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Neural responses to perceived pain in others predict real-life monetary donations in
different socioeconomic contexts
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Empathy has been proposed to be a proximate mechanism underlying altruistic behavior. However, both
empathy and altruistic behavior differ between human individuals with low and high socioeconomic status.
Here we investigated whether subjective socioeconomic status (SSS) modulates the relationship between
neural activity to perceived pain in others and human altruistic behaviors in a real-life situation. After being
scanned using functional MRI while observing videos of others in pain, participants were invited to make an
anonymous monetary donation to a charitable organization. Painful stimuli increased activity in the inferior
frontal, insula and somatosensory cortices compared to non-painful stimuli. A hierarchical regression analysis
revealed that neural responses to perceived pain predicted the amount of monetary donations with different
patterns in high and low SSS individuals. Stronger neural responses to perceived pain were associated with
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evidence that objective SES influences human traits, cognition,
behaviors (Kraus et al., 2009; Snibbe and Markus, 2005; Stephens et
al., 2007). Individuals' objective SES correlates with one's capability of
empathy (Jolliffe and Farrington, 2006) and prosocial behaviors
(Champion and Sear, 1969; Eisenberg et al., 2001; Piff et al., 2010).
Moreover, objective SES modulates the relationship between empa-
thy and altruism as such relationship was greatly weakened after
controlling for objective SES (Jolliffe and Farrington, 2004). Recent
studies have shown that objective SES not only influences human
behaviors but also modulates the underlying neural mechanisms
(Hackman et al., 2010). For example, an event-related brain potential
study found that children from low objective SES families showed
reduced effects of selective attention on neural processing compared
to those from high SES families (Stevens et al., 2009). Amygdala
responded more strongly to threatening facial expressions in low than
in high objective SES adults (Gianaros et al., 2008). An early study
suggested that objective SES may influence social behaviors by
moderating the underlying neural mechanisms as a weaker testos-
terone-behavior relationship was reported in high than in low
objective SES individuals (Dabbs and Morris, 1990).

Subjective socioeconomic status (SSS) refers to subjective assess-
ments of one's relative socioeconomic status in society and can be
measured using a typical SSS scale (e.g., a drawing of a ladder with 10
rungs, Kilpatrick and Cantril, 1960). It has been proposed that SSS
represents a cognitive average of standard markers of SES, including
elements representing an assessment of current and future prospects
(Singh-Manoux et al., 2003). SSS is both a social and an economic
phenomenon and may be a better measure of SES at the individual
level than a single objective indicator of SES (Jackman, 1979; Singh-
Manoux et al., 2005). Indeed, it has been shown that the association
between health and SSS may be as strong as the association with
traditional objective SES measures (Wilkinson, 1999) and that SSS
may be more consistently and strongly related to health-related
factors compared to objective indices of SES (Adler et al., 2000;
Operario et al., 2004).

To our knowledge, there has been no research that directly
assesses whether and how SSS influences the empathy–altruism
relationship. The current work tested the hypothesis that SSS
moderates the relationship between neural activity to perceived
pain in others and real-life altruistic behavior. Individuals with high
and low SSS were scanned using fMRI while they watched video clips
of others receiving painful stimulation (needle penetration) or non-
painful stimulation (cotton Q-tip touch). The neural activity to
perceived pain was defined by contrasting painful versus non-painful
stimulation. A real-life one-shot charitable donation was conducted
after the scanning procedure. We first showed that perception of
others in pain increased activity in the insula, inferior frontal (IF) and
the secondary somatosensory cortices (SII), similar to previous
findings (Han et al., 2009; Jackson et al., 2005; Saarela et al., 2007;
Singer et al., 2004, 2006; Carr et al., 2003; Gu et al., 2010; Shamay-
Tsoory et al., 2009). A hierarchical regression analysis was then
conducted to evaluate whether neural responses to perceived pain in
others predicted the amount of monetary donations in different ways
in high and low SSS individuals.

Materials and methods

Participants

Thirty-three participants (16 females; age range: 19–27 years,
mean age±SD=22.4±2.0 years) were recruited in this study. All
participants were right-handed, reported no history of neurological or
psychiatric diagnoses, and had normal or corrected-to-normal vision.
Informed consent, approved by a local ethics committee, was obtained
prior to the study.

Stimuli and procedure

Stimuli consisted of 48 video clips showing faces or hands of six
models (3 males). Each video clip subtended a visual angle of
21.4°×17.1° (width×height) at a viewing distance of 80 cm and
lasted for 3 s. Each clip depicted a neutral face or a hand receiving
painful (needle penetration) or non-painful (Q-tip touch) stimulation,
which was applied to the left or right cheek, or to the left or right
hand. After each video clip, participants were instructed to judge
whether the models in the video clips felt pain when their faces or
hands were stimulated by a button press using the index or middle
fingers. The correspondence between the stimulus type and respond-
ing fingers was counterbalanced across participants.

Each session consisted of painful or non-painful stimuli. Each
participant finished a functional scan of 8 sessions, with 4 painful
sessions and 4 non-painful sessions. An 8 s prompt screen with
instructions was presented at the beginning of the functional scan.
Each session lasted 36 s and consisted of 6 trials showing 6 video clips
(3 face-video and 3 hand-video clips). Each trial consisted of a 3 s
video clip and followed by a 3 s fixation. Two subsequent sessions
were intervened by a 10 s fixation. Different sessions were presented
in a random order across participants. The functional scan lasted
390 s. A high-resolution T1-weighted structural image was obtained
after the functional scan. After the scanning procedure, participants
were asked to complete questionnaires and behavioral
measurements.

Data acquisition and analysis

Behavioral measurements
Participants were asked to complete the Interpersonal Reactivity

Index (IRI) (Davis, 1996) to measure self-reported empathic abilities.
A typical SSS scale (Kilpatrick and Cantril, 1960) was used to measure
participants' SSS. Participants were given a drawing of a ladder with
10 rungs with the instruction: “Imagine that this ladder with 10 rungs
represents where people stand in our society. At the top of this ladder
are the people who are best off – those who have the most money,
highest education, and best jobs. At the bottom are the people who are
the worst off – those who have the least money, lowest education, and
the worst jobs or no job. Please mark the rung that best represents
where you think you stand in the society.”

To measure participants' real altruistic behaviors, rather than self-
report of altruistic tendency, we asked participants to make a
monetary donation to a real charitable organization. Participants
were provided with a written description of the charity, which
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sequence (256×256×144 matrix with 1.0×1.0×1.3 mm3 spatial
resolution, TR=2530 ms, TE=3.37 ms, flip angle=7°).

fMRI data analysis
The fMRI data were analyzed using Statistical Parametric

Mapping (SPM2, the Wellcome Trust Centre for Neuroimaging,
London, United Kingdom). The functional images were realigned to
correct for head motion. Six movement parameters (translation; x, y,
z and rotation; pitch, roll, yaw) were included in the statistical
model. The anatomical image was co-registered with the mean
functional image produced during the process of realignment. All
images were normalized to a 2×2×2 mm3 Montreal Neurological
Institute (MNI) template. Functional images were spatially smoothed
using a Gaussian fi
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activity between individuals with high and low SSS. However, these
observations do not necessarily indicate that SSS has nothing to do
with empathy and altruistic behavior. In contrast, our fMRI results
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