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ABSTRACT

A growing literature suggests infants prefer prosocial others over antisocial others. Although recent studies have
begun to explore the neural mechanisms underlying these responses (Cowell and Decety, 2015; Gredeback et al.,
2015), these studies were based on relatively small samples and focused on distinct aspects of sociomoral
responding. The current preregistered study systematically examined infants’ neural responses both to prosocial/
antisocial interactions and to prosocial/antisocial characters, using larger samples and two distinct age groups.
We found that 6- (but not 12-) month-olds showed higher relative right frontal alpha power (indexing approach
motivation) when viewing helping versus hindering scenarios. Consistent with past EEG work, infants showed no
group-level manual preferences for the helper. However, analyses of infants’ neural responses toward images of
the helper versus hinderer revealed that both 6- and 12-month-olds showed differential event-related potential
(ERP) responses in the P400 and N290 components (indexing social perception) but not in the Nc component
(indexing attentional allocation), suggestive that infants’ neural responses to prosocial versus antisocial char-
acters reflect social processing. Together, these findings provide a more comprehensive account of infants’ re-
sponses to prosocial/antisocial interactions and characters, and support the hypothesis that both motivational
and socially relevant processes are implicated in infants’ sociomoral responding.

1. Introduction

Evolutionary theories suggest that natural selection favors the early
emergence of sociomoral evaluation in humans (Hrdy, 1999; Joyce,
2006; Sheskin et al., 2014). Consistent with this possibility, a growing
literature suggests that even preverbal infants are sensitive to socio-
moral interactions between novel third parties (for review and
meta-analysis, see Margoni and Surian, 2018). For example, in one line
of research, infants viewed live puppet shows in which a climber char-
acter tried repeatedly but unsuccessfully to reach the top of a steep hill,
and was subsequently helped (pushed uphill) or hindered (pushed
downhill) by two other characters. When presented with both the
helpful and unhelpful characters, 6- and 10-month-olds directed their
first touch to the helper rather than the hinderer (Hamlin, 2015; Hamlin
et al., 2007), and 3- and 6-month-olds looked longer at the helper than
the hinderer (Hamlin et al., 2010). Together, these results suggested that
preverbal infants may engage in rudimentary sociomoral evaluation.

Besides the “hill” scenario, infants’ preferences for prosocial versus
antisocial characters have been found using scenarios depicting other
types of prosocial/antisocial interactions (Buon et al., 2014; Geraci and
Surian, 2011; Hamlin and Wynn, 2011; Scola et al., 2015; for review, see

Holvoet et al., 2016; Margoni and Surian, 2018); these findings provide
evidence that infants’ preferences for prosocial others are robust.
Recently, there has also been an increasing interest in clarifying the
mechanisms underlying infants’ responses to sociomoral scenes. Using
behavioral paradigms, researchers have begun to illuminate whether
infants’ responses to sociomoral scenes are driven by social versus
perceptual features of the displays (Hamlin, 2015; Scarf et al., 2012; Tan
and Hamlin, 2021), whether these responses are based on the intentions
versus outcomes of prosocial/antisocial actions (Hamlin, 2013; Woo
et al., 2017), and whether and how affective processes are involved
(Steckler et al., 2018).

Although behavioral research has provided insights into the mental
processes underlying infants’ sociomoral responding, another fruitful
way of probing these processes would be to examine infants’ neural
activity as they view prosocial/antisocial events and characters. Spe-
cifically, neuroimaging techniques such as electroencephalography
(EEG) allow researchers to better elucidate the nature of mental pro-
cesses via distinct neural signatures, as well as to delineate the time
course of mental events. To date, only two studies have examined in-
fants’ neural responses to helping/hindering scenarios (Cowell and
Decety, 2015; Gredeback et al., 2015); these two studies focused on
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distinct aspects of sociomoral responding.

In one study, researchers assessed 12- to 24-month-old infants’ EEG
responses while they viewed helping/hindering events in the hill sce-
nario (Cowell and Decety, 2015). They found that infants showed
greater left (vs. right) frontal alpha power when viewing hindering (vs.
helping) scenarios. Crucially, greater left frontal alpha power has been
associated with avoidance/withdrawal motivation, whereas greater
right frontal alpha power has been associated with approach motivation
(for review, see Harmon-Jones and Gable, 2018; Reznik and Allen,
2018). The findings of Cowell and Decety (2015) therefore suggest that
antisocial (vs. prosocial) interactions elicit more avoidance/withdrawal
motivation in infants, consistent with behavioral findings that infants
are likely to subsequently avoid antisocial characters during a choice
procedure (Hamlin, 2015; Hamlin et al., 2007).

In another study, researchers explored whether socially relevant
neural mechanisms are implicated in infants’ responses to characters
who had previously acted prosocially or antisocially (Gredeback et al.,
2015). They first familiarized 6-month-olds with helping/hindering hill
events, and subsequently examined infants’ event-related potential
(ERP) responses to still images of the helper and hinderer. Infants
showed differential ERP responses to helper/hinderer images in the
P400 component, thought to be a neural correlate of social perception in
infants (Gredeback and Daum, 2015; Gredeback et al., 2015), but not in
the Nc component, thought to index domain-general, attention-related
processing (Csibra et al., 2008; Luyster et al., 2014; Nelson and Monk,
2001). The findings of Gredeback et al. (2015) therefore suggest that
infants’ responses to helpful/unhelpful characters may selectively re-
cruit socially relevant neural mechanisms.

The two studies reviewed above provide preliminary evidence that
infants’ responses to helping/hindering interactions and characters
involve approach-avoidance motivations and socially relevant pro-
cesses, offering crucial insights into the mechanisms underlying infants’
sociomoral responding. That said, these results were based on relatively
small samples (N = 14 per experiment in Gredeback et al., 2015; N = 25
in Cowell and Decety, 2015) and one included toddlers rather than in-
fants and a wide age range (12-24 months; Cowell and Decety, 2015).
Thus, it is necessary to assess the robustness of these effects with larger
and more age-specific samples. Moreover, these two studies focused on
distinct aspects of sociomoral responding (i.e., neural responses to
prosocial/antisocial interactions versus prosocial/antisocial characters)
and used different EEG measures. To provide a more comprehensive
picture of infants’ sociomoral responding, it is important to analyze
neural processes both during prosocial/antisocial events, and to proso-
cial/antisocial characters after the events occur.

The current preregistered study aimed to improve upon past research
by systematically examining infants’ EEG responses to both prosocial/
antisocial interactions and characters, using larger samples, across two
age groups, combining all measures used in prior studies. Specifically,
we familiarized both 6- and 12-month-old infants (total N = 74) with hill
helping and hindering events, and examined their frontal alpha re-
sponses during helping/hindering as well as their ERP (e.g., P400, Nc)
responses to images of the helper/hinderer. In order to better under-
stand the dynamics of infants’ neural activity throughout helping and
hindering events, we divided the scenarios into different phases and
examined frontal alpha responses during each phase. To investigate
whether infants’ responses to helpers versus hinderers recruit socially
relevant processes, we examined whether helper/hinderer images elicit
differential ERP responses in socially relevant components (e.g., P400)
versus a more domain-general, attention-related component (Nc).
Finally, following Cowell and Decety (2015), we examined whether
infants’ neural responses to prosocial/antisocial scenarios predict
manual preferences toward the helper, to potentially shed light on the
links between neural and behavioral responses. That said, we did not
expect infants to show a group-level preference for the helper (vs. hin-
derer), because past studies in which infants wore EEG caps (Cowell and
Decety, 2015) and in which a familiarization (vs. habituation) procedure
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was used (Schlingloff et al., 2020) did not find a group-level helper
preference.

2. Materials and methods
2.1. Participants

Participants were 42 6-month-old infants (22 females; mean
age=6.12 months, range=5.50 — 6.63 months) and 32 12-month-old
infants (16 females; mean age=11.96 months, range=11.50 — 12.53
months) living in a North American city. These two age groups were
selected based on Gredeback et al. (2015) (6-month-olds) and Cowell
and Decety (2015) (12- to 24-month-olds) to facilitate data comparison
across studies. All participants were full-term and healthy. Most par-
ticipants were from Caucasian and Asian backgrounds, representative of
the population in the area. For the 6-month group, an additional 33
infants were excluded because they did not meet the preregistered in-
clusion criteria (see details below) due to fussiness (N = 20), inatten-
tiveness (N = 7), technical errors (N = 5), and parental interference (N
= 1). For the 12-month group, an additional 32 infants were excluded
due to fussiness (N = 23), inattentiveness (N = 6), technical errors (N =
1), and parental interference (N = 2). These attrition rates (44% for
6-month-olds and 50% for 12-month-olds) are similar to those reported
in past ERP study using the hill paradigm (43% for 6-month-olds in
Gredeback et al., 2015) and in infant ERP studies in general (49.16%
according to a meta-analysis; Stets et al., 2012).

The target sample size (N = 32 per age group) was based on past EEG
(N = 14 in Gredeback et al., 2015; N = 25 in Cowell and Decety, 2015)
and behavioral (N = 16 in Hamlin et al., 2007; N = 24 in Hamlin, 2015)
studies using the hill paradigm, and increased to 32 to improve statis-
tical power. We ended up with 10 additional participants for the
6-month group because we kept recruiting until we had recruited
enough for both age groups. Because 12-month-olds were harder to re-
cruit, by the time we stopped recruiting for the whole project we had
more participants in the 6-month group. The decision to include these
participants was made prior to analysis. The target sample size, inclu-
sion criteria, procedure, and analysis plan were preregistered on Open
Science Framework (OSF); deviations from preregistration are described
and justified (see Supplementary Material; SM 1-2). The study was
conducted in accordance with the ethical standards of the American
Psychological Association, and data were collected with approval from
the university’s Research Ethics Board.

2.2. Procedure and stimuli

The stimuli were presented on a 23.6” LED screen (Samsung
S24B300HL; width: 1920 pixels, 22.4”, 51° visual angle; height:1080
pixels, 13.6”, 32° visual angle). Infants sat on their parents’ lap
approximately 60 cm from the computer screen in a sound-attenuated
booth. Parents were instructed to refrain from distracting infants and
to close their eyes throughout the procedure. Stimulus presentation was
controlled by an experimenter outside the booth using E-Prime 2.0
(Psychology Software Tools Inc., Pittsburgh, PA). Infants’ behaviors
were videotaped and monitored throughout the study and coded offline
after the study. Event markers were added to EEG signals when infants
looked away from the screen and looked back to the screen, and when
major body movements (e.g., crying, grabbing the EEG cap) started and
ended.

Familiarization and test trials were grouped into blocks. Each block
consisted of 3 helping and 3 hindering videos (familiarization trials)
presented in a counterbalanced order, followed by 20 helper and 20
hinderer images (test trials) presented in random order (see Fig. 1). Each
familiarization trial consisted of a “ding” sound (1000 ms), a black
screen (3000 ms), and a helping or hindering video (16,800 ms), fol-
lowed by a black screen. Each test trial consisted of an attention getter
(1000 ms), a fixation cross (jittered between 1200 and 1400 ms), and an
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Familiarization Trial

Helping/hindering video
(16800 ms)

Black screen (3000 ms)

“Ding” sound (1000 ms)

Test Trial

Helper/hinderer picture (2000 ms)

Fixation cross (1200-1400 ms

Attention getter (1000 ms)
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Black screen

Black screen

Fig. 1. Schematic diagram of the stimuli.

image showing the helper or hinderer against hill background (2000
ms), followed by a black screen. To ensure infants were attentive before
trials began, the experimenter manually advanced each trial from the
black screen.

Helping/hindering videos were created using Blender (www.
blender.org; see Fig. 2) and depicted a climber’s attempts to get to the
top of a steep hill. The climber (a red circle with eyes; diameter = 4°
visual angle) successfully climbed the first half of the hill (0-2000 ms)
and attempted twice to climb the (steeper) second half of the hill, falling
down each time (2000-9000 ms). On their third attempt, either a helper
or a hinderer (a blue square or yellow triangle with eyes; diameter ~ 4°
visual angle) entered the scene. The helper entered from the bottom of
the hill (9000-9500 ms), pushed the climber to the top of the hill
(facilitating their goal; 9500-13,000 ms), and left the scene from the
bottom of the hill (13,000-16,800 ms). The hinderer entered from the
top of the hill (9000-9500 ms), pushed the climber to the bottom of the
hill (hindering their goal; 9500-13,000 ms), and left the scene from the
top of the hill (13,000-16,800 ms). The order of helping and hindering
videos and the color/shape of the helper and the hinderer (blue square/
yellow triangle) were counterbalanced across participants. The
climber’s eyes were fixated at the hilltop during their attempts, and the
helper/hinderer’s eyes were fixated at the climber.

Participants first viewed one block of familiarization trials and test
trials. Once all the stimuli were presented, or if infants became inat-
tentive during test trials (i.e., they lost interest in viewing still images),

another block of familiarization trials (helping/hindering videos) and
test trials was presented. The stimuli were repeated until infants stopped
attending and/or became fussy; the average number of blocks presented
was 2.00 for 6-month-olds and 2.09 for 12-month-olds. Then the manual
choice task began. The experimenter entered the booth, presented the
infants with paper cut-outs of the helper and the hinderer placed 25 cm
apart on a white board, and asked “would you like to play with one?”
Infants’ choice was defined as the first character picked by infants
through a visually guided touch.

As per preregistered inclusion criteria, participants in the final
sample had 1) viewed at least 3 helping and 3 hindering videos, 2)
provided at least 60 artifact-free segments for familiarization trial
frontal alpha asymmetry analysis (Cowell and Decety, 2015; see details
below), and 3) provided at least 10 artifact-free trials for helper and
hinderer images, respectively (Gredeback et al., 2015). One 12-month--
old infant met all other inclusion criteria but had only nine artifact-free
trials (i.e., one trial short) for hinderer images. Due to the disruption of
further data collection caused by COVID-19, we decided to include this
participant in our data analysis to meet our pre-registered target. This
decision was made prior to statistical analysis, and the inclusion/ex-
clusion of this participant did not change the results of the current study.
For the 6-month age group, the average number of trials included in the
final analyses was 5.17 for helping videos, 5.24 for hindering videos,
20.14 for helper images, and 20.76 for hinderer images. For the
12-month age group, the average number of trials included in the final
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Pre-phase (0 - 9500ms)

Climber

Clim
Helper Helper

During-phase (9500 - 14000ms)

Post-phase (14000 - 16800ms)

Fig. 2. Phases of familiarization trials. Note that the identity of the helper/hinderer was counterbalanced across participants.

analyses was 5.31 for helping videos, 5.31 for hindering videos, 21.13
for helper images, and 20.59 for hinderer images.

2.3. EEG recording and data pre-processing

Infants’ neural activity was recorded using a 64-channel HydroCel
Geodesic Sensor Net' and amplified by a Net Amps 400 amplifier
(Electrical Geodesics, Inc., Eugene, OR). The signals were collected at a
sampling rate of 1000 Hz using EGI’s Net Station v5.2 software and
referenced to the vertex (Cz). Impedances of all sensors were kept below
50 kOhm. EEG signal processing was performed using MATLAB v2020b
(MathWorks, Natick, MA), EEGLAB v2020.0 (Delorme and Makeig,
2004), and ERPLAB v8.10 (Lopez-Calderon and Luck, 2014).

The pre-processing of raw EEG data followed the Maryland Analysis
of Developmental EEG (MADE) pipeline (Debnath et al., 2020). First,
raw EEG data, event markers, and channel locations were imported to
MATLAB using the MffMatlabIO EEGLAB plugin. The data were then
adjusted for anti-aliasing filter and event marker time offsets, and down
sampled to 250 Hz. A high-pass filter (0.3 Hz) and a low-pass filter
(50 Hz) were applied to the data using the FIRfilt EEGLAB plugin. Bad
channels (including data with an absolute Z score greater than 3) were
detected and removed using the FASTER EEGLAB plugin. Next, a
copy/ICA procedure (see Debnath et al., 2020 for details) was per-
formed. Specifically, we created a copy of the original data, applied a
high-pass filter (1 Hz) to the copy, and removed channels and epochs
with excessive artifacts from the copy. Independent component analysis
(ICA) was then performed on the copy, and ICA weights were transferred
back to the original data. Independent Components (ICs) that corre-
sponded to artifacts were identified using the adjusted-ADJUST script
(Leach et al., 2020) and removed from the original data. Finally, we
interpolated bad channels using spherical spline interpolation, and
re-referenced the data to the average of all sensors.

1 EGI Nets made for subjects under the age of 3 do not have built-in eye
channels.

2.4. EEG data processing for familiarization trials

After pre-processing, continuous EEG data were segmented for
helping and hindering videos from to 2000 ms prior to the video onset to
17,000 ms after the onset. The data were then visually inspected; trials
with less than 70% looking time and trials with excessive movement
artifacts were removed. The helping/hindering videos were divided into
phases (see Fig. 2), including Baseline (the black screen immediately
before the video; —2000 to 0 ms), Pre-phase (video outset to helper/
hinderer appearance, includes climber’s failed attempts; 0-9500 ms),
During-phase (helper/hinderer appearance to end of helping/hindering
action; 9500-14,000 ms), and Post-phase (end of helping/hindering
action to helper/hinderer’s exit; 14,000-16,800 ms).

For frontal alpha asymmetry analysis, the data were segmented into
500 ms windows with 50% overlap. For each segment, artifact rejection
was performed using a — 200 pV to 200 pV threshold. For the remaining
segments, power density was computed using a Fast Fourier Transform
with a Hanning window, and average power density was calculated
across segments and trials for each participant, condition (helping/
hindering), and phase (Baseline, Pre-, During-, Post-). For the 6-month
age group, the average number of usable segments was 387.14 for
helping videos and 393.49 for hindering videos. For the 12-month age
group, the average number of usable segments was 401.81 for helping
videos and 401.14 for hindering videos.

To compute frontal alpha asymmetry scores, average power density
for left (F3/E12) and right (F4/E60) frontal channels in the 5-8 Hz
frequency band was natural-log transformed, and difference scores (In
[F4]-In[F3]) were calculated. Due to the inverse relationship between
alpha power and brain activation, greater frontal alpha asymmetry
scores represent greater alpha power in the right hemisphere and greater
activation in the left hemisphere. This calculation approach has been
widely used in past research examining frontal alpha asymmetry (Buss
et al., 2003; Crespo-Llado et al., 2018; Smith and Bell, 2010). The fre-
quency band and channels were selected based on Cowell and Decety
(2015) and preregistered on OSF. Because frontal alpha asymmetry
scores represent relative spectral powers between hemispheres, the
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scores do not require baseline-correction (see Hwang et al., 2020).
2.5. EEG data processing for test trials

Pre-processed EEG data were segmented from 200 ms prior to the
onset of helper/hinderer image to 1000 ms after the onset, and baseline
corrected using the mean amplitude of the 200 ms preceding stimulus
onset. Artifact detection was performed using a —200 pV to 200 pV
threshold; trials with more than 5 channels exceeding this threshold and
trials during which infants looked away from the screen (based on video
coding) were rejected. For the remaining trials, channels containing
excessive artifacts were replaced using spherical spline interpolation.
The signals were then averaged across trials for each condition (helper/
hinderer).

Average P400 amplitude was extracted from the 250-400 ms time
window over channels in the occipitotemporal area (left hemisphere:
E31, E33, right hemisphere: E40, E38). Average Nc amplitude was
extracted from the 400-600 ms time window over channels in the
fronto-central area (E20, E15, E16, E7, E4, E54, E51, E53, E50; see
Fig. 3). The component time windows and channels were chosen based
on Gredeback et al. (2015) and confirmed through visual inspection of
grand-average waveforms (Kappenman and Luck, 2016).

As an exploratory analysis, we computed the average amplitude of
the N290 component as a supplementary measure of socially relevant
processes. The N290 is thought to be topographically and functionally
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related to the P400 component, and is sensitive to social stimuli such as
faces (for review, see Csibra et al., 2008; de Haan et al., 2003). Note that
this measure was not preregistered, but the decision to examine N290
was made prior to analysis. Average N290 amplitude was extracted from
the 150-300 ms time window, using the same channels as the P400
component. The component time window was chosen based on past
research (Halit et al., 2003; Leppanen et al., 2007; Luyster et al., 2014)
as well as visual inspection of grand-average waveforms.

2.6. Analysis plan

Statistical analyses were conducted to explore 1) whether frontal
alpha asymmetry scores differed between helping and hindering videos,
2) whether infants showed differential ERP (P400, N290, Nc) responses
to helper and hinderer images, 3) whether infants showed a group-level
preference for the helper (vs. hinderer) during manual choice, and 4)
whether infants’ helper preferences were correlated with frontal alpha
asymmetry and ERPs. For all analyses, extreme outliers were detected
using the identify outliers function of the rstatix (version 0.6.0) R
package. Values that were 3 interquartile ranges (IQRs) above the upper
quartile (75th percentile) or below the lower quartile (25th percentile)
were marked as extreme outliers and excluded from analysis. As a result,
one outlier was removed from frontal alpha asymmetry and N290 ana-
lyses (respectively), and two outliers were removed from P400 and Nc
analyses (respectively). For analyses of variance (ANOVAs), normality

Frontal alpha asymmetry channels: O

P400/N290 channels: O

Nc channels:

Fig. 3. Channels used for frontal alpha asymmetry, P400/N290, and Nc analyses.
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was tested through visual inspection of Q-Q plots of standardized re-
siduals, and violations of sphericity were corrected using the Green-
house-Geisser method.

3. Results
3.1. Familiarization Trials

To investigate whether infants’ frontal alpha asymmetry scores
differed between helping and hindering videos, we conducted a mixed
ANOVA with condition (helping, hindering) and phase (Baseline, Pre,
During, Post) as within-subjects factors, and age group (6-month, 12-
month) as a between-subjects factor. Results showed a significant
interaction between condition and age group, F(1, 71)= 4.08, p = .047,
np2 = .054. Post-hoc tests revealed that 6-month-olds’ frontal asymmetry
scores (indexing approach motivation) were higher for the helping
condition (M=0.02, 95% CI [—0.08 0.11]) than the hindering condition
(M=-0.03,95% CI [-0.13 0.07]), t(71) = 2.18, p = .03, consistent with
our hypothesis and with Cowell and Decety (2015). No condition dif-
ferences were found for 12-month-olds, {(71) = —0.77, p = .44, M pelp.
ing= 0.01, M pindering= 0.03. These results suggest that 6-month-olds (but
not 12-month-olds) showed more left frontal activation (indexing
approach motivation) when viewing helping (vs. hindering) events (see
also SM 3.1 for supplementary analysis showing that this alpha asym-
metry effect was specific to frontal channels).

To explore whether condition differences were more pronounced
during specific phases of helping and hindering events, we compared
frontal alpha asymmetry between conditions in each phase using paired
samples t-tests. When Shapiro-Wilk tests showed violations of normality,
we performed Wilcoxon signed-ranks tests instead. As shown in Fig. 4, 6-
month-olds showed significantly higher frontal alpha asymmetry for
helping (vs. hindering) in the During-phase (as the helping/hindering
actions took place), M pelping= 0.07, M hindering= —0.03, t(41) = 2.45,
p =.019, 95% CI [0.02 0.18], but not in other phases (e.g., before/after
helping/hindering), ps > 0.05. No condition differences were found in
any phases for 12-month-olds, ps > 0.05. These results suggest that 6-
month-olds showed more approach motivation when helping (vs. hin-
dering) actions took place. We will return to this issue in the discussion.

6-month-olds
0.10-
0.05- T

0.00-
-0.05-

-0.10-

Baseline Pre

12-month-olds
0.10-

o
o
o
'
—.

0.00- 1

o

o

o
1

Baseline Pre

Frontal Alpha Asymmetry Frontal Alpha Asymmetry

Condition
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3.2. Test trials

To investigate whether infants showed differential P400 responses to
helper and hinderer images, we entered P400 mean amplitudes into a 2
(condition: helping, hindering) x 2 (hemisphere: left, right) x 2 (age
group: 6-month, 12-month) mixed ANOVA. Results found a main effect
of condition, F(1, 70)= 4.83,p = .031, ;12 = .07 (see Fig. 5), a main effect
of age, F(1, 70)=13.70, p < .001, ”2 =.16, and a main effect of hemi-
sphere F(1, 70)= 10.26, p = .002, 112 =.13. No significant interactions
were found, ps > 0.05. Specifically, P400 mean amplitude was higher
for hinderer (M=5.40, 95% CI [3.53 7.27]) than helper (M=3.27, 95%
CI [1.40 5.13]) images, higher for 12-month-olds (M=7.35, 95% CI
[5.06 9.64]) than 6-month-olds (M=1.32, 95% CI [-0.97 3.61]), and
higher for the right hemisphere (M=5.46, 95% CI [3.71 7.21]) than the
left hemisphere (M=3.21, 95% CI [1.46 4.96]). Supplementary analyses
using an alternative time window for 12-month-olds (SM 3.2) and
including number of images viewed as a covariate (SM 3.3) found
similar results. These results provide evidence that images of helper and
hinderer elicited differential P400 responses in infants, and that this
effect was consistent across age groups. Considering that the P400
component is thought to be an index of social processing (Gredeback and
Daum, 2015; Gredeback et al., 2015), these findings suggest that socially
relevant neural processes are involved when infants view prosocial
versus antisocial characters. Further, higher P400 amplitudes for hin-
derer (vs. helper) are consistent with past research showing that infants
might be more sensitive to socially relevant information in entities
causing negative (vs. positive) outcomes (Hamlin and Baron, 2014; see
discussion below).

For the Nc component, a 2 (condition: helping, hindering) x 2 (age
group: 6-month, 12-month) mixed ANOVA found higher Nc mean
amplitude for 6-month-olds (M=-1.30, 95% CI [—3.16 0.56]) than 12-
month-olds (M=-8.41, 95% CI [-10.27 —6.55]), F(1, 70)= 28.90,
p < .001, 72 = .29. No main effect or interactions were found for con-
dition, ps > 0.05 (see Fig. 5). Similar results were found when the
number of images viewed was included as a covariate (SM 3.3). These
results demonstrate that infants did not show differential Nc responses
(indexing attentional allocation) when viewing helper versus hinderer
images, suggesting that the condition differences observed in the P400
component were not attributable to general attentional differences.

*
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Fig. 4. Frontal alpha asymmetry scores (right hemisphere — left hemisphere) during each phase. Greater scores are associated with higher approach (vs. avoidance)
motivation. Asterisks represent significant differences between helping and hindering events at p < .05. Error bars represent standard errors.
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Fig. 5. Grand average waveforms for the first 800 ms after the onset of helper/
hinderer images, showing the P400, N290, and Nc components over their
corresponding channels.

For the N290 component, an exploratory 2 (condition: helping,
hindering) x 2 (hemisphere: left, right) x 2 (age group: 6-month, 12-
month) mixed ANOVA found a significant main effect of age group, F(1,
71)=7.17, p = .009, 7> = .09, and a marginally significant main effect
of condition, F(1, 71)= 3.99, p = .050, 7> = .05 (see Fig. 5). Specifically,
N290 mean amplitude was higher for hinderer (M=1.34, 95% CI [—0.35
3.03]) than helper (M=-0.49, 95% CI [—2.18 1.21]), and higher for 12-
month-olds (M=2.38, 95% CI [0.34 4.43]) than 6-month-olds
(M=-1.52, 95% CI [-3.57 0.52]). Similar results were found when
the number of images viewed was included as a covariate (SM 3.3).
These results provide further evidence that infants showed differential
responses in the N290/P400 complex when viewing images of the helper
versus hinderer, supporting the idea that infants’ responses to prosocial
versus antisocial characters involve socially relevant processes.

3.3. Manual choice

To investigate whether infants showed a group-level preference for
the helper, we examined infants” manual choice between the helper and
the hinderer using binomial tests. For 6-month-olds, 15 out of the 38
infants who made a choice (4 infants did not choose) preferred the
helper over the hinderer (binomial test, p = .256). For 12-month-olds,
11 out of the 24 infants who made a choice (8 infants did not choose)
preferred the helper over the hinderer (binomial test, p = .839). The
percentage of infants choosing the helper over the hinderer did not differ
between age groups, 42 (1, N =62) = 0.05, p = .818. These results
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demonstrate that neither 6-month-olds nor 12-month-olds in the current
study showed a group-level manual preference for the helper.

3.4. Correlations between behavioral and EEG measures

To explore the relations between infants’ manual preferences and
EEG responses, we computed condition difference scores (helping -
hindering) for frontal alpha asymmetry in the During- as well as the
Post-phases of familiarization trials, and for P400, N290, and Nc mean
amplitudes during test trials. We then correlated these condition dif-
ference scores with infants’ tendency to choose the helper during
manual choice. Because visual inspection and Shapiro-Wilk’s tests
showed violations of normality in several EEG measures, we report
Spearman correlation coefficients.

For 6-month-olds, analyses found no significant correlations between
EEG measures and infants’ manual preferences for the helper, ps > 0.05.
For 12-month-olds, infants’ helper preferences were correlated with
differential frontal alpha asymmetry scores in the Post-phase, after
helping/hindering took place. Specifically, infants who showed higher
relative right frontal alpha power (indexing approach motivation) after
helping (vs. hindering) were less likely to choose the helper, r{(22)= —
0.59, p = .003 (this effect survived a Bonferroni correction: ®agjusted
=0.05/12 =0.004). Follow-up analyses revealed that this effect was
mainly driven by the helping condition. Within the helping scenario,
infants who showed higher right frontal alpha power during the Post-
phase were (somewhat) less likely to choose the helper, ry(22)= —
0.40, p =.050 (this effect did not survive a Bonferroni correction,
p > .004). No significant effects were found for the hindering scenario,
p = .593. These results suggest that infants’ manual preferences might
be related to their approach-avoidance motivation during the Post-phase
of the scenario. That said, we note that we did not find group-level
asymmetry effects in 12-month-olds, that these results were based on
a relatively small sample of infants who made a choice (N = 24), and
that infants were mostly quite fussy during the manual preference pro-
cedure (see discussion below). Hence, these effects should be interpreted
with caution.

4. Discussion

The current study used EEG to explore infants’ neural responses to
prosocial and antisocial interactions and characters. We found that 6-
month-old (but not 12-month-old) infants showed higher relative right
frontal alpha power (indexing approach motivation) when viewing
helping versus hindering. These findings provide evidence that moti-
vational processes are implicated when infants process prosocial/anti-
social interactions, and that observing helping (vs. hindering) actions
elicits more approach (vs. avoidance) tendencies in 6-month-olds, but
not 12-month-olds. Infants did not show a group-level manual prefer-
ence for the helper. However, analyses of infants’ ERP responses to still
images of the helper and hinderer revealed that both 6- and 12-month-
olds showed differential ERP responses to images of the helper and
hinderer in the P400 and N290 (indexing social processing) but not in
the Nc (indexing attentional allocation). We note that the direction of
the P400 effect was in the opposite direction of that found in Gredeback
et al. (2015). That said, these ERP results are consistent with the hy-
pothesis that infants’ reactions to prosocial and antisocial others are
supported by socially relevant neural mechanisms.

Our finding that 6-month-olds showed greater right frontal alpha
power during helping (vs. hindering) scenarios is consistent with Cowell
and Decety (2015); however, we did not replicate the same effect in
12-month-olds (see discussion below). Together, these results highlight
the importance of frontal brain activity in infants’ responses as socio-
moral events unfold. Relatedly, a recent study found that greater resting
state right frontal alpha power at 14 months predicted better under-
standing of others’ distress and empathic responding at 24 months
(Paulus et al., 2013), providing evidence for the links between frontal
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brain activity and the development of early prosocial tendencies. We
note that the high temporal resolution of EEG and the use of
phase-specific analysis in the current study allowed us to more precisely
pinpoint when differences in infants’ neural responses emerged between
conditions. Notably, significant condition differences (for 6-month-olds)
emerged in the During-phase, as the helping/hindering occurred, but
not in any other phases. This temporal specificity suggests that infants’
frontal alpha asymmetry responses were specifically evoked by proso-
cial/antisocial acts per se, as opposed to other aspects of the displays; for
example the positive versus negative outcomes caused by those acts.

How should this frontal asymmetry effect be interpreted? Past
research has shown that greater right frontal alpha in infants is associ-
ated with approach behaviors (e.g., hand reaching and positive vocali-
zation during approach of mother), and that greater left frontal alpha is
associated with avoidance/withdrawal behaviors (e.g., gaze aversion
and distress during approach of stranger) (Fox and Davidson, 1987,
1988). The results of the current study suggest that 6-month-olds exhibit
more approach tendencies as they observe prosocial (vs. antisocial) in-
teractions unfolding. One possibility is that these approach-avoidance
tendencies represent precursors of sociomoral evaluations. Specif-
ically, infants’ frontal alpha asymmetry may represent intuitive, auto-
matic approach/avoidance responses, that then feed into a
decision-making system that generates positive/negative sociomoral
evaluations and subsequent behavioral approach tendencies. This
interpretation is in line with the social intuitionist model of moral
judgments in the adult literature, which posits that moral decisions
derive from automatic/intuitive response to sociomoral scenes, but that
deliberative processes may be recruited after the fact to provide
rationalization/justification (Haidt, 2001, 2007). Alternatively, infants’
frontal alpha asymmetry could represent some outcome of (rather than
precursors to) sociomoral evaluations; that is, it could reflect that some
evaluation has already occurred. We note that the asymmetry effect
observed was specific to the During-phase as helping/hindering
occurred, suggesting that the first possibility is more likely to account for
the observed alpha asymmetry. However, supplementary analyses (see
SM 3.4) revealed that infants’ frontal alpha asymmetry during help-
ing/hindering events was unrelated to their P400, N290, and Nc re-
sponses to still images of the helper and hinderer. These findings suggest
that infants’ approach-avoidance responses during helping/hindering
events were relatively independent of their neural responses to help-
er/hinderer images, offering support for the second possibility. Future
studies should clarify the precise role of frontal alpha responses in
sociomoral evaluations, by systematically examining their time course
across distinct sociomoral contexts.

Cowell and Decety (2015) found a frontal alpha asymmetry effect in
a relatively older sample (12- to 24-month-olds; mean age=18.69
months), whereas in the current study we found the effect in 6-month--
olds but not in 12-month-olds. Although this discrepancy might be
attributable to statistical power differences due to sample size differ-
ences (N = 42 for 6-month-olds and N = 32 for 12-month-olds), visual
inspection of descriptive statistics (see Fig. 4) suggests that 12-month--
olds in the current study showed a different data pattern from 6-month--
olds. One interpretation of this age difference is that compared with
12-month-olds, 6-month-olds are more sensitive to prosocial and anti-
social interactions and so exhibit stronger frontal alpha asymmetry ef-
fects. Consistent with this idea, a meta-analysis found that the
correlations between infant resting state frontal alpha asymmetry and
maternal depression were stronger in younger (vs. older) infants (Thi-
bodeau et al., 2006), providing evidence for age differences in frontal
alpha asymmetry responses. Alternatively, 12-month-olds may process
helper versus hinderer events in some other way. Future studies should
further explore whether younger infants show stronger frontal asym-
metry responses to prosocial/antisocial interactions, and whether and
how infants’ neural responses to prosocial and antisocial interactions
change over time.

The second main goal of the current study was to explore whether
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infants’ responses to prosocial and antisocial characters are social in
nature. To this end, we examined whether images of the helper and the
hinderer elicited differential responses in neural signatures of socially
relevant processes (P400/N290) or in non-social, domain-general pro-
cesses (Nc). Results found that, across two age groups, infants showed
differential ERP responses in the P400 and N290 (the latter was
marginally significant), but not in the Nc. The fact that we found similar
patterns of data across two distinct age groups (6- and 12-month-olds)
demonstrates the robustness of these effects. This developmental con-
tinuity is consistent with behavioral findings showing that infants’ social
preferences for prosocial over antisocial characters are stable between 4
and 32 months of age (Margoni and Surian, 2018). Taken together, these
results support the hypothesis that infants’ responses to prosocial and
antisocial characters are based on socially relevant processes.

The P400 effect found in the current study was in the opposite di-
rection of that observed in Gredeback et al. (2015). Specifically, Gre-
deback and colleagues (2015) found larger P400 amplitudes when
infants viewed images of the helper versus the hinderer, whereas here
we found that infants showed larger P400 amplitudes for the hinderer
versus the helper. We note that the current study found consistent P400
(and N290) effects across two age groups and with considerably larger
sample sizes (total N = 74) than Gredeback et al. (2015) (total N = 14).
Hence, our results may represent a more reliable estimate of infants’
P400 responses to prosocial/antisocial scenarios. Furthermore, we view
our results as consistent with a larger body of ERP and behavioral
findings. For instance, past behavioral research has shown that infants
may attribute agency and goal-directedness to inanimate entities that
cause negative, but not that cause positive, outcomes (Hamlin and
Baron, 2014), suggesting that infants might also attribute relatively
more agency to animate hinderers versus helpers. As past ERP studies
have found larger P400 amplitudes when infants observe agents
engaging in functional (vs. non-functional), congruent (vs. incon-
gruent), and goal-directed (vs. non-goal directed) actions (Bakker et al.,
2015, 2016; Gredeback et al., 2010; but see Melinder et al., 2015), it
may be the P400 component reliably differentiates the amount of agency
attributed to a given agent or act. Further, our results are also consistent
with research showing that negative (vs. positive) facial expressions and
untrustworthy (vs. trustworthy) faces elicit larger P400 responses in
infants (Jessen and Grossmann, 2015, 2016; Leppanen et al., 2007),
suggestive that the P400 may distinguish negative versus positive social
stimuli more broadly. Further study of infants’ P400 responses to pro-
social/antisocial characters in additional contexts will help to better
clarify the nature of these effects.

Although both the current study and Gredeback et al. (2015) found
no Nc responses to helper/hinderer images, past research suggests that
the Nc might be sensitive to prosocial/antisocial interactions. For
instance, using a paradigm different from the hill scenario, Cowell and
Decety (2015) found that infants showed differential Nc responses when
viewing pictures depicting various types of prosocial/antisocial in-
teractions. Further, infants’ Nc responses were associated with their
helper preferences in the hill paradigm, as well as their parents’ sensi-
tivity to injustice. Taken together, these findings suggest that the Nc
component (indexing attentional processes) could be implicated in in-
fants’ processing of prosocial/antisocial interactions, whereas the P400
and N290 components might be more involved in infants’ evaluations of
prosocial/antisocial characters. Unfortunately, the design of the current
study did not allow us to test this hypothesis directly, because the
helping/hindering interactions were enacted by videos (as opposed to
pictures) and hence infants’ Nc responses (e.g., to helping/hindering
actions) would necessarily be contaminated by continuous perceptual
input from the videos. To test this hypothesis, future studies should
examine infants’ P400/N290 and Nc responses to sociomoral in-
teractions depicted by static images.

The current study did not find a group-level helper preference in
either age group. These results are consistent with some recent findings
using the hill paradigm (Cowell and Decety, 2015; Schlingloff et al.,
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2020; but see positive evidence in Hamlin, 2015; Loheide-Niesmann
et al., 2021; Tan and Hamlin, 2021). While acknowledging the in-
consistencies in infants’ helper preferences to date, we view infants’
failure in the current studies as relatively unsurprising. Indeed, in the
current study infants wore EEG caps (which may undermine behavioral
performance; see Cowell and Decety, 2015; Filippi et al., 2016), were
only familiarized (vs. habituated) to the helping/hindering interactions,
and viewed cartoon as opposed to live 3-D stimuli. Perhaps most
importantly, the manual choice task in the current study did not start
until after infants had willfully stopped attending to the stimuli, as
obtaining sufficient trials for EEG/ERP analyses was our primary goal.
That is, by the time infants entered the choice task they were already
quite inattentive and fussy; many infants failed to choose between the
characters at all. Therefore, and given recent evidence that even
younger, 5-month-old infants show visual preferences for the helper
after sufficient exposure to the very same cartoon hill stimuli in a
behavioral paradigm (Tan and Hamlin, 2021), we suspect that the
manual choice measure in the current study was not a particularly
reliable or valid measure of infants’ social preferences.

With respect to correlational analyses, we found that infants who
showed higher right frontal alpha power during the Post-phase to
helping (vs. hindering) events were less likely to choose the helper,
suggesting that infants who showed more approach tendencies when the
helper left the scene actually preferred the helper less; this effect was
against our prediction. That said, the correlational results should be
interpreted with caution, in light of the previous discussion of the
(likely) low reliability of the choice measure; evidence for or against this
relationship should be confirmed in future studies in which infants are
less fatigued during choice. Future research should also incorporate
other infant-friendly techniques to explore how social preferences are
linked to activation in specific brain areas. For example, using functional
near-infrared spectroscopy (fNIRS) and eye-tracking, recent studies have
shown that neural activity in the medial prefrontal cortex (mPFC) is
associated with infants’ (visual) preferences for those who previously
smiled versus frowned at them, and that genetic variation in the
oxytocin system is linked to individual differences in these effects (Krol
and Grossmann, 2020; Krol et al., 2021).

5. Conclusions

The current study provides new evidence that approach/avoidance
mechanisms are involved in 6-month-old infants’ processing of helping
and hindering scenarios, and that, for both 6- and 12-month-olds, im-
ages of the helper and hinderer elicit neural responses associated with
social processing (P400, N290) but not those associated with attentional
allocation (Nc). Together, these findings add to a growing literature
showing that sociomoral evaluations are based on an intricate interplay
between various cognitive, social, emotional, and motivational mecha-
nisms (Cowell et al., 2018; Young and Dungan, 2012). We note that
some of the effects found in the current study were different from those
observed in prior research (Cowell and Decety, 2015; Gredeback et al.,
2015; Hamlin et al., 2007), including the lack of alpha frontal asym-
metry in 12-month-olds, the lack of a group-level manual preference for
the helper, and the reversed P400 effects in both age groups. Hence,
more research is needed to clarify the robustness and direction of these
effects. Future studies should also explore what specific purposes these
neural mechanisms serve in infants’ responses to sociomoral scenarios,
and whether the role of these mechanisms in sociomoral processing
changes as infants age.
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