAB 0.02 1.44 -3.96-3.64
TSST-M RSA 5.71 1.17 2.91-9.15
TSST-M PEP 78.66 9.44 41.09-103.20
TSST-M CAB 0.02 1.54 -4.13-3.67
Altruism RSA 5.73 1.14 3.13-9.07
Altruism PEP 78.12 9.51 40.00-105.00
Altruism CAB 0.003 1.47 -4.18-3.51
Cortisol Reactivity ~ 0.10 0.29 -0.46-1.06
Level N %
Sex Male 91 50.6
Female 89 49.4
Race Non-Hispanic 115 64.2
White
Mixed race/ 43 24.0
ethnicity
Asian 10 5.6
Other race/ 11 6.2
ethnicity

Abbreviations: CAB, cardiac autonomic balance; PEP, pre-ejection
period; RSA, respiratory sinus arrhythmia; TSST-M, Trier Social Stress
Test—modified for children.

3.2 | Effects of acute stress on altruism

Linear regression results (presented in Table 3) revealed a signifi-
cant positive effect of being in the alone condition, compared with
controls, on donation amount, B = 0.32, SE = 0.16, p = 0.047, 95% Cl
[0.004, 0.63]. Children in the alone condition donated more money
than children in the control condition (see Figure 2). Children in the
parent condition did not significantly differ in donation amount com-
pared with controls, B = 0.11, SE = 0.16, p = 0.49. In addition, re-
sults revealed a significant positive relation between child age and
donation behavior, with older children donating more than younger
children across conditions, B = 0.41, SE = 0.11, p < 0.001, 95% Cl
[0.19, 0.64].

3.3 | Associations between stress
physiology and altruism

Step-wise linear regression results, testing associations between
CAB and donation amount, are presented in Table 4. In step 1, re-
sults revealed a nonsignificant linear estimate for baseline CAB in
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TABLE 3 Experimental condition effects on donation behavior

95% 95%
Predictor B SE p-value CILL CIUL
Alone TSST-M 0.32 0.16 0.047 0.004 0.63
condition
Parent TSST-M 0.11 0.16 0.49 -0.21 043
condition
Age 0.41 011  <0.001" 019 0.64
Sex (female) 0.15 0.13 0.26 -0.11 0.41
Family income 0.001 0.07 0.98 -0.13 0.13

Control condition served as reference group for estimating effects of
Alone TSST-M and Parent TSST-M conditions.

Abbreviations: CI LL, lower limit of the 95% confidence interval; Cl UL,
upper limit of the 95% confidence interval.

*p < 0.05.
**p < 0.01.

predicting donation amount, B = -0.04, SE = 0.05, p = 0.48, and a
significant and negative quadratic estimate, B = -0.08, SE = 0.02,
p < 0.001, 95% CI [-0.12, -0.04], suggesting an inverse U-shaped
curve (see Figure 3). The estimated peak of the inverse U-shaped
curve was at the baseline CAB value of -0.21 (0.17 SD below the
mean). A region of significance analysis, utilizing the Johnson
Neyman technique (Miller et al., 2013), revealed that donation
amount increased with increasing baseline CAB values up to -0.87
(0.63 SD below the mean), and, consistent with an inverted U pat-
tern, decreased as baseline CAB values increased above 0.40 (0.26
SD above the mean).

In step 2, CAB from the TSST-M segment was included in the
model and revealed a nonsignificant linear estimate, B = 0.04,
SE =0.07,p =0.59,and a nonsignificant quadratic estimate, B=0.002,
SE = 0.03, p = 0.93. In step 3, CAB during the donation task was

added to the model and also revealed a nonsignificant linear esti-
mate, B = -.04, SE = 0.05, p = 0.48, and a nonsignificant quadratic
estimate, B = -0.04, SE = 0.05, p = 0.48. In the final model, with all
CAB values included, the baseline CAB quadratic estimate remained
significant (p = 0.004).

Linear regression testing the relation between salivary cortisol
reactivity and donation behavior found no significant linear or qua-
dratic relation between cortisol reactivity and donation behavior.
Specifically, results from this model revealed a nonsignificant linear
estimate, B =0.05, SE = 0.29, p = 0.86, and a nonsignificant quadratic
estimate, B =0.64, SE=0.57,p = 0.26.

3.4 | Exploratory analysis

Results from our exploratory analysis predicting donation amount
from subjective stress levels revealed a nonsignificant linear esti-
mate, B = 0.01, p = 0.95, and a nonsignificant quadratic estimate,
B = -0.03, p = 0.54. Exploratory analysis of the relation between
emotion regulation and altruism revealed a nonsignificant associa-
tion between emotion regulation and donation amount, B = 0.002,
p = 0.87. In addition, the interaction terms were nonsignificant
between the alone condition and emotion regulation, B = 0.01,
p = 0.80, and between the parent condition and emotion regulation,
B =-0.03, p =0.50, suggesting emotion regulation did not moderate

the effect of acute stress on donation amount.

4 | DISCUSSION

The current study aimed to investigate the influence of acute

stress on altruistic donation behavior in late childhood, a period of
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TABLE 4 Stepwise linear regression predicting donati;n amount from cardiac autonomic balance
Step 1 Step 2 Step 3

Predictor B SE p-value B SE p-value B SE p-value
Alone TSST-M condition 0.36 0.15 0.02° 0.39 0.16 0.02" 0.40 0.16 0.01
Parent TSST-M condition 0.05 0.15 0.76 0.08 0.16 0.63 0.10 0.17 0.57
Age 0.46 0.11 <0.001" 0.45 0.11 <0.001" 0.45 0.11 <0.001"
Sex (female) 0.15 0.13 0.25 0.15 0.13 0.23 0.16 0.13 0.22
Family income 0.01 0.06 0.94 0.01 0.06 0.91 0.01 0.06 0.89
CAB baseline linear -0.04 0.05 0.45 -0.07 0.08 0.37 -0.08 0.08 0.29
CAB baseline quadratic -0.08 0.02 <0.001" -0.08 0.03 0.005" -0.08 0.03 0.004"
CAB TSST-M linear 0.04 0.07 0.59 0.06 0.09 0.51
CAB TSST-M quadratic 0.002 0.03 0.93 0.01 0.03 0.83
CAB Altruism linear -0.01 0.09 0.95
CAB Altruism quadratic -.01 .04 .87

Abbreviations: CAB, cardiac autonomic balance; TSST-M, Trier Social Stress Test—modified for children.

*p < 0.05.
**p < 0.01.
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FIGURE 3 Scatterplot showing quadratic relation between
children's donation amount and baseline cardiac autonomic balance
(CAB). Shaded area represents 95% confidence interval

increasing autonomy. While previous research has produced some-
what inconsistent results, a growing body of evidence suggests that
following acute stress adults can exhibit increased altruistic behav-
ior (von Dawans et al., ,2012, 2019; Sollberger et al., 2016; Tomova
et al.,, 2017), a behavioral response to stress previously described
as “tend-and-befriend” (Taylor et al., 2000). Considering these past
findings, we hypothesized that following an acute social stressor,
children would similarly engage in increased altruistic behavior,
measured through amount of dollars donated to charity.

Consistent with this hypothesis, we found that children exposed
to the TSST-M tended to donate more of their “extra earnings” to
charity compared with controls. We also discovered that this in-
crease in altruism post-stress was specific to children who spent
10 min alone and did not receive social support from a parent while

preparing for the TSST-M speech; children who were with their
parent and received social support from a parent were not signifi-
cantly different from children in the non-stress condition in their
donation behavior. This additional finding is in line with previous
evidence suggesting a positive association between stress reactivity
and altruistic behavior (Sollberger et al., 2016), and reduced stress
reactivity among children who receive support from their parents
(Gunnar & Hostinar, 2015). It is possible that stress-related biologi-
cal or cognitive mechanisms increasing the donation amount in the
alone condition were inhibited by the availability of parental support
in the parent condition. Consistent with this notion, previous stud-
ies have documented that social behavior following acute stress de-
pends on the type or intensity of the stressor utilized (von Dawans
et al., 2018; Potts et al., 2019). By drawing on the supportive pres-
ence of a primary caregiver and attachment figure, it is possible that
the TSST-M in the parent condition was experienced by children as a
milder stressor, and therefore failed to significantly affect donation
behavior. It is also possible that children who received support from
their parents may have retained their extra earnings to share with
their parent.

Discovering that children in the alone condition donated the
most provides evidence for “tend-and-befriend” behavior after
acute stress and suggests that these prosocial behavioral responses
to stress are present in childhood. Theories on why humans might
engage in this behavior often point to the survival benefits associ-
ated with being a social species: in times of threat, humans band to-
gether for support to increase their individual survival odds (Taylor,
2006). Being alone for 10 min may also activate needs to become
reintegrated within the social group, shifting social decision-making
toward altruistic patterns. Theoretically, a social-affiliative stress
response may be particularly important in childhood, when being
kind to others in times of threat could result in increased protection
and benevolence from others, increasing survival odds. Alternative
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explanations for “tend-and-befriend” behavior have also been pro-
posed, including that prosociality is pursued for its stress-mitigating
effects (von Dawans et al., 2012; Harbaugh et al., 2007) or that
it may occur due to increased impulsivity following acute stress
(Yousseff et al., 2012).

Results from our analysis of autonomic, endocrine, and subjec-
tive measures of stress reactivity suggest that increased altruism
following acute stress cannot be explained by differences in stress
reactivity. Neither autonomic nor cortisol reactivity was associ-
ated with donation behavior, consistent with the majority of past
studies in adults (von Dawans et al., 2012, 2019; Steinbeis et al.,
2015). Similarly, our exploratory analysis found no relation between
participant-reported subjective stress and donation behavior. In
addition, while controlling for either biological or subjective stress
measures during the TSST-M, the effect of condition on donation
amount remained significant. Future research could benefit from as-
sessing stress-induced changes in additional neurobiological markers
implicated in altruism, such as oxytocin (Heinrichs & Domes, 2008)
or brain activity in the mesolimbic-striatal brain region (Moll et al.,
2006; Zaki & Mitchell, 2016), to help clarify the biological mediators
for this effect. Future studies could also benefit from including an
alone non-stress condition, in addition to the parent present non-
stress condition utilized in the current study. This would facilitate
disentangling the effects of being alone for 10 min from those of
the subsequent stressor, thus testing the possibility that the alone
condition is socially isolating and may be driving these effects inde-
pendently of the stressor. Debriefing interviews with children could
also be added in future research to probe children's motivations and
cognitions during the donation task, and ask them whether they re-
tained their “extra earnings” to share with their parent in the parent
condition.

While we did not observe associations between stress reactivity
and altruistic behavior, we did find evidence that trait-level individ-
ual differences in CAB predicted altruistic behavior. Specifically, we
found that baseline CAB showed a negative quadratic relation with
donation amount, such that baseline CAB values closer to zero pre-
dicted increased donation amount compared with greater absolute
values (i.e., high negative or high positive values). These findings are
consistent with recent evidence that autonomic indices can exhibit
inverse U-shaped associations with altruism and general prosocial
behavior (Kogan et al., 2014; Miller et al., 2017; Zhang & Wang,
2019). Past findings have been limited to single branch measures of
the ANS, primarily focusing on parasympathetic activity (e.g., RSA);
the current study expanded upon this by looking at dual-branch
measures of autonomic activity. There is increasing interest in au-
tonomic balance derived from simultaneous recordings of PEP and
RSA (Quigley & Moores, 2018). Our findings are the first to highlight
the utility of CAB, derived from simultaneous recordings of the para-
sympathetic and sympathetic activities, in understanding individual
differences in children's altruism.

An inverse U-shaped relation between baseline CAB and altru-
ism, with a peak near zero, suggests that greater altruistic behavior is
predicted by balance of the two ANS branches. These findings may
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be explained in a similar manner as previously observed relations be-

tween moderate and flexible parasympathetic activity and greater
prosociality (Miller, 2018). A physiological profile characterized by
high parasympathetic and low sympathetic activity (i.e., high CAB)
may prevent a person from attending to and recognizing distress in
others. On the other hand, a physiological profile characterized by
low parasympathetic and high sympathetic activity (i.e., low CAB)
may predispose an individual toward overreactions during challeng-
ing social situations, interfering with the process of directing internal
resources toward others. Balance between these two systems may
help someone react just enough to facilitate engagement, without
becoming overwhelmed. Hastings et al. had previously hypothesized
that moderate coactivation of both ANS branches could be associ-
ated with greater prosociality (2014); the current study is the first to
provide evidence in support of this hypothesis.

Interestingly, the inclusion of baseline CAB in the models in-
creased the effect size estimate for the effect of acute stress on
donation behavior, suggesting that the effect of acute stress on
altruism may be more easily detected once we account for indi-
vidual differences in trait-level autonomic physiology. Trait-level
autonomic physiology may represent an important foundation upon
which differences in altruistic responding to threat develop. For in-
stance, children with moderate baseline ANS activity may be more
amenable to socialization processes that encourage them to display
an altruistic response under stress.

Consistent with the notion that altruism is shaped by socializa-
tion processes, we found that donation behavior was positively as-
sociated with child age. This is consistent with substantial evidence
from past studies showing that older children tend to exhibit more
prosocial behavior compared with younger children (Fehr et al.,
2008; Li et al., 2013; Miller et al., 2016; Sutter & Kocher, 2007). We
did not find a significant relation between sex and altruism, which
is in contrast to some studies documenting greater prosociality in
girls compared with boys (Krevans & Gibbs, 1996; Miller et al., 2015,
2016). It has been suggested that sex differences in prosociality
may be stronger when self or other-reported, compared with when
observed behaviorally (Hastings et al., 2005), and may be stronger
when the prosocial behavior is public, compared with anonymous
(Carlo et al., 2003), potentially reflecting societal expectations for
gender norms (Clarke-Stewart & Parke, 2014). The altruism measure
in the current study was behavioral and the participant was alone
during the donation task, which may explain why no main effect of
sex was observed.

This study contributes important evidence toward a more com-
plete understanding of human social behavior following acute stress
exposure. However, there are some limitations that future studies
should address. Firstly, this study may be limited by its relatively high
SES sample. Previous studies have documented SES-altruism asso-
ciations using either family income (Miller et al., 2015) or parental
education level (van ljzendoorn et al., 2010). It is possible that the
lack of a relation between family income and altruism in the cur-
rent study is due to the low variability within our sample of primar-
ily middle to higher SES children. Future studies could benefit from
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testing tend-and-befriend behavior within a more diverse sample of
children.

In addition, our results may be limited by our study design, which
lacked more fine-grained CAB data within the altruism task. By
turning off the camera during the altruism task, we were unable to
separate RSA and PEP activity during the empathy induction period
(i.e., story about sick children) from the donation decision period to
investigate ANS activity changes during the task. While turning the
camera off was important for reducing social desirability bias, future
studies could benefit from having the children press a button after
the empathy induction narrative and after the donation decision oc-
curs. The use of a computer program for donation behavior could be
employed for this purpose; however, this could potentially reduce
ecological validity.

Lastly, our results may be limited by our age range. Previous
research has found that parental support is less effective at buff-
ering stress reactivity among adolescents as compared to children
(Hostinar et al., 2015). It is therefore possible that the current results
may not generalize to older youths. Future research should replicate
these findings with a sample that includes both children and adoles-
cents to directly test moderation by age or pubertal status. Future
research with an adolescent sample could also benefit from testing
how peer support might influence the effect of stress on altruism.

Despite these limitations, this study has several strengths. This
is the first study to document “tend-and-befriend” behavior in chil-
dren using random assignment to acute stress exposure. The exam-
ination of sex differences also contributes novel information. This
study also utilized an altruism paradigm with high ecological validity;
being asked to donate or share money is a situation that children
may find themselves in during their normal lives. In addition, this
was the first study to investigate the influence of CAB on donation
behavior. Although more research is needed to fully elucidate the
biological and cognitive mechanisms involved, this study adds to
existing evidence that differential autonomic activity at rest may
predict altruistic behavior in various contexts and highlights the
added value of testing quadratic relations between physiology and
behavior and incorporating indices of both ANS branches in social-
emotional research. Considering the health and psychological bene-
fits of altruism (Benson et al., 2007), a comprehensive understanding
of the individual and contextual level predictors of altruistic behav-
ior among children is an important goal for developmental science.
More specifically, an altruistic stress response in children may have
important implications for treating stress disorders or mitigating the
deleterious effects of acute stress. For example, providing children
with opportunities for prosocial engagement following stressful
situations may take advantage of inherent “tend-and-befriend” ten-
dencies, resulting in better coping. Observing altruistic responding
to stress in childhood suggests this is a developmental period when
altruism could potentially be nurtured and promoted. Considering
the societal consequences of individual decisions to either band
together or remain self-focused during times of national or global
threat, a better understanding of altruism during threat is of great

societal value.
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