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Abstract

Preverbal infants appear to be more attracted by prosocial characters and events, as
typically assessed using preferential looking times and manual choice. However, infants’
neural correlates of observed prosocial and antisocial interactions are still scarce. Here,
we familiarized 5-month-old (N =24) infants with a prosocial and antisocial scene (i.e., a
character either helping or hindering) and infants’ Event-Related Potentials (ERP) were
recorded in response to the presentation of short video clips of the prosocial and antisocial
interaction. On a neural level, results revealed that infants could discriminate between
helping and hindering events at an early stage of processing, as shown by a larger N290
response to the former compared to the latter. Further, while the Nc - typically indexing
attentional processes - was larger for antisocial over prosocial events, the LPP, indexing
cognitive evaluation of the stimuli, was larger for prosocial over antisocial actions. Finally,
infants’ higher scores on the effortful control temperamental subscale were related to
infants’ increased N290 neural sensitivity to antisocial scenes. Together, these findings
provide new evidence of the time course of infants’ ERP responses during the observation
of helping and hindering interactions, which involves both attentional and socially relevant

processes.

Keywords: ERP, infant, Nc, LPP, N290, moral sense.
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Introduction

From early in life, infants pay more attention to individuals who display specific
perceptual and social features. For example, they look longer to attractive over
unattractive faces (Hoss & Langlois, 2003; Quinn, Kelly, Lee, Pascalis & Slater, 2008;
Slater et al., 1998), individuals who make direct over averted gaze (Farroni, Csibra,
Simion & Johnson, 2002), and, from about the second half of the first year of life, they
pay more attention to individuals who express negative over positive emotions (Vaish,
Grossmann & Woodward, 2008). These visual preferences suggest that from early on,
infants take into consideration multiple cues that adults commonly use to evaluate and
interact with their partners.

More recently, there has been growing evidence showing that preverbal infants
can discriminate between prosocial and antisocial events. Indeed, infants as young as 3
months of age look longer to individuals who behave prosocially rather than antisocially
towards a third party (Hamlin, Wynn & Bloom, 2010), and by 6 months of age, infants
selectively approach prosocial individuals while avoiding antisocial ones (Hamlin & Wynn,
2011; for recent reviews see Holvoet, Scola, Arciszewski & Picard, 2016; Margoni &
Surian, 2018; Van de Vondervoort & Hamlin, 2018; see though failures to replicate such
finding: Salvadori et al., 2015; Scarf, Imuta, Colombo, & Hayne, 2012). As infants get
older, they start to perform other-oriented behaviors, by which they instrumentally help
others (Warneken, & Tomasello, 2009), comfort others in distress (Nichols, Svetlova, &
Brownell, 2012), and begin to understand the concept of fairness (Schmidt &

Sommerville, 2011).
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Surprisingly, the investigation of the neural underpinnings of infants’ early
sensitivity to prosocial/antisocial events remains scarcely understood, and to our
knowledge, only two studies have investigated the time course of ERP activity during the
observation of prosocial and antisocial stimuli during the first year of life (Gredeback et
al., 2015; Tan & Hamlin, 2022). In particular, Gredeback and colleagues (2015)
familiarized 6-month-old infants with a video in which one character tried to reach the top
of a steep hill and was either helped or hindered by two characters. Event-Related
Potentials (ERPs) were recorded in a second phase, in which infants were presented with
still frames of the two characters previously engaged in prosocial and antisocial
interactions. Results showed that the P400 - a component commonly modulated by
socially relevant information, including emotional stimuli (Leppanen, Moulson, Vogel-
Farley, & Nelson, 2007) and goal-directed actions (Bakker, Daum, Handl, & Gredeback,
2015) - was larger in response to the prosocial compared to the antisocial character.

More recently, Tan & Hamlin (2022) explored 6- and 12-month-old infants’ ERP
responses to a static image of a hill helper and a hill hinderer character after the prosocial
and antisocial events occurred. Differential activations were found over the N290/P400
posterior complex. Specifically, the N290 -a social face and emotion sensitive component-
was larger in response to the helper compared to the hinderer character, while the P400
showed higher amplitude in response to the hinderer compared to the prosocial character.
Notably, the pattern of responses found in Tan & Hamlin (2022) over the P400 differed
from that observed in Gredeback et al. (2015).

Interestingly, in 12-24 months toddlers (Cowell & Decety, 2015b), the Nc was

found sensitive to helping/hindering interactions, being greater in response to the
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observation of helping compared to hindering. The Nc is a mid-latency component that
occurs around 300-500 ms and indexes a general orienting response to salient stimuli
(Richards, 2003). ERP responses to prosocial/antisocial interactions were also explored
in a further study with 3-to 5-year-old children showing the involvement of different ERP
components such as the early posterior EPN (i.e., an index of automatic attention and
emotional responding) that was greater in amplitude in response to helping compared to
hindering interactions and the anterior attentional N2 (i.e., an index of mismatch
detection) which was greater in response to hindering interaction. Interestingly, also the
later central LPP (i.e., an index of cognitive reappraisal to social stimuli) was involved
during the observation of prosocial/antisocial interactions, showing larger responses to
helping interactions than to hindering ones.

It is worth noting that, differently from previous studies with infants (Gredeback et
al., 2015; Tan & Hamlin, 2022), Cowell & Decety (2015a; 2015b) measured ERPs elicited

by the observation of two agents engaging in prosocial (e.g., sharing, helping) and

antisocial interactions (e.g., shoving, tripping, hitting) taken from the CMST (Chicago

moral sensitivity task) and not to still frames of the helper and hinderer character. Taken

together, previous findings suggest task-specific and age-specific changes in neural
responses to helping/hindering stimuli. So far, no study explored infants’ ERP responses
to prosocial and antisocial dynamic interactions rather than to static images of the

characters.
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Study 2: ERPs
(NC, PSW)

another geometric shape from
climbing a hill.

Study 2: Chicago moral
sensitivity task (CMST)- short 3-
frames clips showing two
cartoon characters interacting in
a variety of prosocial and
antisocial ways

Authors Participant ERP components Stimuli Results
ages

Cowell & Decety 3to 5 yearsold | ERPs (EPN, N2, Chicago moral sensitivity task Larger EPN in response to helping vs.

(2015a) LPP) (CMST)- short 3 frames clips hindering interactions.
showing two cartoon characters Larger N2 in response to hindering vs.
interacting in a variety of helping interactions.
prosocial and antisocial ways. Larger LPP in response to helping vs.

hindering interactions.
Cowell & Decety 12 & 24- Study 1: EEG Study I: videos of animated Study I: greater relative EEG asymmetry
(2015b) month-olds frontal asymmetry agents that either help or hinder for left vs. right for the perception of

hindering than helping events.

Study 2: larger NC in response to prosocial
compared to antisocial interactions.
No differential activity over the PSW.

Gredebdck, Kaduk,
Bakker, Gottwald,
Ekberg, Elsner, Reid,
& Kenward

(2015)

6 month- olds

ERPs (P400, NC)

Familiarization phase: videos of
animated agents that either help
or hinder another geometric
shape from climbing a hill.

Test: Still images of either the
helping or hindering character.

Test phase: Larger P400 in response to
prosocial compared to antisocial
characters.

No differential activity over the Nc.

Tan & Hamlin (2022)

6 & 12- month-
olds

Familiarization
phase: EEG frontal
asymmetry

Test phase: ERPs
(P400, N290, NC)

Familiarization phase: videos of
animated agents that either help
or hinder another geometric
shape from climbing a hill.

Test phase: Still images of either
the helping or hindering
character.

Familiarization phase: 6- (but not 12)
month-olds showed higher relative right
frontal alpha power when viewing helping
vs. hindering scenarios.

Test phase: Larger P400 in response to
antisocial compared to prosocial
characters.

Larger N290 in response to prosocial
compared to antisocial characters
(marginally significant effect).

No differential activity over the Nc.

Table 1. ERP studies exploring Infants’ neural responses to helping and hindering

stimuli.

The current study aims to investigate the neural responses to prosocial and

antisocial interactions in 5-month-old infants by focusing on four ERP components that

have been found to be related to prosocial processing in both infants and children (Cowell

& Decety, 2015b; Gredeback et al., 2015; Tan & Hamlin, 2022): the N290 and P400 over

occipito-temporal sites, and the Nc and LPP over central electrode sites. Importantly,
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differently from Gredeback et al. (2015) and Tan & Hamlin (2022), we measured ERPs in
response to prosocial and antisocial interactions, consisting of still frames presented
sequentially to give the feeling of unfolding action rather than to still images of prosocial
and antisocial characters. In line with a previous study (Tan & Hamlin, 2022), we expected
larger N290 amplitudes in response to the prosocial interaction and increased P400
amplitudes in response to the antisocial scene. Further, as suggested by Cowell & Decety
(2015b), greater amplitudes in response to prosocial interactions were expected over the
Nc. Regarding the LPP, we hypothesized to find larger amplitudes during the observation
of prosocial vs. antisocial interactions (Cowell & Decety, 2015a). Furthermore, to observe
whether infants’ brain activity also predicts or is related to their preference toward
prosocial characters, we conducted a manual choice task, as previously assessed in
other studies (Hamlin, Wynn, & Bloom, 2007; Tan & Hamlin, 2022). We expected to find

a manual preference towards the prosocial character compared to the antisocial one.
Lastly, to account for individual differences in processing prosocial and antisocial
interactions, we explored the association between infants' temperamental traits (i.e.,
Negative Affect and Effortful control) and their neural response to helping and hindering
interactions. Different temperamental traits have been linked to prosocial competencies

in childhood. For example, while negative emotionality seems to be negatively associated
to prosocial competencies, effortful control (the self-regulatory aspect of temperament) is
positively associated with competent prosocial behaviors (see Eisenberg, Spinrad, &
Sadovsky, 2006 and Laible, Carlo, Panfile, Eye & Parker, 2010 for reviews). We

hypothesized that a relationship between temperament (negative affect and effortful
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control) and early neural biases toward prosocial interactions could emerge early in

infancy.

Methods

Participants
The sample size for the ERP analyses was based on an a-priori Power Analysis

for a 2x2x2 repeated measures analysis of variance (ANOVA) using a medium effect size
(r=.025) (Cohen, 1992), which revealed that 24 participants should lead to a 90% chance
to observe a significant effect with an alpha level of .05. The final sample consisted of 24
full-term, healthy five- to six-month-old participants (12 males, M age = 169.04 days, SD

= 11.8 days, range = 144-189 days). An additional 38 infants were tested but excluded
due to fussiness (N = 16), or excessive artifacts (N = 22). The sample size and proportion
of excluded infants are similar to other EEG studies investigating ERPs with infants this
age (e.g., de Haan, Belsky, Reid, Volein, & Johnson, 2004; Quadrelli, Conte, Macchi
Cassia, & Turati, 2019). The procedure was carried out in accordance with The
Declaration of Helsinki for experiments involving human subjects and was approved by
the Ethical Committee of the University of Milan-Bicocca. All parents completed a written

informed consent form before the beginning of the study.

Stimuli
The study consisted of a familiarization and a test phase. Stimuli of the

familiarization phase were ~20s videos similar to the ones described in the study of
Hamlin and Wynn (2011), in which one puppet struggles to open a box and is either
helped (i.e., prosocial event) or hindered (i.e., antisocial event) by another puppet to

achieve its goal (see Fig. 1). The puppets were an orange tiger with black stripes, a brown

9
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monkey, and a grey elephant with neutral expressions. In the first 13 s of the videos the
elephant attempted to open a transparent box containing some toys, and, starting around
second 15, the tiger or monkey performed the prosocial (helping the elephant to open the
box) or the antisocial action (hindering the opening of the box). The videos had the
background darkened to eliminate any possible shadows or additional distractions from
the background movement. Half of the participants saw the tiger helping and the monkey
hindering the box opening action. The other half of the participants observed the reversed
roles. Thus, perceptual differences related to the characters were controlled. The order
of presentation of the prosocial and antisocial events was counterbalanced as well. The
videos were flipped between repetitions of the video so that each puppet was beginning
the prosocial or antisocial action from each side of the screen, and this was done for both
the familiarization and test phases. The duration of each familiarization video was ~20
seconds.

Stimuli of the test phase consisted of four frames extrapolated from the original
familiarization videos. A single test trial consisted of four still frames: the first frame
depicted the pro or antisocial character near the box kept open by the elephant, the
second frame depicted the pro or antisocial character turning towards the box and
touching it, and the third frame showed the pro or antisocial character moving the lid of
the box (opening vs. closing), and the last frame showed the character either closing the
box for the antisocial action or completely opening the box for the prosocial action. The 4
frames were shown in rapid succession: the first frame was presented for 0.5 s, the
second and third frame for 0.3 s, and the fourth frame for 0.5 s. Overall, the total duration

of each trial was 1.6 s. Thus, the 4 frames in succession gave the illusion of the unfolding

10
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of prosocial and antisocial actions. The use of 4 still frames allowed us to control for the
speed of movement. In addition, stimuli were also equalized for luminance, which did not
differ between prosocial (M = 36.6; SD = 4.5) and antisocial (M = 35.1; SD = 4.1) stimuli
(Mann—Whitney test, p > .11).

A manual task followed the EEG recording, in which infants were presented with

the prosocial and antisocial puppets and chose the one they preferred.

FAMILIARIZATION

@ Antisocial Prosocial
o

&
VIDEO g’
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Figure 1. Schematic depiction of stimuli presentation. During the familiarization phase, 4
videos were presented (2 antisocial and 2 prosocial). During the test phase, 60
presentation of 60 video clips (30 antisocial and 30 prosocial), comprised of 4 still frames
were presented.

Procedure

The experiment took place in a dark, electrically shielded cabin, in which infants
were sat on their parent’s lap, about 60cm from a 24-inch monitor. The circumference of
the infant’s head was measured, and the EEG net was then placed on the infant's head.
Once the cap was properly fitted, the impedance was measured and adjusted to be lower
than 50 KQ. Parents were instructed to remain still and to avoid talking or interacting with
the infant during the experiment. In the familiarization phase, infants were shown four 20s
videos depicting two prosocial and two antisocial events that lasted approximately 80
seconds in total. Stimuli were presented using E-Prime software v2.0 (Psychology
Software Tools Inc., Pittsburgh, PA). Each video showed the elephant puppet
approaching the box and struggling to open it but failing three times. During the fourth
attempt to open the box, another puppet (a monkey or a tiger) could either approach the
box and help the elephant to open it (Prosocial condition) or approach the box and hinder
the opening of the box (Antisocial condition). To be included in the analyses, infants had
to watch at least one video depicting the prosocial and antisocial scenes. Each video was
considered watched by the infant if he/she looked at least the actions in which the
elephant struggled to open the box, followed by the whole prosocial/antisocial action.

The test phase comprised overall 60 test trials (30 prosocial and 30 antisocial
events). Each video clip was separated by a 1s interstimulus interval. Further, video clips

were presented in a pseudorandomized order, that is, videos of the same condition were

12
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not presented more than twice in a row. The testing ended once the infant completed the
60 test trials, began to become fussy, or stopped looking at the screen. The entire duration
of the EEG recording was approximately 4 minutes.

Immediately after the EEG testing, participants had their EEG cap removed and
were placed in a bumbo seat to begin the manual choice task. Parents were seated apart
and instructed not to interact with the infant or look at the puppets for the duration of the
task to avoid influencing the infant’s decision or distracting him/her from the task. At the
beginning of the manual choice task, the experimenter placed the antisocial and prosocial
puppets in front of the infant (about 50cm) and said, ‘Hey, look!. The experimenter
performing the task was unaware of which of the two puppets was the pro- or the
antisocial character and was instructed not to influence the infant’s choice. For example,
he/she was not allowed to look at one of the two puppets. Once the infant looked at both
puppets, the experimenter moved the puppets within arm reach of the infant, and said:
‘Who do you want to play with?’, then waited for the infant to reach for one puppet. If no
reaching movement was performed within 30 s, the task was concluded (Hamlin et al.,
2007; Hamlin et al., 2010). The task was both coded online and offline, and the left/right
position of the prosocial and antisocial puppet was counterbalanced across participants.
At the end of the testing session, mothers were asked to fill out an ltalian translation of
the Infant Behavior Questionnaire-Revised in its very short form (IBQ-R VSF; Putnam,
Helbig, Gartstein, Rothbart, & Leerkes, 2014; Montirosso, Cozzi, Putnam, Gartstein &
Borgatti, 2011), to assess the frequency of infants’ specific temperamental-related

behaviors observed by the mothers in the preceding week.

13
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EEG recording and processing

The electroencephalogram (EEG) was recorded with a 128- electrode HydroCel
Geodesic Sensor Net (Electrical Geodesic Ine., Eugene, OR). EEG recording was
continuous and referenced to the central electrode (Cz). Signals were amplified using the
EGI NetAmps 300 amplifier with a sampling rate of 500Hz and an online band-pass filter
of .1-100Hz. Impedance was checked prior to the beginning of the testing session and
accepted if lower than 50 KQ. EEG data was processed offline using NetStation v4.6.4
(Electrical Geodesic, Eugene, OR). The continuous signals were subsequently band-
pass filtered with 0.3—30 Hz and segmented into 1600 ms epochs post-stimulus onset,
with a baseline period beginning 100 ms before the onsets. The signal was then re-
referenced to the algebraic mean of all the channels. Single channels were automatically
rejected with a signal exceeding £200 yV, and the remaining artefacts (i.e., eye-blinks,
saccades) were manually discarded. When 15% of channels (N =18) or more were
discarded, the entire trial was excluded from the additional analysis. Individual channels
containing artifacts were replaced using spherical spline interpolation. Segments were
baseline corrected using mean voltage during the 100 ms pre-stimulus periods. For each
participant, average waveforms were generated within each experimental condition. The
mean number of trials was 8.8 (min 5-max 17) for the prosocial condition and 7.7 (min 5-
max 14) for the antisocial condition.

For the grand average of waveforms, three clusters were considered for analysis:
central cluster (Left: 36, 37, 41, 42, 47; Right: 87, 93, 98, 104, 103), temporal cluster (Left:
57, 58, 59, 64; Right: 91, 95, 96, 100), and occipital cluster (Left: 65, 66, 69, 70, 71, 74;

Right: 76, 82, 83, 84, 89, 90). We focused on four specific ERP components: the temporo-

14
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occipital N290 (240-340ms) and P400 (360-600ms); the central Nc (350-600ms) and the
LPP (650-950ms). Time windows and electrode clusters were chosen based on visual
inspection and were similar to the ones used in previous studies with infants (Addabbo,
Bolognini, & Turati, 2021; Xie, McCormick, Westerlund, Bowman, & Nelson, 2019). Each

component's mean amplitude (uV) values were extracted and used for statistical analysis.

Results
Familiarization phase.
During the familiarization phase, the mean looking time to the prosocial action was
of 16.4 sec (SD = 4.1) and to the antisocial action was of 17.5 sec (SD = 2.3). No
difference was found between looking times to prosocial and antisocial videos (f (23) = -

1.39, p = .175).

N290 (240-340 ms)

We conducted a rmANOVA on the mean amplitude of the N290 and P400 with
Electrode Cluster (Occipital, Temporal), Lateralization (Right, Left), and Condition
(Prosocial, Antisocial) as within-subject factors.

Results over the N290 showed a significant main effect of Condition, F(1,23) =
4.376, p=.048; np2= .160. The amplitude of the N290 was greater in response to the
prosocial (M= 6.59 pV, SD= 8.92) compared to the antisocial (M= 10.2 yV, SD= 11.4)
scene. Significant differences between prosocial and antisocial conditions were
confirmed by computing 95% BCa (bias-corrected and accelerated) bootstrap confidence
intervals (Efron, 1986), which provide a robust statistical solution when dealing with a

small sample size. Cl calculated through the bootstrap analyses (1000 permutations)

15
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were 95% Cl 1.42, 7.15. Further, there was a main effect of Electrode Cluster, F(1,23) =
7.42, p =.012; np? = .244, as the N290 was larger over the temporal (M = 6.10; SD = 8.03)
compared to the occipital cluster (M = 10.7; SD = 11.9). Significant differences between
clusters were confirmed by computing 95% BCa bootstrap confidence intervals (95% CI
1.32, 8.53). No other main effect or interaction reached significance (all ps > .08). 1.42

7.15

P400 (360-600)

The rmANOVA on the mean amplitude of the P400 with Electrode Cluster
(Occipital, Temporal), Lateralization (Right, Left), and Condition (Prosocial, Antisocial) as
within-subject factors showed a significant main effect of Lateralization, F(1,23) = 6.03, p
=.022, np? = .208 and of Electrode Cluster, F(1,23) = 6.38, p =.019, np? = .217. Further,
a lateralization x electrode cluster interaction emerged, F(1,23) = 7.627, p =.01, np? =
.249. No other main effect or interaction reached significance (all ps > .10). Posthoc t-
tests (Tukey corrected) revealed that, in the left hemisphere, the P400 amplitude was
greater in the occipital (M = 13.62 yV, SD = 10.49) compared to the temporal cluster (M
=7.51 uV, SD =9.80), t (18) = 3.56, p = .008 (Bootstrap 95% CI 2.37, 9.81). Further, the
P400 was greater in the right occipital (M = 15.1 uV, SD = 11.02), t (1,23) =-3.63, p =
.007 (Bootstrap 95% CI 3.56, 11.81), and right temporal cluster (M = 13.88 uV, SD =
8.78), t (1,23) = -2.90, p = .03 (Bootstrap 95% CI 2.46, 10.93) compared to the left
temporal cluster (M =7.51 uV, SD = 9.80). No other comparison reached significance (all

ps > .71).

16
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Nc (350-600 ms)

We conducted an rmANOVA on the mean amplitude of the central electrodes for
Nc with Lateralization (Right, Left) and Condition (Prosocial, Antisocial) as within-subject
factors. Results showed a main effect of Condition, F(71,23) = 12.04, p = .002, np? = .344.
There was a greater amplitude to the antisocial condition (M = - 6.22 pV, SD = 5.39)
compared to the prosocial condition (M = - 1.71 yV, SD = 5.25). Significant differences
between prosocial and antisocial conditions were confirmed by computing 95% BCa
bootstrap confidence intervals (95% CI 1.88, 7.43). No other main effects or interactions

emerged (all ps > .58).

LPP (650-1200)

We conducted an rmANOVA on the mean amplitude of the central electrodes of
the LPP with Lateralization (Right, Left) and Condition (Prosocial, Antisocial) as within-
subject factors. Results over the LPP showed a main effect of Condition, F(1,23) = 5.82,
p =.024; np? = .202. The amplitude of the LPP was greater in response to the prosocial
(M =3.87 yuV, SD = 6.31) compared to the antisocial (M = 0.01 yV, SD = 6.81) scene.
Significant differences between prosocial and antisocial conditions were confirmed by
computing 95% BCa bootstrap confidence intervals, 95% C/ 0.73, 7.48. No other main

effect or interaction reached significance (all ps > .09).
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Figure 2. a. Average waveforms elicited in response to Prosocial and Antisocial actions
in each the central (left panel) and occipito-temporal (right panel) cluster. The shaded
areas indicate the time windows of the ERP components where significant differential
activity was found. b. Topographical scalp potential maps displaying positive values in
red and negative values in blue, with maxima (+15 pyV) and minima (=15 pV) of scalp
potentials. Clusters of each ERP component are highlighted over the N290 an P400 in
black (temporal cluster) and grey (occipital cluster). Over the Nc and LPP the central
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cluster is highlighted in black.
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Temperament and ERP differential responses

Six separate regressions were conducted to explore the relationship between
infants’ temperament and brain responses to prosocial and antisocial interactions. A
difference score between prosocial and antisocial activity was computed as an index of
whether infants were biased with respect to processing either prosocial or antisocial
events. The temperamental score of one infant was missing because the mother didn't fill
out the questionnaire. Infants’ mean amplitude for the N290, Nc, and LPP ERP
components constituted the dependent variables. Following Bonferroni correction (a/6 =
.008), the analysis revealed a significant relation over the N290 ERP component between
effortful control and neural sensitivity to prosocial/antisocial interactionsin particular,
greater effortful control was significantly associated with an increased neural bias towards
the antisocial interaction (R 2= .29, F(1, 21) = 8.81, p = .007) (Figure 3). By using the
bootstrap method (1000 permutations), we calculated a confidence interval for the
regression coefficient, 95% CI 4.88, 22.33. All the other regressions didn’t reach

significance (All ps > .15).
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Figure 3. A significant relationship was found between infants’ effortful control scores and their
differential event-related potential N290 responses to prosocial/antisocial interactions.

Behavioral Results: Manual Choice Task
A binomial test was used to assess infants’ manual preference. However, no
difference was found (p = 0.83) in that N = 10 infants chose the prosocial character, N =

11 infants chose the antisocial character, and N = 3 infants made no choice.
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Discussion

Although numerous behavioral studies have shown that, by 6 months of age,
infants selectively approach prosocial individuals while avoiding antisocial ones (Hamlin
& Wynn, 2011; Holvoet et al., 2016; Margoni & Surian, 2018; Van de Vondervoort &
Hamlin, 2018), the time course of infants’ neural responses toward prosocial vs. antisocial
interactions have been scarcely investigated. The results of the current study provide
evidence that as early as 5 months of age, the infant’s brain is able to discriminate
between prosocial and antisocial interactions. In particular, our study revealed that
specific early and late components appear to be involved in the differentiation of prosocial
and antisocial scenes: while the Nc presented a larger amplitude for antisocial over
prosocial scenes, the posterior N290 and the central LPP were more widely elicited by
prosocial events.

Most of the ERP studies exploring adults’ and children’s moral judgments have
shown that such evaluations involve the integration of both early automatic components
(i.e., N2), which reflects attention to emotionally salient stimuli (affective arousal or
emotional sharing), and later controlled components (i.e., LPP), indexing cognitive
reappraisal, regulation, or more complex processing of emotional stimuli (Cheng, Chen,

& Decety, 2014; Fan & Han, 2008; see also Coll, 2018, for a meta-analysis).

In the current study we have found that the observation of helping vs. hindering
actions elicits divergent activity over the posterior N290, which is a negative-ongoing
deflection considered face-sensitive (de Haan et al., 2003) and, like the adult N170,
shows greater amplitudes in response to human faces than non-face stimuli (Guy,

Richards, Tonnsen, & Roberts, 2018). Further, in infancy the N290 is modulated by
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emotional valence and shows larger amplitudes in response to fearful facial expressions
compared to happy and angry faces (Xie et al., 2019). Thus, the N290 could be
considered a neural signature of affective and socially relevant processes. In the current
study, the divergent activity over the N290 might reflect an initial and automatic detection
and differentiation of the prosocial vs antisocial first frame scene and bottom-up orienting
to such social signals. Indeed, our results show that the N290 is larger in amplitude in
response to prosocial scenes associated with helping interactions, which might represent
a socially relevant event for infants compared to the antisocial ones. The pattern of
activation found over the N290 is also in line with Tan & Hamlin (2022), who have found
marginally significant greater activation of the N290 to prosocial compared to antisocial
characters. However, given that the main effect of condition over the N290 in our data is
barely significant (p = .049), caution must be taken in interpreting such results.
Importantly, also in Tan & Hamlin (2021), the N290 differential activity was only marginally
significant, thus the involvement of the N290 during the observation of moral scenes or
characters can’'t be considered robust in literature and needs further investigation.
Interestingly, we have found a relation between infants’ N290 responses and infant’s
effortful control which is the self-regulatory aspect of temperament. Specifically, we have
found that increased scores in the effortful control subscale were related to increased
neural bias towards antisocial interactions. It could be hypothesized that increased
effortful control skills could promote infants’ early encoding of negative, antisocial scenes.
Such early social encoding of negative antisocial interactions could be considered
adaptive for infants because it provides them with crucial information about potential

threats in their environment. However, the robustness of this relation needs to be further
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verified and confirmed with future studies. Indeed, the number of participants is low and
limits the generalization and interpretation of the results.

Differently from both Tan & Hamlin (2022) and Gredeback and colleagues (2015),
who tested infants of the same age as in our study, we didn’t find modulations over the
P400 in response to prosocial scenes. Remarkably, whereas the current study explored
infants’ ERP responses to prosocial/antisocial actions, Gredeback et al. (2015) and Tan
& Hamlin (2022) investigated infants’ ERP responses to characters who have a history of
performing prosocial/antisocial acts. Thus, our research question and design differed from
that employed by previous studies (Gredeback et al., 2015; Tan & Hamlin, 2022).
Differences between visual stimuli could also account for the differences in the timing in
which the N290 and P400 occurred in our study (N290, 240-340 ms; P400,350-600 ms)
compared to previous studies in which both the N290 and P400 peaked earlier in time
(N290, 150-300 ms; P400, 250-400 ms) (Gredeback et al., 2014; Tan & Hamlin, 2021).
However, it is important to note that the time course of the N290 and P400 in our study is
in line with previous ERP literature that addressed these components in infants (i.e., Xie
et al., 2019; Conte et al., 2020).

Overall, the time course and pattern of activations that we have found in infants
over the early N290, the mid-latency Nc, and the later LPP, are in line with Cowell &
Decety (2015a). In this study with children, authors have found greater amplitudes of the
early posterior EPN in response to helping compared to hindering actions, a greater
anterior activity over the attentional N2 ERP component in response to harmful actions,
and increased activity of the central LPP in response to helping scenes. In line with Cowell

& Decety (20115b), we have found a modulation of the Nc in response to scenes related
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to prosocial/antisocial interactions, although in our study the Nc was larger in response

to antisocial compared to prosocial scenarios while Cowell & Decety (2015b) observed
greater Nc amplitudes in response to prosocial compared to antisocial interactions.
Besides the considerable difference in the age of the infants tested (5 months vs 12-24
months), it is important to note that our stimuli do not entirely overlap the ones used in
Cowell & Decety (2015b) study. In the present study, infants were presented with a simple
helping and hindering action (e.g., opening vs. closing a box), to which infants have shown
to be sensitive since very early in life (Hamlin et al., 2011). Cowell & Decety (2015b)
showed older infants (12-24 month-olds) a variety of different prosocial (e.g., sharing,
helping) and antisocial (e.g., shoving, tripping, hitting) 2-frame actions taken from the
CMST (Chicago moral sensitivity task) (Cowell, & Decety, 2015a). It is also important to
remark that the design of our study differs from Cowell & Decety (2015a), given that in

our study infants were familiarized with the two actions prior to the test phase in which
ERPs were measured.

The observation of helping/hindering actions also affects the mid-latency Nc, which
indexes a general orienting response to visual stimuli (Richards, 2003). For example, it
has been shown that Nc responses are larger during periods of sustained attention than
during periods of inattention (Richards, 2003). The current results show that antisocial
scenes attract infants’ attention the most and this might result in enhanced processing in
the infant’s brain. It is possible to hypothesize that hindering scenes might be more
arousing and discomforting for infants compared to helping events. This is in line with
previous studies reporting larger Nc amplitudes (i.e., more negative peaks) when infants

were presented with fearful over happy facial expressions (Leppanen et al., 2007; de
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Haan et al., 2004) with angry over happy voices (Grossmann, Striano, & Friederici, 2005),
and with fearful over happy body expressions (Krol, Rajhans, Missana, & Grossmann,
2015). Also, greater Nc activations were found in response to the observation of harming
actions (poke in the eye) vs. neutral actions (touch on the eyebrow) in 6-month-old infants
(Addabbo et al., 2021). Thus, the enhanced activation of the Nc in response to harmful
scenes found in our study supports previous findings showing that infants allocate greater
attention to the negative-valenced hindering events compared to helping, positive ones.

Importantly, both the early N290 and the mid-latency Nc occurred during the first
frame presentation, thus, before the prosocial/antisocial action started (from the second
frame). Thus, these earlier ERP responses might be related to the first still scenario
associated with helping and hindering action to which infants were previously presented
during the familiarization phase. Differently, the later ERP components, such as the LPP
and the P400, can be indeed considered specific responses elicited by prosocial and
antisocial actions.

The divergent activity over the Nc over central electrode sites is followed by a
differentiation over the LPP, which is a late-latency component indexing top-down and
more controlled processing of social signals. The LPP is a ‘sociall component and
appears to be elicited in the child (Cheng, Chen & Decety, 2014; Cowell & Decety, 2015
a) and adult brain by moral scenarios (Yoder & Decety, 2014) and reflects cognitive
reappraisal of stimuli, regulation, as well as reallocation to motivationally salient stimuli.
Also, as shown by Cowell & Decety (2015a), higher amplitude in LPP in 3-5-year-old
children predicted higher prosocial behavior, as observed in a sharing task. Here, we

have found that the LPP is greater in positivity for prosocial actions, which might have
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recruited additional and deeper processing and reappraisal compared to the antisocial
action.

However, it is important to remark that the divergent activation over the late
positive components might index a long-lasting involvement of attentional resources
towards the hindering action that unfolds throughout the 1600 ms of presentation, rather
than the recruitment of additional later, controlled processes.

Finally, our behavioral results should be discussed. First, we did not replicate the
findings of previous studies (e.g., Hamlin & Wynn, 2011), showing that 5-month-olds
manually choose and interact first with the prosocial character at 5 months of life when
presented simultaneously with the prosocial and antisocial puppets. How can this failure
in replication be explained? This could depend upon two reasons: a) not enough power;

b) a genuine dissociation between explicit vs implicit preference. However, as it concerns
the manual choice task, it should be noted that it has not always been replicated. Indeed,
even in older infants, the preference for helpers over hinderers does not clearly emerge
(Salvadori et al., 2015; Schingloff, Csibra, & Tatone, 2020), suggesting that different
methodological issues, including the physical setup or the behavior of the experimenter,
may explain such different outcomes. It should also be noted that we did not use a
classical habituation paradigm (followed by a manual choice), as we were mostly
interested in recording ERP. Thus, this might also have influenced the outcome of the
choice. Indeed, also Tan & Hamlin (2022) didn’t find differences in the manual choice

task, showing that testing infants’ manual preferences following an ERP/EEG task might

be not reliable.
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Our study is not exempt from limitations, suffering from common limits of infant
EEG studies, such as the high attrition rates and the limited number of trials per condition.
In particular, in the current study, this might be due to the procedure used, which
comprises both a familiarization and a test phase and the very young age of the
participants as well. In future studies, it might be beneficial to decrease the duration of
the stimuli and to make further efforts in order to use a set of stimuli more salient for
infants with the aim to maintain their interest for longer periods of time.

In conclusion, our results support previous studies suggesting that the infant’s
brain is already attuned to the processing of helping and hindering scenarios. Importantly,
our study adds new insights in the current and limited literature showing for the first time
that the observation of prosocial and antisocial interactions involve neural responses

associated both with social processing (N290, LPP) and attentional allocation (Nc).
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Authors Participant ERP components Stimuli Results
ages
Cowell & Decety 3to5Syearsold | ERPs (EPN, N2, Chicago moral sensitivity task Larger EPN in response to helping vs.
(2015a) LPP) (CMST)- short 3 frames clips hindering interactions.
showing two cartoon characters Larger N2 in response to hindering vs.
interacting in a variety of helping interactions.
prosocial and antisocial ways. Larger LPP in response to helping vs.
hindering interactions.
Cowell & Decety 12 & 24- Study 1: EEG Study 1: videos of animated Study 1: greater relative EEG asymmetry
(2015b) month-olds frontal asymmetry | agents that either help or hinder for left vs. right for the perception of
another geometric shape from hindering than helping events.
Study 2: ERPs climbing a hill.
(NC, PSW) Study 2: larger NC in response to prosocial

Study 2: Chicago moral
sensitivity task (CMST)- short 3-
frames clips showing two
cartoon characters interacting in
a variety of prosocial and
antisocial ways

compared to antisocial interactions.
No differential activity over the PSW.

Gredebdck, Kaduk,
Bakker, Gottwald,
Ekberg, Elsner, Reid,
& Kenward

(2015)

6 month- olds

ERPs (P400, NC)

Familiarization phase: videos of
animated agents that either help
or hinder another geometric
shape from climbing a hill.

Test: Still images of either the
helping or hindering character.

Test phase: Larger P400 in response to
prosocial compared to antisocial
characters.

No differential activity over the Nc.

Tan & Hamlin (2022)

6 & 12- month-
olds

Familiarization
phase: EEG frontal
asymmetry

Test phase: ERPs
(P400, N290, NC)

Familiarization phase: videos of
animated agents that either help
or hinder another geometric
shape from climbing a hill.

Test phase: Still images of either
the helping or hindering
character.

Familiarization phase: 6- (but not 12)
month-olds showed higher relative right
frontal alpha power when viewing helping
vs. hindering scenarios.

Test phase: Larger P400 in response to
antisocial compared to prosocial
characters.

Larger N290 in response to prosocial
compared to antisocial characters
(marginally significant effect).

No differential activity over the Nc.
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