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Diana E. Gal-Szaboa, Rebecca H. Bergera, Jingyi Xua and Sonya Xinyue Xiao a

aT. Denny Sanford School of Social and Family Dynamics, Arizona State University, Tempe, USA; bDepartment of Psychology, Arizona State
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ABSTRACT
Empathy has been a key focus of social, developmental, and affective neuroscience for some time.
However, research using neural measures to study empathy in response to social victimization is
sparse, particularly for young children. In the present study, 58 children’s (White, non-Hispanic; five
to nine years old) mu suppression was measured using electroencephalogram methods (EEG) as
they viewed video scenarios depicting social injustices toward White and Black children. We found
evidence of increased mu suppression in response to social victimization; however, contrary to
well-documented findings of ingroup racial bias in empathic responses among adults, we found no
evidence of racial bias in mu suppression in young children. Implications of these findings for
neuroscience research on empathy and the development of ingroup bias are discussed.
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Children’s empathy-related responding and prosocial
behavior toward distressed others has been a focus of
considerable research (Eisenberg, Spinrad, & Knafo-
Noam, 2015). However, this work has largely employed
reported or behavioral methods. In the present research,
we used a neural marker of empathic responding, mu
suppression, to explore how children respond to others’
social victimization. A large body of research using EEG
has shown that mu suppression, a decrease in power in
the mu frequency band typically at 8–13 Hz among
adults and at lower frequencies among children
(Berchicci et al., 2011), is linked to activation of the
sensorimotor cortex (Arnett, Roach, Elzy, & Jelsone-
Swain, 2019; Hari, 2006; Kuhlman, 1978; Pfurtscheller &
Aranibar, 1979) and specifically, a mirror neuron system
(MNS) that responds to action observation in the
absence of motor activity (Pineda, 2005; Puzzo, Cooper,
Cantarella, & Russo, 2011). Further, several neuroscience
studies have linked increases in mu suppression to the
experience of empathic sensorimotor resonance during
observation of others experiencing unpleasant stimuli or
events (Cheng, Chen, & Decety, 2014; Fabi & Leuthold,
2017; Fan, Chen, Chen, Decety, & Cheng, 2014; Lamm,
Decety, & Singer, 2011; Lepage & Théoret, 2006;
Meidenbauer, Cowell, Killen, & Decety, 2018; Woodruff,
Martin, & Bilyk, 2011; Yang, Decety, Lee, Chen, & Cheng,
2009). Thus, mu suppression may represent a relatively
direct means of empathic assessment. However, to our

knowledge there is scant research using this neural mar-
ker to assess vicarious responses to social victimization,
and none that assesses this in children.

Social neuroscience researchers have described chil-
dren’s empathy as a multifaceted construct that involves
both automatic and controlled processes that interact
with one another across development (see Decety,
Meidenbauer, & Cowell, 2018, for a review). Certain
facets of empathy, particularly affective components
(which were the focus of this study), are thought to
emerge in the first few years of life, increase over time,
and tend to remain stable (in terms of individual differ-
ences) over time. Researchers have also tied neurologi-
cally measured empathy to moral behavior such as
sharing and helping (Cowell & Decety, 2015; Decety
et al., 2018).

However, previous investigations of empathic
responses in children have paid little attention to the
recipient of children’s empathy. In particular, we focused
on White children’s empathy toward same- and other-
race (i.e., Black) children. It is important to understand
children’s empathy to other-race children because chil-
dren as young as three years of age demonstrate
ingroup racial favoritism (Renno & Shutts, 2015). Thus,
studying children’s neurological activity responses to
different targets of concern may be especially useful in
understanding children’s empathy toward diverse
others. This study focused on White children specifically
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because they represent the majority group regarding
power and privilege in the U.S. currently. Detecting
bias in empathy toward in-group members could poten-
tially uncover a form of favoritism that perpetuates
inequity between majority and minority groups in the
U.S. (Applebaum, 2016, June 09).

Previous neuroimaging research with adult subjects
has implicated greater empathic sensorimotor
responses to racial in- vs. outgroups across a variety of
paradigms in EEG using mu suppression (Gutsell &
Inzlicht, 2010, 2012, 2013) and beta oscillations
(Riečanský, Paul, Kölble, Stieger, & Lamm, 2015), trans-
cranial magnetic stimulation (TMS; Avenanti, Sirigu, &
Aglioti, 2010), and fMRI (Xu, Zuo, Wang, & Han, 2009).
Moreover, a racial empathic bias has been reliably found
across paradigms and in multiple stages of empathic
responding (see Chiao & Mathur, 2010). Although the
majority of this work has used white participants (Fabi &
Leuthold, 2017; Gutsell & Inzlicht, 2010; Riečanský et al.,
2015), other research has utilized Black, East Asian, South
Asian, and Chinese participants specifically (Aventanti
et al., 2010; Gutsell & Inzlicht, 2012; Xu et al., 2009)
with results showing similar ingroup biases. Yet no
work, to our knowledge, has measured this phenom-
enon in children.

To address this gap in the literature, we examined
children’s mu suppression in response to developmen-
tally appropriate video scenarios depicting injustices
against racial ingroup (White, Non-Hispanic) and racial
outgroup (Black) children. Our first research question
pertained to whether the video portrayals would be
emotionally evocative (e.g. elicit mu suppression) to
social injustices. Second, we tested whether children
would show greater mu suppression toward same- ver-
sus other-race victims.

Method

Participants

Children were part of a larger sample (n = 99) in a study
investigating children’s empathy and prosocial behavior
approved by the University Internal Review Board
(Protocol number STUDY00004912). Because our aim
was to study race-related biases in empathy among the
majority population in the U.S., all children were White
and Non-Hispanic. Parents of 74 children provided con-
sent for the EEG portion of the study, although 12 chil-
dren refused to participate in the EEG portion, and four
children did not have useable data. Useable EEG data
were acquired for 58 children (46% female, age range
5.34–8.56 yrs, M = 6.97, SD = .88). In this sample, mother
and father education levels ranged from high school

(3.5%, 7%) to PhD or equivalent (12%, 20%), with the
most prevalent level of education being a bachelor’s
degree (39%, 46%). Yearly family income ranged from
less than $30,000/year (2%) to over $100,000/year (53%),
with this highest category being the most prevalent in
this sample. One-way ANOVAs showed that children
included in the sample did not significantly differ from
the 41 children who did not have usable EEG data on all
demographic variables.

Procedures

After obtaining consent, a Cognionics Quick-20 Dry EEG
cap with 20 electrodes was fitted to each child. Because
analyses were planned exclusively at central and parietal
electrodes, impedence levels for only these electrodes
(C4, Cz, C3, P4, Pz, P3) were monitored andmaintained at
a standard of “good” for a high-impedence system
(quantified by Cognionics software as < 5000 kΩ).
Children watched a series of four films (counterbalanced;
ranged between 33–76 seconds) that depicted a social
injustice against a child victim. Films were shown over
the course of an approximately 1.5 hour lab visit with
breaks in between each film to perform other neutral
tasks as part of a larger study. Scripts for each film were
professionally written and school-aged child actors
(many recruited from local acting theater groups) audi-
tioned and were cast for each role in the films.
Participants watched two films each with either
a White or Black victim who were matched for partici-
pants’ sex. The films involved scenarios where the per-
petrator was always White. In one scenario, “Art Project,”
a child shows a peer his/her art project to be displayed at
a school art show. Another child, overhearing the con-
versation, teases the child and ruins the project by pour-
ing milk on it. A similar film, “Uh Oh OJ” depicts a child
having lunch with a peer. Another child, overhearing
their conversation, teases the child and pours orange
juice on the child’s shirt. In a third film, a child is teased
by two children for wearing an unusual shirt (“New
Shirt”), and the fourth film depicts a child being teased
by another child about his/her new haircut (“Haircut”). In
response to the injustice, the victim in the film expressed
sadness.

In order to determine whether mu suppression chan-
ged during the victimization segment of the video, we
compared it to a neutral segment selected from the
beginning of each film clip. Specifically, for each film,
we created a neutral episode (i.e., the period prior to the
victimization) and a victimizing episode, except one
(“New Shirt”) in which victimization started at the begin-
ning of the film. For this film only, we used the first
10 seconds of the film as the neutral episode, with the
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rationale that the plot became more evocative over the
course of the film and that 10 seconds was a minimum
length for comparison. These episodes were selected by
independent coders. See Table 1 for video lengths and
duration of victimization periods.

EEG acquisition, post-processing, and
quantification

The Cognionics Quick-20 Dry EEG Headset1 was used to
record online EEG at a sampling rate of 500 hz and using
an online bandpass filter of .1 – 100 hz and filtered
offline using a bandpass filter of .5–40 hz.2 Because we
were focused on spectral power and did not have an
EOG to identify blinks, we performed no artifact rejection
outside of filtering during pre-processing. We performed
spectral decomposition using Morlet wavelet convolu-
tion and averaged power values across all time points
within a four hertz-window beginning at a frequency
identified as typical for children of the age range in the
study (6.67–10.77 hz; Berchicci et al., 2011). Specifically,
the power spectrum of the EEG signal was multiplied by
the power spectrum of the set of complex Morlet wave-
lets (Herrmann, Grigutsch, & Busch, 2005).

ei2πtf
e�t2

2σ2

where t is time, f is frequency, which increased from 2 to
40 Hz in 40 logarithmically spaced steps, and σ defines
the width of each frequency band, set according to n/
(2πf), where n is the number of wavelet cycles, and
increased from 4 to 10 in logarithmic steps], and the
inverse fast Fourier transform was then taken. This trans-
formation was performed on each of the victimization

and neutral segments of each video. From the resulting
complex signal, an estimate of frequency-band-specific
power at each time point was defined as the squared
magnitude of the result of the convolution {real[z(t)]2
+ imaginary[z(t)]2}. All power values in the time-
frequency representation were normalized to the aver-
age pretrial baseline power at each frequency band. We
used a decibel (dB) transform for normalization [dB
power = 10 × log10 (power/baseline)]. We then took
the average power value across time within the 6.67 to
10.77 Hz window (Berchicci et al., 2011) for each seg-
ment of the video at each of the six electrodes to index
mu (for C3, Cz, C4) and alpha (for P4,Pz, and P4),
respectively.

Power values were taken separately during the neu-
tral and victimization portions of the video at central (Cz,
C3, C4) electrodes to index mu suppression (Braadbaart,
Williams, & Waiter, 2013; Fox et al., 2016; Hager, Yang, &
Gutsell, 2018; Langeloh et al., 2018; Perry, Stein, & Bentin,
2011) and parietal (Pz, P3, P4) electrodes to index visual
alpha-rhythms to distinguish between MNS related mu
suppression and alpha (Hager et al., 2018; Langeloh
et al., 2018). Among the mean power values for each
electrode/video/timing combination that was available
from each participant (e.g. mean power value of the
neutral portion of the “New Shirt” video at electrode Cz
for participant 10; total 2928 values), we iteratively
removed outliers that exceeded three standard devia-
tions above/below the mean of each electrode/timing
combination, including all available videos per partici-
pant. This technique was performed until convergence,
resulting in the removal of approximately 4.4% of the
available data. Next, both data missing naturally from
the experiment and data removed as outliers were
imputed by variable (Video x Timing x Electrode), creat-
ing 20 separate sets of imputed data with 5 iterations for
each set. We averaged these 20 imputed data sets for
the final data set. The means of imputed variables chan-
ged less than .02% on average, suggesting the imputa-
tion was unbiased.

Results

To assess whether the videos’ depictions of social victi-
mization generated mu suppression in response to the
films, we ran repeated measures ANOVAs with 4 video
conditions by 2 victimization conditions (neutral vs. vic-
timization) by 2 electrode locations (average of [Cz, C3,
C4], average of [Pz, P3, P4]). Results showed a significant
main effect of electrode location in which central sites

Table 1. Video lengths.
Victimization Period Total Duration

Video Name Males Females Males Females

Art Project
Black 32 43 53 65
White 39 45 64 76

Haircut
Black 14 13 36 36
White 15 13 40 42

New Shirt
Black 10 10 33 37
White 10 10 35 38

Uh Oh OJ
Black 25 29 50 40
White 18 30 35 46

Victimization period and total duration for each of the four films separated
by gender and race of the actors in the films. Victimization periods began
at the time stated (in seconds) and continued until the end of the film,
thus, the portions of the film from the start until those times were used as
the neutral portions of the analysis.

1For more information, see http://cognionics.com/index.php/32-uncategorised/94-quick-20-dry-headset-2.
2All pre-processing and spectral decompositions were performed using MATLAB 2018b.
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showed greater (i.e. more negative) suppression of
power in the mu band (M = −2.88, SE = .173) overall
compared to parietal sites (M = −2.32, SE = .181), F
(1,57) = 19.749, p < .001, η2 = .238. This finding suggests
that the videos elicited activity specific to mu rhythms
that are separable from alpha oscillations typically
recorded at more parietal sites. There was also a main
effect of victimization, such that mu suppression was
significantly increased while watching the victimization
portions of the videos (M = −2.73, SE = .180) compared
to the neutral episode (M = −2.47, SE = .176), F
(1,57) = 4.24, p = .044, η2 = .069). Critically, this main
effect was qualified by a significant interaction between
victimization and location, F(1,57) = 8.10, p = .006,
η2 = .124. This interaction (see Figure 1) reinforces the
idea that changes from pre-victimization to the victimi-
zation portion of the video were due to changes in mu
activity, rather than alpha activity.3

To examine whether mu suppression differed
depending on the race of the victim, we used a 2
(Victimization: neutral vs. victimization) x 2 (Victim race:
White vs. Black) x 3 (Electrode location: C3, Cz, C4)

repeated measures ANOVA. This model replicated the
main effect of victimization, F(1, 57) = 9.26, p = .004,
η2 = .142, and revealed a main effect of location, sug-
gesting that mu suppression was greatest at Cz
(M = −3.34, SE = .221) compared to C3 (M = −2.82,
SE = .214) and C4 (M = −2.47, SE = .182), F
(2,114) = 9.99, p < .001, η2 = .149. The interaction
between victim race and victimization was non-
significant, F(1,57) = .04, p = .844, η2 = .001, as was the
three-way interaction between victim race, victimization,
and electrode location, F(2,114) = .03, p = .975, η2 < .001.
These results suggest that the video depictions of victi-
mization elicited neural responses indicative of empathy
among children and that this empathy was independent
of the race of the victims.4

Discussion

The first goal of this study was to examine whether the
films depicting social empathy situations would elicit mu
suppression in a sample of young children. Results
showed that the video depictions of social injustices (i.e.

Figure 1. (a) Difference between neutral and victimization mu power at central sites compared to parietal sites, indicating mu band
specificity. (b) Participants showed equally strong mu suppression in response to social victimization of both White (same) and Black
(different) race children.
** p < .01, *p < .05.

3Emotional expressions using children’s facial data were collected and coded during the pre-victimization portion of the film (“pre”) and during the
victimization portion as part of the larger design of this study. Children expressed significantly more facial sadness (pre M = .021, SD = .07, vic M = .131,
SD = .23; t = 1.37, p < .05), anger (pre M = .046, SD = .17, vic M = .076, SD = .15 t = −1.97, p = .05), and concerned attention (pre M = .057, SD = .23,
vic M = .132, SD = .24 t = −3.47, p < .05) during the victimization portions of the films compared to the pre segments.

4Age and sex effects were analyzed by systematically combining mu suppression measures across orders, individual films, and race of victim and then running
ANOVAs by child sex and age to compare mu suppression. Results showed that there were no consistent significant differences in mu suppression by age or
sex.
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being teased or being victimized) evokedmu suppression
responses in young children. This finding is broadly con-
sistent with research showing that neurophysiological
methods can be used to capture empathic responses in
young children (Cheng et al., 2014), and that neural
empathic responses can be observed in responses to
social as well as physical pain (Beeney, Franklin, Levy, &
Adams, 2011; Flasbeck & Brüne, 2019; Masten, Morelli, &
Eisenberger, 2011; Meyer et al., 2013; Novembre, Zanon, &
Silani, 2015). To our knowledge, the present work is the
first demonstration of mu suppression in response to
observed social victimization in young children.

Our second goal was to assess ingroup biases in
neural empathic responses among White children.
Interestingly, there were no differences in mu suppres-
sion in response to social victimization as a function of
the victim’s racial group. This finding is contrary to evi-
dence of ingroup bias in sensorimotor responses in
adults (e.g. Chiao & Mathur, 2010). This discrepancy
highlights the need to investigate neural empathic
responses through middle childhood and adolescence
to understand the timing and development of racial
ingroup bias in neural empathic responses. Future stu-
dies should replicate our finding across developmental
stages and varying social scenarios to address the devel-
opmental trajectory of bias and to understand the
mechanisms that may underlie ingroup biases in chil-
dren’s responses to others’ negative experiences.

This study does have limitations. First, although our
design was well-powered for an EEG study, given the
unexpected nature of the results regarding racial bias in
empathy, it would be worthwhile to replicate the pre-
sent study both with children and with adult partici-
pants. This is especially important given a recent null
finding of racial bias in empathy among adults when
observing in/outgroup members’ hands experiencing
painful vs. neutral stimulation (Fabi & Leuthold, 2017).
To our knowledge, racial bias in empathy has not been
assessed among adults in response to social victimiza-
tion, hence more work is needed to understand the
development of this phenomenon overall. One possibi-
lity which the present work thus cannot rule out is that
racial empathic bias may not be present in terms of
sensorimotor activation throughout the lifespan,
although it appears to be robust for a variety of other
neural indicators.

Notably, this study was conducted with White, pre-
dominately middle to high SES U.S. children and there-
fore results cannot be generalized to other populations.
Our findings showed that children’s mu suppression did
not differ when viewing Black andWhite children’s social
victimization, but we do not know how results would
have changed if the targets of the social victimization

would have been of a different race (e.g. Latinx, Asian),
or alternatively, how results would have differed
depending on participants’ race (e.g. Latinx participants
viewing White and Black children’s victimization) or
social economic status since this has not yet been stu-
died. This study is a first step in understanding these
complex relations, and we hope to see future research
untangle the nuances in these associations and the
meaning behind them.

Viewing children’s empathic responses to social victi-
mization is a promising line of inquiry. However, we
believe this study represents an initial foray into under-
standing the nuances and complexities of this process.
Future work should use additional advanced neurological
methods (e.g. fMRI) to assess which components of
empathic response (Decety, Meidenbauer, & Cowell,
2018), affective or cognitive, are being activated through
observation of social victimization. Findings would hold
significance relevant to the development of theory of
mind as well as the ontogenesis of moral emotions, cog-
nitions, and prosocial behavior (Cowell & Decety, 2015;
Imuta, Henry, Selcuk, & Slaughter, 2016; Uzefovsky &
Knafo-Noam, 2017). This issue is particularly true given
the ongoing debate on the utility of usingmu suppression
as a proxy for empathy measurement given some
researchers’ recent concerns that measurement of the
MNS may be confounded by other non-mirror processes
(Hoenen, Lübke, & Pause, 2017). Indeed, the complicated
interactions between sensorimotor learning and social
cognitions represent a complex system in need of much
greater investigation and explanation among children
and adults before concrete conclusions can be drawn
(Heyes, 2010; Hickok, 2009; Hobson & Bishop, 2017).

Finally, with the system we used to record EEG on
children, we were not able to remove blink and other
movement artifacts, as each participant only had one
trial in each condition, and, given the length of time of
each video, children were expected to have blinked and
fidgeted multiple times a trial, ruling out strict artifact
rejection rules (removing trials with artifacts). Whereas
this certainly is not an issue that we could readily disen-
tangle from the current analyses, we believe that the
isolation of relevant frequency bands generally outside
the range of blinks and overt motor movements, as well
as the use of the Morlet wavelet method, should help to
reduce the influence of such artifacts.

Despite these limitations, our findings highlight the
utility of mu suppression as a means of deepening our
understanding of empathy, particularly in young children,
and suggest that this neural marker may be sensitive to
social victimization among children. Although behavioral
research has shown racial biases in young children, chil-
dren in our study did not showevidence of ingroup bias in
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neural responses to social victimization. One possible
implication of this finding is that children may learn
biased behavioral scripts and explicit attitudes before
they become deeply internalized, or that such biases
may become more automatic at later stages in develop-
ment. Consistent with this idea, Meidenbauer et al. (2018)
recently found that children as young as four showed
changes in neural responses to outgroupmembers’ beha-
vior when they were shown scenarios inconsistent with
their initial ingroup bias. This finding suggests that atti-
tudes might be malleable through increased exposure to
outgroup members and their behavior. Thus, early child-
hood may represent a critical window in which interven-
tions aimed at bias reduction might be particularly viable
because it might impact the extent to which ingroup
biases become deeply engrained. Further research in
this area may afford researchers and practitioners the
opportunity to highlight kindness and social equity in
communities and classrooms at the most opportune
developmental stages.
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