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Abstract

Ostracism has been shown to induce considerable physiological, behavioral and cognitive
changes in adults. Previous research demonstrated its effects on children’s cognitive and
behavioral abilities, but less is known about its impact on their capacity to recognize subtle
variations in social cues. The present study aimed at investigating whether social manipula-
tions of inclusion and ostracism modulate emotion recognition abilities in children, and
whether this modulation varies across childhood. To do so, 5- and 10-year-old children par-
ticipated in a computer-based ball tossing game called Cyberball during which they were
either included or ostracized. Then, they completed a facial emotion recognition task in
which they were required to identify neutral facial expressions, or varying levels of intensity
of angry and fearful facial expressions. Results indicated lower misidentification rates for
children who were previously ostracized as compared to children who were previously
included, both at 5 and 10 years of age. Moreover, when looking at children’s accuracy and
sensitivity to facial expressions, 5-year-olds’ decoding abilities were affected by the social
manipulation, while no difference between included and ostracized participants was
observed for 10-year-olds. In particular, included and ostracized 10-year-old children as
well as ostracized 5-year-olds showed higher accuracy and sensitivity for expressions of
fear as compared to anger, while no such difference was observed for included 5-year-olds.
Overall, the current study presents evidence that Cyberball-induced inclusion and ostracism
modulate children’s recognition of emotional faces.

Introduction

Human beings heavily rely on social interactions to survive and thrive in their environment [1,
2]. All forms of social exclusion, such as ostracism (i.e., being ignored and excluded) or rejec-
tion (i.e., being explicitly informed that one is not wanted), threaten primary needs such as
belonging, control, self-esteem and sense of meaningful existence in adults [3, for a review see
4], as well as in children [5].

According to Williams [6], ostracism can lead either to prosocial or antisocial behaviours,
depending on the likelihood of being re-included in the group and on the psychological need
that is most threatened. If re-inclusion is perceived as likely, belonging and self-esteem needs
will trigger prosocial behaviours, aiming at fortifying relationships and being re-accepted in
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the group. For instance, participants demonstrated to be more compliant to others’ requests
and mimicked others’ facial emotions more after being ostracized than after being included in
an online ball-tossing game (i.e., Cyberball) [7-12]. On the contrary, if re-inclusion is per-
ceived as unlikely, the response will be driven by the need for control and meaningful exis-
tence, which will elicit anti-social behaviours meant to re-establish a sense of control for the
individual, rather than facilitate its re-inclusion [4]. For example, ostracized participants dis-
played more aggressive behaviours (i.e., allocated more hot sauce or played aversive noise to a
stranger) when experiencing a loss of control as compared to included participants and ostra-
cized participants with higher levels of control [13, 14].

In addition to influencing behaviour, ostracism also induces noticeable attentional and cog-
nitive changes. According to Gardner and colleagues [15], individuals possess a social moni-
toring system which, when detecting threats to their belonging needs, directs attentional and
cognitive resources towards social cues, which in many cases are subtly expressed, as in the
case of facial emotional expressions or vocal tones. In this way, they are better equipped to
selectively detect socially relevant information that will subsequently facilitate the re-establish-
ment of social connections and their re-inclusion. Numerous studies using different forms of
social exclusion (e.g., rejection messages, ostracism via an online ball-tossing game or priming
videos depicting third-party ostracism) provide evidence supporting the social monitoring
model. For instance, excluded adults allocated more attention and were more accurate in iden-
tifying emotional vocal tones than included ones [16]. The social monitoring system has been
proposed to be highly adaptive, as it is triggered when an individual’s current level of social
inclusion is lower than their desired level. However, the allocation of attentional and cognitive
resources towards socially relevant cues appears to be detrimental for non-social cognitive
tasks, as demonstrated by the decrease in general cognitive performance (e.g., effortful logic
and reasoning) in adults after experiencing social exclusion [17].

Available literature emphasizes the importance of group membership and the role of social
cues in forming and maintaining social connections. Faces, being highly informative social
cues, hold substantial value in this sense [18, 19]. Accurately interpreting facial expressions
enables individuals to understand others” emotions and internal dispositions, enhancing suc-
cessful social interactions. Ostracism modulates emotion recognition abilities, leading to
increased cognitive resources dedicated to emotion decoding for reconnection and re-inclu-
sion. Research on adults showed that social ostracism improved the decoding of static and
dynamic facial expressions of happiness, anger, fear, sadness and disgust [12, 16, 20]. In addi-
tion, excluded participants were better at categorizing angry versus happy facial expressions
[21] and at discriminating “fake” from “real” smiles [22] than included ones.

A growing body of research suggests that ostracism induces considerable behavioural and
cognitive changes also at the earliest stages of development [23]. For example, at 5 years of age,
ostracized children displayed more affiliative behaviours such as increased imitation of others’
actions or language choices as compared to included ones [24, 25]. In addition, the effects of
social ostracism are so robust that merely witnessing someone else being excluded prompted
children to sit closer to a stranger [26], draw more affiliative pictures [27] and imitate more
accurately others actions [28, 29]. Similarly to adults, and in line with the social monitoring
model [15], ostracism also seemed to drive children’s attentional and cognitive resources
towards social cues, while having detrimental effects on non-social tasks. For instance, 5-year-
old children who witnessed third-party exclusion or were excluded themselves showed selec-
tive memory for social events and items [26, 30], while 8- to 12-year-old girls (but not boys)
displayed lower cognitive performances on non-social tasks [31]. While available studies sug-
gest that sensitivity to ostracism appears early in life [23], little is known about whether and
how it affects children’s ability to recognize facial expressions of emotions.
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The current study aimed at investigating whether social ostracism modulates emotion rec-
ognition abilities in 5- and 10-year-old children, thus exploring whether this modulation varies
across preschool- and school-aged children. A substantial number of studies demonstrated
that early in life humans not only detect regularities and learn from predictable sequences of
emotional faces [32, 33], but also display an attentional bias and exhibit a complex neural net-
work involved in the processing of facial emotional expressions [34-39]. However, substantial
changes in the ability to recognize facial expressions of emotions occur between preschool and
school ages. Indeed, an increase in facial recognition accuracy has been found between 3 and 7
years of age [40-42], with improvement in processing speed between 7 and 10 years of age [43]
and in the ability to recognize subtle facial expressions of emotions between 5 and 10 years of
age [44], to become adult-like only through the course of adolescence [45, 46]. Moreover, it
has been shown that ostracism experiences between kindergarten and the 5th grade reduce
children’s classroom participation, increase school avoidance and delay their school achieve-
ment [47], again suggesting that preschool and school years represent crucial time points to
investigate children’s reaction to an ostracism experience. Capitalizing on evidence about the
development of both emotion recognition processes and reactions to ostracism, our investiga-
tion is focused on 5- and 10-year-old children, which are also the extreme ages tested in the
emotion recognition task used by Gao & Maurer [44] and employed in the current study.

Ostracism was induced using the well-established Cyberball paradigm [7], an online ball-
tossing game in which children were either included (i.e., frequently received the ball during
the entire game), or ostracized (i.e., received the ball only twice at the beginning of the game,
and then never again). Already widely used in adults, recent research suggests that the Cyber-
ball is equally efficient at inducing ostracism in children from 5 years of age [5, 28-31]. Follow-
ing the Cyberball game, children participated in an emotion recognition task, adapted from
the study by Gao & Maurer [44], in which they were asked to identify facial expressions of
emotions displayed by women at different intensities. Given that our task comprised two dif-
ferent phases (i.e., the Cyberball paradigm and the facial emotion recognition task), in order to
avoid a prolonged and tiring experimental session, we preferred to focus only on two facial
expressions of emotions, specifically on two negative facial expressions (i.e., anger and fear).
Indeed, positive facial expressions have been shown to be recognized much earlier and much
more accurately than negative ones during development [e.g., 41, 42], thus they are likely less
malleable to social exclusion manipulation. The emotions of fear and anger were chosen for
their evolutionary function of signaling a potential danger, which might be relevant when
exposed to a social threat such as ostracism. Moreover, fear and anger might be experienced
when children are ostracized [6, 47-49]. We did not include sadness because data suggest that
young children are more likely to misidentify it as neutral, disgusted, or fearful [50]. However,
as in Gao and colleagues [44], we included neutral expressions to prevent children from think-
ing that all faces necessarily expressed a negative emotion.

Based on evidence of its robust effect in modulating individuals’ behaviour and cognition
[3, 4, 15], we expected ostracism to induce considerable changes in children’s emotion recog-
nition performance. In particular, consistent with previous adult studies [12, 16] and with
Gardner and colleagues’ social monitoring model [3], we predicted that ostracized children
would show heightened emotion recognition abilities as compared to included ones, anger
and fear being especially relevant in socially-threatening situations such as ostracism. Alterna-
tively, in agreement with most recent models on the development of emotion recognition abil-
ities attributing distinct visual and neural processing in response to different emotions [37-39,
51, 52], it is also possible that the effects of ostracism may differ depending on the observed
emotion. In line with the available literature, we expected age to modulate children’s ability to
recognize emotions, with older children showing better emotion recognition performance
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than younger ones, but we presumed that in both age groups recognition of emotional expres-
sions could be modulated by ostracism.

Methods
Participants

A total of 100 children was included in the final sample, from whom fifty 5-year-olds (28 girls;
M,ge = 5.38 years, SD,g. = 0.31 years), and fifty 10-year-olds (25 girls; Mg = 10.49 years, SD g,
=0.22 years). In each age group, half of the participants was randomly assigned to the inclusion
condition (N = 25), and the other half to the ostracism condition (N = 25). Five additional par-
ticipants were tested but excluded from the final sample due to atypical motor development
(N =1 in the 5-year-old group), neurodevelopmental disorders (N = 1 in the 10-year-old
group), because the child refused to take part in the task (N = 2 equally distributed in the two
age groups), or because testing was not completed (N = 1 in the 5-year-old group). Participants
were recruited from a local database of parents, who had previously volunteered to participate
in child development studies. Children were recruited from a diverse urban environment
including the metropolitan and suburban areas of Milano (Italy), characterized by approxi-
mately 75% of European individuals [53]. In order to participate in the study, participants had
to be born with normal birth weight and no history of neurological disorders, or pre- or peri-
natal complications. All children had normal or corrected-to-normal vision. Based on the
available literature using comparable procedures [47, 44, 50] and on an a priori power analysis
conducted using the G*Power software [54], a sample size of 98 participants was estimated in
order to have 80% probability to detect a significant interaction (o = .05) with a medium effect
size (f = .25) in a mixed model, following Cohen’s guidelines [55]. Participants were recruited
via written invitation based on birth records of neighboring cities. Informed written consent
was given by both the parents and the children prior to the participation in the study. The pro-
cedure followed the ethical standards of the Declaration of Helsinki (BM] 1991; 302: 1194) and
was approved by the Ethical Committee of the University of Milano-Bicocca (Protocol num-
ber: 556).

Procedure

The entire study took place online, so each child participated from home on a computer pro-
vided by her/his family. Once the parents accepted to participate in the study, families were
sent a document via email containing a detailed description of the procedure, the instruc-
tions to complete the task, and a link to access it. Participants accessed the Qualtrics platform
(Qualtrics, Provo, UT), where they were redirected to the Cyberball webpage. At this point,
each child took part in a training phase to be briefly familiarized with the online catch-and-
throw game and learn how to play [7]. Next, participants took part in the actual Cyberball
phase, where the inclusion/ostracism manipulation occurred. Lastly, all children re-entered
the Qualtrics platform, in which they were asked to identify the different emotions expressed
on photographs of woman’s faces. Precise instructions were given to parents to sit back and
never help the child, who had to complete the task by himself or herself. Parents’ intervention
was allowed only when the child did not intend to continue the task; exclusively in this case,
parents were instructed to encourage the child to continue the task. Once parents gave their
consent for the participation of their child to the study, they passed on the computer to the
child.

Cyberball paradigm. Before starting the Cyberball training phase, children were given
detailed video instructions on how to play the game. They were told that they would play a
ball tossing game with two other children, Laura and Marco, playing from home too. In
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reality, the other children were computer-programmed players, who were represented by a
picture of a child’s face and an avatar shown at the bottom of the screen. After Williams and
colleagues’ [7] well-established procedure, participants were instructed that when they had
the ball, they could throw it to the player of their choice by clicking with the mouse on his or
her image, and that when the other players had the ball, they could also decide who to throw
it to. Finally, they were explained that the game was not a competition, but a game of imagi-
nation, and were asked to imagine being at the park, throwing the ball with Laura and
Marco. The training phase consisted of a very brief version of the Cyberball. Children were
told that this part was a training to learn how to play the game. The ball was placed in the
hands of the avatar representing the child, who could decide to throw it to one of the other
two avatars by clicking on it. The overall training phase lasted five throws, of which two were
performed by the child.

Children were then instructed that the real game with the two other children was about to
start. Children were randomly assigned to the social inclusion or ostracism condition. In both
cases, the Cyberball game was programmed to last 18 throws (around 2 minutes overall). Chil-
dren assigned to the inclusion condition received the ball a third of the time (i.e., 6 times out of
a total of 18 throws), so that each player participated to the game equitably. Children assigned
to the ostracism condition received the ball only twice at the beginning of the game and were
then ignored by the other two players, who kept passing the ball to each other until they
reached 18 throws.

The Cyberball paradigm was adapted to children and based on past research showing that
its average effect was large and generalizable across structural (i.e., number of throws, duration
of ostracism, etc.) and sampling (i.e., age, gender, nationality) aspects (for details, see the
meta-analysis [3]). The number of throws was chosen based on Hawes and colleagues [31],
who found the optimal number of 20 throws for children of 8 to 12 years of age, which was
adjusted to 18 throws to make it equitable across players in case of inclusion (multiple of 3).
Although most previous studies investigated the effects of Cyberball on adults, a few recent
studies confirmed the robustness of the ostracism manipulation on children ranging from 5 to
10 years of age [5, 28-31]. On a qualitative account, parents of excluded children frequently
(35% of 5-year-old children; 87% of 10-year-old children) reported that their child verbalized
feelings of distress and sadness (e.g., “why did they stop passing me the ball?”, “I don’t like this
game!”, or “I am not playing anymore”), while none of these signs was noted by the parents of
included participants.

Emotion recognition task. Immediately after the Cyberball game, children participated
in the emotion recognition task where they were asked to identify different expressions on
photographs of woman faces (i.e., angry, fearful and neutral expressions). They were first
informed that they would see photographs of either Flavia or Valentina, who sometimes felt
angry, sometimes scared, and sometimes did not feel anything. Then, the experimenter asked
the child to help him understand how the two friends felt. The photographs were presented
one by one at the center of the screen, and below were displayed the three potential answers in
the form of schematic faces posing angry, fearful or neutral expressions. Children were asked
to identify Valentina’s or Flavia’s facial expression, by clicking on the matching schematic face
below the photograph. In order to make sure that each child knew which emotion was
depicted on the different schematic faces they were verbally labelled during the instruction
video before starting the task. The schematic faces were identical to those used in Gao and
Maurer’s studies [44, 50], and the order of presentation of the photographs and the relative
positions of the schematic faces below each photograph were randomly set. Upon completion
of the two tasks, all children were thanked for taking part in the games and debriefed in accor-
dance with procedures established for Cyberball studies [56].
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Stimuli

The stimuli were extracted from Gao and Maurer’s [50] study and were composed of a total
of 20 photographs posed by two women expressing either anger, fear or neutral expressions.
Stimuli were selected from the NimStim Set of Facial Expressions ([57] models 3 and 10),
based on adults’ high accuracy and intensity ratings for the expressions of anger (M, =
95%, M, = 6.1 on a 7-point scale) and fear (M, = 81.5%, M;, = 5.9 on a 7-point scale)
[57, 58]. They were coloured photographs with a resolution of 506 x 650 pixels. Contrary to
most studies using only peak intensities, we chose to display photographs of emotional
expressions at varying levels of intensity. Indeed, recognizing subtle expressions of emo-
tions might be a great asset for successful social interactions, particularly when attempting
to reconnect with others after being excluded. In addition, in the eventuality of children
performing perfectly at the highest intensities of emotion, differences in emotion recogni-
tion abilities might be visible only at lower intensities. Thus, we decided to use Gao and
Maurer’s stimuli [44, 50], who morphed photographs (selected from the NimStim database;
[57]) of highly intense facial emotional expressions with photographs of neutral faces of the
same models to create different levels of intensity. In this way, they created 20 levels of
intensity with 5% increments, ranging from 5 to 100% (for details, see [48]). After Bayet
and colleagues [59] we decided to present only two woman’s faces to children, and since
our study was held online and comprised two different phases (i.e., Cyberball game and
facial recognition task), we kept only a subset of these stimuli by reducing the number of
intensity levels to 4 (i.e., intensity of 25%, 50%, 75% and 100%). Thus, each model expressed
two different emotions at four levels of intensities as well as two neutral faces, resulting in a
total of 20 photographs (2 models x 2 emotions x 4 intensities, plus 2 models x 2 neutral
faces). As in Gao and colleagues [44, 50], the neutral expressions prevented children from
thinking that all faces necessarily expressed a negative emotion, and were used for the cal-
culation of two of the variables described in the analysis part below (i.e., threshold and
misidentification).

Analysis

Statistical analyses were performed on three different dependent variables. First, similarly to
most emotion recognition studies [12, 16, 22, 60], we calculated the mean accuracy for each
emotion (i.e., fear and anger), that is, the proportion of correct identifications of the emotion
over all its different intensities. Following Gao and Maurer [44, 50], two other dependent vari-
ables were also examined. Indeed, having various levels of intensities meant that children
could make two different types of errors. The first type of error involded a failure to detect any
emotion on a low-intensity emotional face, mistaking it for a neutral face. It was measured by
calculating the thresholds at which children detected an emotion on a face, identifying it as
non-neutral. The second type of error was the misidentification of an emotion (i.e., mistaking
one emotion for another). This type of error was calculated by measuring the percentage of
misidentification for all faces that were recognized as non-neutral (i.e., above the threshold).
These two latter measures provide complementary and more precise information concerning
children’s ability to recognize the observed emotional expressions. Indeed, differently from the
threshold and misidentification measures, the analysis of accuracy confounds the two types of
mentioned errors: for example, seeing an angry face as neutral and mistaking a fearful face as
angry. Thus, the threshold score provides a more nuanced comprehension of whether the
observed intensity of a facial expression is sufficient to distinguish it from a neutral expression,
while misidentification offers a more precise measure of errors resulting from assigning a facial
expression to an incorrect emotion category.
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Accuracy. The mean accuracy was calculated for each emotion by summing the number
of correct identifications of that emotion over the different intensities (i.e., at 25%, 50%, 75%
and 100% intensity) and dividing it by the total number of intensities (i.e., 4). Accuracies were
calculated for each participant by averaging the accuracies obtained across the two models for
each emotional expression (i.e., fear and anger).

Threshold. The threshold represented the level of intensity at which children identified
an expression as non-neutral, that is, children’s sensitivity to this emotion. To calculate it,
responses were divided into two categories: the neutral responses, when children did not
detect any emotion at all (e.g., fear identified as neutral), and the non-neutral responses, when
children detected an emotion, whether it was correct (e.g., fear identified as fear) or mistaken
(e.g., fear identified or anger). After Gao and Maurer [44, 50], the responses of each participant
to each emotion were then fitted with a cumulative Gaussian function to obtain a probability
of identification of 0.5. That is, the threshold represented the intensity at which 50% of the
time children identified the emotional face as neutral, and 50% of the time they identified it as
expressive. The thresholds were calculated for each participant by averaging the thresholds
obtained across the two models for each expression. Thus, a low threshold meant that the child
successfully identified a face expressing an emotion at a low level of intensity as non-neutral.
In sum, the child showed a high sensitivity to this emotion.

Misidentification rate. The misidentification rates represented the frequency of errone-
ous identifications of emotions among the faces that were recognized as non-neutral. Consid-
ering only the data above the threshold, it was calculated by dividing the frequency of
misidentification by the total number of responses above the threshold. The misidentification
rates were calculated for each participant by averaging the rates obtained across the two mod-
els for each expression.

Statistical analysis

The same statistical analysis was performed for accuracies, thresholds and misidentification
rates. Since preliminary analysis indicated no effect of the model on the results, all analyses
were performed on values averaged across both models. In order to investigate the effect of
ostracism on emotion recognition in the two age groups, we conducted a linear mixed model
analysis, with age group (5- and 10-year-olds), condition (inclusion and ostracism), and emo-
tion (anger and fear) as fixed effects, and intercept as a random effect. Furthermore, to
explore the eventual interaction effect between age, condition and emotion factors, linear
mixed model analyses will be performed in each age group independently, with condition
(inclusion, ostracism) and emotion (anger and fear) as fixed effects, and intercept as a ran-
dom effect. For each age group with a significant main effect or interaction, planned compar-
isons will be conducted using independent samples t-tests to examine the effect of the
condition for each emotion separately, and paired sample t-tests to investigate differences in
recognition of the different emotions within each condition. All these comparisons were
planned a priori, based on our hypothesis that ostracism may differently affect the recogni-
tion of the two emotions.

Pairwise comparisons were performed by applying t-tests and Fisher’s least significant dif-
terence procedure [61], and Holm-Bonferroni correction was used where appropriate [62].
After Nakagawa & Schielzeth [63] effect sizes for mixed models were computed as the differ-
ence in R? between the full-factorial and the basic model (i.e., not including the selected effect
of interest). In addition, effect sizes for t-tests were estimated using Cohen’s d measure, and
the data are reported as means and standard deviations (SDs). All statistical analyses were per-
formed on Jamovi 1.6.15 (https://jamovi.org) using a two-tailed .05 level of significance.
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Results
Accuracy

The linear mixed model performed on accuracies revealed a significant main effect of age
group, F(1, 96) = 13.13, p < .001, with 5-year-olds showing lower accuracy than 10-year-olds
(5-year-olds: M = 0.76, SD = 0.13; 10-year-olds: M = 0.82, SD = 0.12). In addition, a significant
main effect of emotion was found, F(1, 96) = 26.70, p < .001, with children identifying more
accurately expressions of fear (M = 0.83 SD = 0.14) than anger (M = 0.75, SD = 0.11). In sum,
10-year-olds were overall more accurate at recognizing emotions than 5-year-olds, and all chil-
dren were overall more accurate at recognizing fear than anger. Importantly, these main effects
were qualified by a significant emotion x age group x condition interaction, F(1, 96) = 4.41, p =
.04, which was inspected by means of two separate 2 (condition) x 2 (emotion) linear mixed
model analyses for each age group. The AR for the model was .038.

5-year-old children. The linear mixed model performed on 5-year-olds’ accuracy
revealed a significant main effect of emotion, F(1, 48) = 4.90, p = .03, with fear being identified
more accurately (M = 0.78, SD = 0.14) than anger (M = 0.73, SD = 0.11). This main effect was
qualified by a significant interaction between emotion and condition, F(1, 48) = 5.93, p = .02.
Planned comparisons revealed that ostracized children identified more accurately fearful
(M =0.81, SD = 0.13) than angry expressions (M = 0.71, SD = 0.11; Fig 1a), t(24) = 3.20,p =
.02, d = .64, Conversely, no difference was observed in the inclusion condition, and the com-
parisons between the two conditions for each emotion separately did not reach statistical sig-
nificance (all ps > .30). The AR? for the model was .045.

10-year-old children. The linear mixed model conducted on 10-year-olds’ accuracy
revealed a significant main effect of emotion, F(1, 48) = 26.95, p < .01, with fear being identi-
fied more accurately (M = 0.88, SD = 0.11) than anger (M = 0.77, SD = 0.11; Fig 1b). No signifi-
cant main effect of condition nor any interaction was observed (all ps > .30). Planned
comparisons were nonetheless conducted to further confirm that both included and ostracized
children identified more accurately fearful than angry expressions (inclusion: fearful M = 0.89,
SD =0.11; angry M = 0.77, SD = 0.13, #(24) = 3.67, p = .004, d = .73; ostracism: fearful
M =0.86, SD = 0.12; angry M = 0.76, SD = 0.09 £(24) = 3.70, p = .04, d = .74). The AR’ for the
model was .193.

Threshold

The linear mixed model performed on threshold scores revealed a significant main effect of
age group, F(1,96) = 12.36, p < .001, with 5-year-olds showing higher thresholds (M = 37.00%,
SD = 12.90%) than 10-year-olds (M = 30.50%, SD = 12.70%). A significant main effect of emo-
tion was also observed, F(1,96) = 25.97, p < .001, with thresholds for anger (M = 37.70%,
SD = 11.30%) being higher than thresholds for fear (M =29.80%, SD = 13.70%). In sum,
5-year-old children were less sensitive to subtle expressions of emotions than 10-year-olds,
and children were overall less sensitive to low-intensity expressions of anger as compared to
fear. Finally, a marginal interaction was observed between the age group, emotion and condi-
tion, F(1,96) = 3.86, p = .05, which was further explored by means of two separate 2 (condition)
by 2 (emotion) linear mixed model analyses for each age group. The AR for the model was
.036.

5-year-old children. The linear mixed model performed on 5-year-olds’ thresholds
revealed a significant main effect of emotion, F(1,48) = 4.78, p = .03, with children showing
higher thresholds for anger (M = 39.40%, SD = 11.10%) than fear (M = 34.50%, SD = 14.10%),
which was qualified by a significant emotion by condition interaction, F(1,48) = 5.80, p = .02.
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Fig 1. Mean accuracy scores (+SE) in response to angry (black) and fearful (light grey) expressions for 5-year-old
(a) and 10-year-old children (b) in the inclusion and ostracism conditions. * indicates significant differences (p <
.05).

https://doi.org/10.1371/journal.pone.0287106.9001

Planned comparisons showed a significant difference in threshold between anger and fear in
the ostracism condition, #(24) = 3.19, p = .02, d = .64, with ostracized children showing higher
threshold for anger (M = 41.50%, SD = 10.80%) than for fear (M = 31.20%, SD = 13%; Fig 2a).
No other comparison attained statistical significance (all ps > .30). No significant main effect
of condition was observed (p = .66). In sum, 5-year-old children who were previously ostra-
cized were less sensitive to subtle angry than to subtle fearful expressions. The AR for the
model was .043.

10-year-old children. The linear mixed model performed on 10-year-olds’ thresholds
only revealed a significant main effect of emotion, F(1,48) = 25.62, p < .001, with children
showing higher thresholds for anger (M = 36.00%, SD = 11.40%) than for fear (M = 25.00%,
SD = 11.60%; Fig 2b). In sum, 10-year-olds were more sensitive to subtle expressions of fear
than anger. No main effect or interaction involving condition was found (all ps > .36). Planned
comparisons were nonetheless conducted to further confirm that both included and ostracized
children exhibited lower thresholds for fearful than angry expressions (inclusion: fearful
M =23.50%, SD = 11.10%; angry M = 35.30%, SD = 13.40%; #(24) = 3.46, d = .69, p = .006;
ostracism: fearful M = 26.50%, SD = 12.14%; angry M = 36.80%, SD = 9.03%; t(24) =3.79, p <
.004, d = .76). The AR? for the model was .187.
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Fig 2. Mean threshold (+SE) for angry (black) and fearful (light grey) expressions for 5- (a) and 10-year-old
children (b) in the inclusion and ostracism conditions. * indicates significant differences (p < .05).
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Misidentification rate

The linear mixed model performed on misidentification rates revealed a significant main effect
of condition, F(1,192) = 4.07, p = .04. Indeed, children who were previously ostracized showed
lower misidentification rates (M = 0.06, SD = 0.10) than included children (M = 0.10,

SD = 0.15; Fig 3). No other significant main effect or interaction was observed (all ps > .11).
The AR? for the model was .019.

Discussion

It is known that ostracism affects adults’ processing of social signals. Nonetheless, available lit-
erature examining the consequences of ostracism on children has never investigated its impact
on children’s face processing and specifically on their capacity to recognize emotional faces.
The current study was aimed at investigating whether, in line with the social monitoring
model [15], social manipulations of inclusion and ostracism modulate children’s ability to rec-
ognize facial expressions of emotions displayed at different levels of intensity. To do so, 5- and
10-year-old children participated in an online Cyberball game and then completed a facial
emotion recognition task in which they were required to identify emotions (or the absence of
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Fig 3. Mean misidentification rates (+SE) for angry (black) and fearful (light grey) expressions in the ostracism
and inclusion conditions. * indicates a significant difference.
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emotion) on faces displaying either neutral expressions or varying levels of intensity of angry
and fearful facial expressions (ranging from low, i.e., 25% level of intensity, to peak intensity).
As expected, the two age groups differed in their overall accuracy and sensitivity to facial
expressions, with 5-year-olds being less accurate and less sensitive to fearful and angry faces
than 10-year-olds. This finding is in agreement with previous research showing that children’s
accuracy at recognizing emotions gradually improves with age and undergoes a sharp increase
between 3- and 7-year-olds [40-42]. This improvement in children’s performance might
reflect increasing cognitive and socio-emotional abilities, such as attention, understanding of
social and emotional situations, or perspective-taking [64, 65], which facilitates the recognition
of emotional expressions in older children.

Consistent with the few studies showing that Cyberball-induced social manipulations can
affect diverse aspects of children’s cognition [26, 30, 31], the current study showed that inclu-
sion and ostracism also elicited significant changes in children’s recognition of emotional
facial expressions. In particular, results indicated lower misidentification rates for children
who were previously ostracized as compared to children who were previously included, inde-
pendently of children’s age and emotion observed. Thus, misidentification results are consis-
tent with prior findings in adults [12, 16], implying that ostracism enhanced children’s
emotion decoding abilities. This aligns with Gardner and colleagues’ model [15], proposing
that individuals possess a social monitoring system that directs attention and cognitive
resources on social cues when their belonging needs are threatened. Thus, in an ostracism sce-
nario, proficiently decoding others’ emotions could be a useful asset for facilitating re-
inclusion.

A partially different result pattern was observed for accuracy and sensitivity (i.e., threshold)
measures, as only 5-year-olds’ decoding abilities were affected by the social manipulation,
while no difference between the inclusion and ostracism conditions was observed for 10-year-
olds. Indeed, at age 10, all children showed higher accuracy and sensitivity for expressions of
fear as compared to anger. Different interpretations may be proposed for the absence of a sig-
nificant effect of the Cyberball manipulation on accuracy and sensitivity in 10-year-old chil-
dren. One possibility is that the overall better performance of 10-year-olds may have masked
the effect of our main experimental manipulation. Another possibility is that, with
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development, the evolutionary function of fear as a signal of potential danger in the environ-
ment becomes particularly relevant, regardless of the social context, leading to increased prior-
itization of recognizing fearful faces over other emotional expressions like anger. This
interpretation aligns with prior work suggesting that facial emotion recognition continues to
mature during childhood, with fear being one of the last emotions to be accurately identified
[66]. Furthermore, it is plausible that the specific design employed in the current study may
have hindered the observation of more subtle differences in children’s emotion recognition
abilities following the Cyberball manipulation. The limitation of using only four intensity lev-
els (i.e., 25%, 50%, 75%, and 100%) may have hindered the detection of finer differences in
accuracy and sensitivity, including differences below 25% of intensity, as observed in Gao and
Maurer [44]. Also, the use of an online procedure in our study (see below) may have reduced
the effectiveness of the task for 10-year-olds. Further research investigating the impacts of
social inclusion and ostracism on children’s processing of emotional expressions is necessary
to provide a more definitive understanding of this issue.

Crucially, the Cyberball manipulation significantly impacted 5-year-olds’ emotion recogni-
tion abilities, considering accuracy and sensitivity measures. Indeed, ostracized 5-year-olds
were more accurate and sensitive to fearful than angry expressions, while included 5-year-olds
did not exhibit this difference. This suggests that, at 5 years of age, the prioritization of the
decoding of fearful faces is maintained only in socially-threatening contexts such as ostracism,
while a safe context of inclusion might constitute a social signal to stop prioritizing the decod-
ing of fear over other expressions. Consistently, our findings revealed an advantage in process-
ing fearful faces, except in the inclusion condition for younger children. These results suggest
that the ability to accurately recognize fearful faces at an earlier developmental stage may be
more permeable to the effects of positive or negative social interactions, such as being included
or ostracized by other peers. Overall, our results are consistent with prior research showing the
impact of ostracism on children’s cognitive abilities [26, 30, 31]. Indeed, we observed differ-
ences between inclusion and ostracism conditions in all three measures (i.e., accuracy, sensitiv-
ity, and misidentification rates) related to emotion recognition, although the extent of
modulation varied across measures and age groups.

Obtained results for the misidentification rate were the same for both emotions and age
groups, with ostracized children showing lower overall misidentification rates than included
children. These findings are in line with data deriving from studies conducted with adults [12,
16] and with the social monitoring system model [15], according to which excluded individu-
als should exhibit a general improvement in emotion recognition (i.e., for all emotions). Inter-
estingly, our results also suggest that inclusion might lead to a decrease in 5-year-olds’
accuracy and sensitivity specifically for fearful expressions. This modulation of recognition
capacities was solely observed for fearful expressions, and only in the youngest age group.
Thus, while adults’ emotion processing is mostly affected by the manipulation of ostracism
rather than inclusion [12, 16], our results indicate that the higher recognition performance
recorded for fearful stimuli was consistently present, but absent in the younger age group
when socially included. This suggests that younger children appear particularly affected by
social inclusion rather than ostracism.

Despite this study used a robust and widely employed experimental paradigm for ostracism,
there are some limitations that need to be addressed in future research. Indeed, available litera-
ture in social psychology suggests that inclusion serves as a suitable control condition for ostra-
cism [66], as it implies an expected and non-elevatory level of inclusion. However, upcoming
studies could examine whether incorporating an additional control condition (e.g., Cybertree),
might reveal different results concerning the impact of ostracism on children’s capacity to rec-
ognize facial emotional expressions. Importantly, while the use of an online procedure might
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represent a further element of originality and novelty of the current study, it might as well
imply possible limitations. Indeed, online experimental studies intrinsically provide a series of
advantages well documented in recent literature, such as (1) easy access to a demographically
and culturally diverse participant population; (2) bringing the experiment to the participant
instead of the opposite; (3) high statistical power due to the possibility to involve large samples;
and (4) cost savings of lab space, person-hours, equipment, and administration [67-69]. None-
theless, the fact that our study was held online might have entailed some differences in testing
conditions across participants (e.g., size of the screen, familiarity with the use of the computer,
environmental distractions), as well as a lack of control of these conditions, that might have
masked or amplified potential effects, thus modulating children’s performance. In addition,
the online participation also implied that the experiment took place in the children’s homes, in
the presence of parents and several possible distractions. As no catch trials were included in
the current procedure, this raises the important issue of the need to control participants’ atten-
tion, especially in online procedures, as the current procedure was not designed to evaluate
participants’ attention during the task. Thus, future studies are required to further investigate
this aspect and provide more confidence in the obtained results. Additionally, as children were
tested at home in the presence of parents, it is possible that they may have affected children’s
performance. Precise instructions were given to parents, who were asked to sit back, never
help the child, and limit their intervention to strictly defined situations in which the child did
not intend to continue the task. Yet, the closeness of a parent by itself might have somehow
modulated children’s reactions to inclusion or ostracism during the Cyberball paradigm as
well as children’s performance on the recognition of emotional faces. Future studies in which
an experimenter can monitor the behaviour of the child in person and in the absence of the
possible interference of parents will clarify these aspects. Note however that several studies
recently investigated children’s face processing using an online procedure [e.g., 70] and that
we applied the same online procedure to all conditions and participants, thus likely limiting
the impact of any intervening variable.

Furthermore, although the Primary Needs Questionnaire—Children [71], which could reli-
ably assess participants’ reaction to the Cyberball manipulation, is not available for children
under 6 years of age, our online procedure allowed parents to report a brief written note about
their children’s reactions to the experimental session. Indeed, parents of children assigned to
the ostracism condition frequently (35% of 5-year-old children; 87% of 10-year-old children)
reported that their child manifested or verbalized feelings of distress and sadness, while no sig-
nals of sadness or distress were noted by the parents of included participants. It would be inter-
esting for future research to examine this aspect further by using more implicit measures, such
as coding of children’s behavioural reactivity during the Cyberball or using children’s affiliative
drawings [27, 72].

To sum up, the current study presented evidence that Cyberball-induced social manipula-
tions modulate children’s recognition of facial expressions, constituting another step towards a
better comprehension of the extensive range of effects brought by social inclusion and ostra-
cism. To fully examine the effects of social inclusion and ostracism across development, future
research should investigate its physiological and psychological consequences using the same
experimental design and methodology at different developmental stages. This could allow us
to better understand the developmental trajectories of the strategies adopted to cope with
ostracism.

Acknowledgments
The authors are grateful to all families who kindly agreed to participate in this study.

PLOS ONE | https://doi.org/10.1371/journal.pone.0287106  June 15, 2023 13/17


https://doi.org/10.1371/journal.pone.0287106

PLOS ONE

Ostracism modulates children’s recognition of emotional facial expressions

Author Contributions

Conceptualization: Julia Mermier, Ermanno Quadrelli, Hermann Bulf, Chiara Turati.
Data curation: Julia Mermier, Ermanno Quadrelli.

Formal analysis: Julia Mermier, Ermanno Quadrelli.

Investigation: Julia Mermier.

Methodology: Julia Mermier, Ermanno Quadrelli, Hermann Bulf, Chiara Turati.
Project administration: Julia Mermier, Hermann Bulf, Chiara Turati.
Resources: Chiara Turati.

Software: Julia Mermier.

Supervision: Hermann Bulf, Chiara Turati.

Visualization: Julia Mermier, Ermanno Quadrelli.

Writing - original draft: Julia Mermier.

Writing - review & editing: Julia Mermier, Ermanno Quadrelli, Hermann Bulf, Chiara
Turati.

References

1. Baumeister R. F., & Leary M. R. (1995). The Need to Belong: Desire for Interpersonal Attachments as a
Fundamental Human Motivation. Psychological Bulletin, 117(3), 34. PMID: 7777651

Maslow, A. H. (2013). Toward a psychology of being. Simon and Schuster.

3. Hartgerink C. H. J., van Beest |., Wicherts J. M., & Williams K. D. (2015). The Ordinal Effects of Ostra-
cism: A Meta-Analysis of 120 Cyberball Studies. PLOS ONE, 10(5), e0127002. https://doi.org/10.1371/
journal.pone.0127002 PMID: 26023925

4. Willams K. D., & Nida S. A. (2011). Ostracism: Consequences and Coping. Current Directions in Psy-
chological Science, 20(2), 71-75. https://doi.org/10.1177/0963721411402480

5. Abrams D., Weick M., Thomas D., Colbe H., & Franklin K. M. (2011). On-line ostracism affects children
differently from adolescents and adults: Ostracism: children, adolescents, adults. British Journal of Devel-
opmental Psychology, 29(1), 110-123. https://doi.org/10.1348/026151010X494089 PMID: 21288256

6. Williams K. D. (2007). Ostracism. Annual Review of Psychology, 58(1), 425—452. https://doi.org/10.
1146/annurev.psych.58.110405.085641 PMID: 16968209

7. Williams K. D., Cheung C. K. T., & Choi W. (2000). Cyberostracism: Effects of being ignored over the
Internet. Journal of Personality and Social Psychology, 79(5), 748-762. https://doi.org/10.1037//0022-
3514.79.5.748 PMID: 11079239

8. Carter-Sowell A. R., Chen Z., & Williams K. D. (2008). Ostracism increases social susceptibility. Social
Influence, 3(3), 143—153. https://doi.org/10.1080/15534510802204868

9. Kawamoto T., Nittono H., & Ura M. (2014). Social exclusion induces early-stage perceptual and behav-
ioral changes in response to social cues. Social Neuroscience, 9(2), 174—185. https://doi.org/10.1080/
17470919.2014.883325 PMID: 24499456

10. LakinJ.L., Chartrand T. L., & Arkin R. M. (2008). | Am Too Just Like You: Nonconscious Mimicry as an
Automatic Behavioral Response to Social Exclusion. Psychological Science, 19(8), 816-822. https://
doi.org/10.1111/j.1467-9280.2008.02162.x PMID: 18816290

11. VacaruS. V., van Schaik J. E., de Water E., & Hunnius S. (2020). Five-year-olds’ facial mimicry follow-
ing social ostracism is modulated by attachment security. PLOS ONE, 15(12), €0240680. https://doi.
org/10.1371/journal.pone.0240680 PMID: 33373379

12. CheungE. O, Slotter E. B., & Gardner W. L. (2015). Are you feeling what I'm feeling? The role of facial
mimicry in facilitating reconnection following social exclusion. Motivation and Emotion, 39(4), 613-630.
https://doi.org/10.1007/s11031-015-9479-9

13. Twenge J. M., Baumeister R. F., Tice D. M., & Stucke T. S. (2001). If you can’t join them, beat them:

Effects of social exclusion on aggressive behavior. Journal of Personality and Social Psychology, 81
(6), 1058—1069. https://doi.org/10.1037//0022-3514.81.6.1058 PMID: 11761307

PLOS ONE | https://doi.org/10.1371/journal.pone.0287106  June 15, 2023 14/17


http://www.ncbi.nlm.nih.gov/pubmed/7777651
https://doi.org/10.1371/journal.pone.0127002
https://doi.org/10.1371/journal.pone.0127002
http://www.ncbi.nlm.nih.gov/pubmed/26023925
https://doi.org/10.1177/0963721411402480
https://doi.org/10.1348/026151010X494089
http://www.ncbi.nlm.nih.gov/pubmed/21288256
https://doi.org/10.1146/annurev.psych.58.110405.085641
https://doi.org/10.1146/annurev.psych.58.110405.085641
http://www.ncbi.nlm.nih.gov/pubmed/16968209
https://doi.org/10.1037//0022-3514.79.5.748
https://doi.org/10.1037//0022-3514.79.5.748
http://www.ncbi.nlm.nih.gov/pubmed/11079239
https://doi.org/10.1080/15534510802204868
https://doi.org/10.1080/17470919.2014.883325
https://doi.org/10.1080/17470919.2014.883325
http://www.ncbi.nlm.nih.gov/pubmed/24499456
https://doi.org/10.1111/j.1467-9280.2008.02162.x
https://doi.org/10.1111/j.1467-9280.2008.02162.x
http://www.ncbi.nlm.nih.gov/pubmed/18816290
https://doi.org/10.1371/journal.pone.0240680
https://doi.org/10.1371/journal.pone.0240680
http://www.ncbi.nlm.nih.gov/pubmed/33373379
https://doi.org/10.1007/s11031-015-9479-9
https://doi.org/10.1037//0022-3514.81.6.1058
http://www.ncbi.nlm.nih.gov/pubmed/11761307
https://doi.org/10.1371/journal.pone.0287106

PLOS ONE

Ostracism modulates children’s recognition of emotional facial expressions

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Warburton W. A., Williams K. D., & Cairns D. R. (2006). When ostracism leads to aggression: The mod-
erating effects of control deprivation. Journal of Experimental Social Psychology, 42(2), 213-220.
https://doi.org/10.1016/j.jesp.2005.03.005

Gardner W. L., Pickett C. L., & Brewer M. B. (2000). Social Exclusion and Selective Memory: How the
Need to belong Influences Memory for Social Events. Personality and Social Psychology Bulletin, 26
(4), 486—496. https://doi.org/10.1177/0146167200266007

Pickett C. L., Gardner W. L., & Knowles M. (2004). Getting a Cue: The Need to Belong and Enhanced
Sensitivity to Social Cues. Personality and Social Psychology Bulletin, 30(9), 1095—1107. https://doi.
org/10.1177/0146167203262085 PMID: 15359014

Baumeister R. F., Twenge J. M., & Nuss C. K. (2002). Effects of social exclusion on cognitive pro-
cesses: Anticipated aloneness reduces intelligent thought. Journal of Personality and Social Psychol-
ogy, 83(4), 817-827. https://doi.org/10.1037//0022-3514.83.4.817 PMID: 12374437

Haxby J. V., Hoffman E. A., & Gobbini M. I. (2002). Human neural systems for face recognition and
social communication. Biological psychiatry, 51(1), 59-67. https://doi.org/10.1016/s0006-3223(01)
01330-0 PMID: 11801231

Turati, C., Quadrelli E. (2017). Face perception and recognition In B. Hopkins, E. Geangu, S. Linkenau-
ger (Eds.), The Cambridge encyclopedia of child development, Cambridge University Press, New York
(2017), pp. 304-309.

DeWall C. N., Maner J. K., & Rouby D. A. (2009). Social exclusion and early-stage interpersonal per-
ception: Selective attention to signs of acceptance. Journal of Personality and Social Psychology, 96
(4), 729-741. https://doi.org/10.1037/a0014634 PMID: 19309198

Sacco D. F., Wirth J. H., Hugenberg K., Chen Z., & Williams K. D. (2011). The world in black and white:
Ostracism enhances the categorical perception of social information. Journal of Experimental Social
Psychology, 47(4), 836—842. https://doi.org/10.1016/j.jesp.2011.03.001

Bernstein M. J., Young S. G., Brown C. M., Sacco D. F., & Claypool H. M. (2008). Adaptive
Responses to Social Exclusion: Social Rejection Improves Detection of Real and Fake Smiles. Psy-
chological Science, 19(10), 981-983. https://doi.org/10.1111/j.1467-9280.2008.02187.x PMID:
19000206

Quadrelli, E., Mermier, J., Nazzari, S., Bulf, H., Turati, C. (2023). You can’t play with us: first-person
ostracism affects infants’ behavioural reactivity. Manuscript submitted for publication.

Hopkins Z. L., & Branigan H. P. (2020). Children show selectively increased language imitation after
experiencing ostracism. Developmental Psychology, 56(5), 897-911. https://doi.org/10.1037/
dev0000915 PMID: 32191052

Watson-Jones R. E., Whitehouse H., & Legare C. H. (2016). In-Group Ostracism Increases High-Fidel-
ity Imitation in Early Childhood. Psychological Science, 27(1), 34—42. https://doi.org/10.1177/
0956797615607205 PMID: 26573906

Marinovi¢ V., Wahl S., & Trauble B. (2017). “Next to you”—Young children sit closer to a person follow-
ing vicarious ostracism. Journal of Experimental Child Psychology, 156, 179—185. https://doi.org/10.
1016/j.jecp.2016.11.011 PMID: 28063604

Song R., Over H., & Carpenter M. (2015). Children draw more affiliative pictures following priming with
third-party ostracism. Developmental Psychology, 51(6), 831-840. https://doi.org/10.1037/a0039176
PMID: 25915591

Over H., & Carpenter M. (2009). Eighteen-Month-Old Infants Show Increased Helping Following Prim-
ing with Affiliation. Psychological Science, 20(10), 1189—1193. https://doi.org/10.1111/j.1467-9280.
2009.02419.x PMID: 19674388

Watson-Jones R. E., Legare C. H., Whitehouse H., & Clegg J. M. (2014). Task-specific effects of ostra-
cism on imitative fidelity in early childhood. Evolution and Human Behavior, 35(3), 204-210. https://doi.
org/10.1016/j.evolhumbehav.2014.01.004

Marinovi¢ V., & Trauble B. (2018). Vicarious social exclusion and memory in young children.
Developmental Psychology, 54(11), 2067-2076. https://doi.org/10.1037/dev0000593 PMID:
30265029

Hawes D. J., Zadro L., Fink E., Richardson R., O’Moore K., Griffiths B., et al. (2012). The effects of peer
ostracism on children’s cognitive processes. European Journal of Developmental Psychology, 9(5),
599-613. https://doi.org/10.1080/17405629.2011.638815

Mermier J., Quadrelli E., Turati C., & Bulf H. (2022). Sequential learning of emotional faces is statistical
at 12 months of age. Infancy, 27(3), 479-491.

Quadrelli E., Brenna V., Monaco S., Turati C., & Bulf H. (2020). Emotional facial expressions affect
visual rule learning in 7-to 8-month-old infants. Infant Behavior and Development, 61, 101501. https:/
doi.org/10.1016/j.infbeh.2020.101501 PMID: 33161207

PLOS ONE | https://doi.org/10.1371/journal.pone.0287106  June 15, 2023 15/17


https://doi.org/10.1016/j.jesp.2005.03.005
https://doi.org/10.1177/0146167200266007
https://doi.org/10.1177/0146167203262085
https://doi.org/10.1177/0146167203262085
http://www.ncbi.nlm.nih.gov/pubmed/15359014
https://doi.org/10.1037//0022-3514.83.4.817
http://www.ncbi.nlm.nih.gov/pubmed/12374437
https://doi.org/10.1016/s0006-3223%2801%2901330-0
https://doi.org/10.1016/s0006-3223%2801%2901330-0
http://www.ncbi.nlm.nih.gov/pubmed/11801231
https://doi.org/10.1037/a0014634
http://www.ncbi.nlm.nih.gov/pubmed/19309198
https://doi.org/10.1016/j.jesp.2011.03.001
https://doi.org/10.1111/j.1467-9280.2008.02187.x
http://www.ncbi.nlm.nih.gov/pubmed/19000206
https://doi.org/10.1037/dev0000915
https://doi.org/10.1037/dev0000915
http://www.ncbi.nlm.nih.gov/pubmed/32191052
https://doi.org/10.1177/0956797615607205
https://doi.org/10.1177/0956797615607205
http://www.ncbi.nlm.nih.gov/pubmed/26573906
https://doi.org/10.1016/j.jecp.2016.11.011
https://doi.org/10.1016/j.jecp.2016.11.011
http://www.ncbi.nlm.nih.gov/pubmed/28063604
https://doi.org/10.1037/a0039176
http://www.ncbi.nlm.nih.gov/pubmed/25915591
https://doi.org/10.1111/j.1467-9280.2009.02419.x
https://doi.org/10.1111/j.1467-9280.2009.02419.x
http://www.ncbi.nlm.nih.gov/pubmed/19674388
https://doi.org/10.1016/j.evolhumbehav.2014.01.004
https://doi.org/10.1016/j.evolhumbehav.2014.01.004
https://doi.org/10.1037/dev0000593
http://www.ncbi.nlm.nih.gov/pubmed/30265029
https://doi.org/10.1080/17405629.2011.638815
https://doi.org/10.1016/j.infbeh.2020.101501
https://doi.org/10.1016/j.infbeh.2020.101501
http://www.ncbi.nlm.nih.gov/pubmed/33161207
https://doi.org/10.1371/journal.pone.0287106

PLOS ONE

Ostracism modulates children’s recognition of emotional facial expressions

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Addabbo M., Longhi E., Marchis |., Tagliabue P, Turati C. (2018). Dynamic facial expressions of emo-
tions are discriminated at birth. Plos One 13(3): e0193868. https://doi.org/10.1371/journal.pone.
0193868 PMID: 29543841

Farroni T., Menon E., Rigato S., & Johnson M. H. (2007). The perception of facial expressions in new-
borns. European Journal of Developmental Psychology, 4(1), 2—13. https://doi.org/10.1080/
17405620601046832 PMID: 20228970

Peltola M. J., Leppanen J. M., Méki S., & Hietanen J. K. (2009). Emergence of enhanced attention to
fearful faces between 5 and 7 months of age. Social cognitive and affective neuroscience, 4(2), 134—
142. https://doi.org/10.1093/scan/nsn046 PMID: 19174536

Quadrelli E., Roberti E., Polver S., Bulf H., & Turati C. (2021). Sensorimotor Activity and Network Con-
nectivity to Dynamic and Static Emotional Faces in 7- Month-Old Infants. Brain Sciences, 11(11), 1396.

Quadrelli E., Conte S., Macchi Cassia V., & Turati C. (2019). Emotion in motion: Facial dynamics affect
infants’ neural processing of emotions. Developmental Psychobiology, 61(6), 843-858. https://doi.org/
10.1002/dev.21860 PMID: 31032893

Polver S., Quadrelli E., Turati C., & Bulf H. (2022). Decoding functional brain networks through graph
measures in infancy: The case of emotional faces. Biological Psychology, 170, 108292. https://doi.org/
10.1016/j.biopsycho.2022.108292 PMID: 35217132

Camras L. A., & Allison K. (1985). Children’s understanding of emotional facial expressions and verbal
labels. Journal of Nonverbal Behavior, 9(2), 84-94. https://doi.org/10.1007/BF00987140

Durand K., Gallay M., Seigneuric A., Robichon F., & Baudouin J.-Y. (2007). The development of facial
emotion recognition: The role of configural information. Journal of Experimental Child Psychology, 97
(1), 14-27. https://doi.org/10.1016/j.jecp.2006.12.001 PMID: 17291524

Vicari S., Reilly J. S., Pasqualetti P., Vizzotto A., & Caltagirone C. (2000). Recognition of facial expres-
sions of emotions in school-age children: The intersection of perceptual and semantic categories. Acta
Paediatrica, 89(7), 836—845. https://doi.org/10.1111/j.1651-2227.2000.tb00392.x PMID: 10943968

de Sonneville L. M. et al. (2002). Facial identity and facial emotions: Speed, sccuracy, and processing
dtrategies in children and adults. Journal of Clinical and Experimental Neuropsychology 24(2), 200—
213, https://doi.org/10.1076/jcen.24.2.200.989 PMID: 11992203

Gao X., & Maurer D. (2010). A happy story: Developmental changes in children’s sensitivity to facial
expressions of varying intensities. Journal of Experimental Child Psychology, 107(2), 67—86. https://
doi.org/10.1016/j.jecp.2010.05.003 PMID: 20542282

Herba C. M., Benson P., Landau S., Russell T., Goodwin C., Lemche E., et al. (2007). Impact of familiar-
ity upon children’s developing facial expression recognition: Familiarity and facial expression recogni-
tion. Journal of Child Psychology and Psychiatry, 49(2), 201-210. https://doi.org/10.1111/j.1469-7610.
2007.01835.x PMID: 18093113

Wade A. M., Lawrence K., Mandy W., & Skuse D. (2006). Charting the development of emotion recogni-
tion from 6 years of age. Journal of Applied Statistics, 33(3), 297-315. https://doi.org/10.1080/
02664760500445756

Wolfer R., & Scheithauer H. (2013). Ostracism in childhood and adolescence: Emotional, cognitive, and
behavioral effects of social exclusion. Social Influence, 8(4), 217-236. https://doi.org/10.1080/
15534510.2012.706233

Buckley K. E., Winkel R. E., & Leary M. R. (2004). Reactions to acceptance and rejection: Effects of
level and sequence of relational evaluation. Journal of Experimental Social Psychology, 40(1), 14-28.
https://doi.org/10.1016/S0022-1031(03)00064-7

Leary M. R., Twenge J. M., & Quinlivan E. (2006). Interpersonal Rejection as a Determinant of Anger
and Aggression. Personality and Social Psychology Review, 10(2), 111-132. https://doi.org/10.1207/
$15327957pspr1002_2 PMID: 16768650

Gao X., & Maurer D. (2009). Influence of intensity on children’s sensitivity to happy, sad, and fearful
facial expressions. Journal of Experimental Child Psychology, 102(4), 503-521. https://doi.org/10.
1016/j.jecp.2008.11.002 PMID: 19124135

Hunnius S., de Wit T. C. J., Vrins S., & von Hofsten C. (2011). Facing threat: Infants’ and adults’ visual
scanning of faces with neutral, happy, sad, angry, and fearful emotional expressions. Cognition & Emo-
tion, 25(2), 193-205. https://doi.org/10.1080/15298861003771189 PMID: 21432667

Leppénen J. M., Moulson M. C., Vogel-Farley V. K., & Nelson C. A. (2007). An ERP Study of Emotional
Face Processing in the Adult and Infant Brain. Child Development, 78(1), 232—-245. https://doi.org/10.
1111/j.1467-8624.2007.00994.x PMID: 17328702

Italian Statistics Bureau (ISTAT) (2022). National Demographic Report 2022, https://www.comune.
milano.it/documents/20126/340509589/02082202%2B 13+allegato+Dati+Istat+2022.pdf/ca753f31-
ec00-e7a4-45d7-07486f7154d07t=1662371195493. Last accessed: January 16, 2022.

PLOS ONE | https://doi.org/10.1371/journal.pone.0287106  June 15, 2023 16/17


https://doi.org/10.1371/journal.pone.0193868
https://doi.org/10.1371/journal.pone.0193868
http://www.ncbi.nlm.nih.gov/pubmed/29543841
https://doi.org/10.1080/17405620601046832
https://doi.org/10.1080/17405620601046832
http://www.ncbi.nlm.nih.gov/pubmed/20228970
https://doi.org/10.1093/scan/nsn046
http://www.ncbi.nlm.nih.gov/pubmed/19174536
https://doi.org/10.1002/dev.21860
https://doi.org/10.1002/dev.21860
http://www.ncbi.nlm.nih.gov/pubmed/31032893
https://doi.org/10.1016/j.biopsycho.2022.108292
https://doi.org/10.1016/j.biopsycho.2022.108292
http://www.ncbi.nlm.nih.gov/pubmed/35217132
https://doi.org/10.1007/BF00987140
https://doi.org/10.1016/j.jecp.2006.12.001
http://www.ncbi.nlm.nih.gov/pubmed/17291524
https://doi.org/10.1111/j.1651-2227.2000.tb00392.x
http://www.ncbi.nlm.nih.gov/pubmed/10943968
https://doi.org/10.1076/jcen.24.2.200.989
http://www.ncbi.nlm.nih.gov/pubmed/11992203
https://doi.org/10.1016/j.jecp.2010.05.003
https://doi.org/10.1016/j.jecp.2010.05.003
http://www.ncbi.nlm.nih.gov/pubmed/20542282
https://doi.org/10.1111/j.1469-7610.2007.01835.x
https://doi.org/10.1111/j.1469-7610.2007.01835.x
http://www.ncbi.nlm.nih.gov/pubmed/18093113
https://doi.org/10.1080/02664760500445756
https://doi.org/10.1080/02664760500445756
https://doi.org/10.1080/15534510.2012.706233
https://doi.org/10.1080/15534510.2012.706233
https://doi.org/10.1016/S0022-1031%2803%2900064-7
https://doi.org/10.1207/s15327957pspr1002%5F2
https://doi.org/10.1207/s15327957pspr1002%5F2
http://www.ncbi.nlm.nih.gov/pubmed/16768650
https://doi.org/10.1016/j.jecp.2008.11.002
https://doi.org/10.1016/j.jecp.2008.11.002
http://www.ncbi.nlm.nih.gov/pubmed/19124135
https://doi.org/10.1080/15298861003771189
http://www.ncbi.nlm.nih.gov/pubmed/21432667
https://doi.org/10.1111/j.1467-8624.2007.00994.x
https://doi.org/10.1111/j.1467-8624.2007.00994.x
http://www.ncbi.nlm.nih.gov/pubmed/17328702
https://www.comune.milano.it/documents/20126/340509589/02082202%2B13+allegato+Dati+Istat+2022.pdf/ca753f31-ec00-e7a4-45d7-07486f7154d0?t=1662371195493
https://www.comune.milano.it/documents/20126/340509589/02082202%2B13+allegato+Dati+Istat+2022.pdf/ca753f31-ec00-e7a4-45d7-07486f7154d0?t=1662371195493
https://www.comune.milano.it/documents/20126/340509589/02082202%2B13+allegato+Dati+Istat+2022.pdf/ca753f31-ec00-e7a4-45d7-07486f7154d0?t=1662371195493
https://doi.org/10.1371/journal.pone.0287106

PLOS ONE

Ostracism modulates children’s recognition of emotional facial expressions

54.

55.
56.

57.

58.

59.

60.

61.
62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Faul F., Erdfelder E., Lang A.-G., & Buchner A. (2007). G¥*Power 3: A flexible statistical power analysis
program for the social, behavioral, and biomedical sciences. Behavior Research Methods, 39(2), 175—
191. https://doi.org/10.3758/bf03193146 PMID: 17695343

Cohen, J. (1977). Statistical power analyses for the behavioral sciences (rev. ed.) New York.

Williams K. D., & Jarvis B. (2006). Cyberball: A program for use in research on interpersonal ostracism
and acceptance. Behavior research methods, 38(1), 174-180. https://doi.org/10.3758/bf03192765
PMID: 16817529

Tottenham N., Tanaka J. W., Leon A. C., McCarry T., Nurse M., Hare T. A,, et al. (2009). The NimStim
set of facial expressions: Judgments from untrained research participants. Psychiatry Research, 168
(3), 242—249. https://doi.org/10.1016/j.psychres.2008.05.006 PMID: 19564050

Palermo R., O’Connor K. B., Davis J. M., Irons J., & McKone E. (2013). New Tests to Measure Individ-
ual Differences in Matching and Labelling Facial Expressions of Emotion, and Their Association with
Ability to Recognise Vocal Emotions and Facial Identity. PLoS ONE, 8(6), €68126. https://doi.org/10.
1371/journal.pone.0068126 PMID: 23840821

Bayet L., Behrendt H. F., Cataldo J. K., Westerlund A., & Nelson C. A. (2018). Recognition of facial
emotions of varying intensities by three-year-olds. Developmental psychology, 54(12), 2240. https://
doi.org/10.1037/dev0000588 PMID: 30335429

Ambadar Z., Schooler J. W., & Cohn J. F. (2005). Deciphering the Enigmatic Face: The Importance of
Facial Dynamics in Interpreting Subtle Facial Expressions. Psychological Science, 16(5), 403—410.
https://doi.org/10.1111/j.0956-7976.2005.01548.x PMID: 15869701

Howell, D. C. (2012). Statistical methods for psychology (8th ed.). Wadsworth Cengage Learning.
Abdi H. (2010). Holm’s sequential Bonferroni procedure. Encyclopedia of Research Design, 1(8), 1-8.

Nakagawa S., & Schielzeth H. (2013). A general and simple method for obtaining R2 from generalized
linear mixed-effects models. Methods in ecology and evolution, 4(2), 133—142.

Choudhury S., Blakemore S.-J., & Charman T. (2006). Social cognitive development during adoles-
cence. Social Cognitive and Affective Neuroscience, 1(3), 165—174. https://doi.org/10.1093/scan/
nsl024 PMID: 18985103

Rosenqvist J., Lahti-Nuuttila P., Laasonen M., & Korkman M. (2014). Preschoolers’ recognition of emo-
tional expressions: Relationships with other neurocognitive capacities. Child Neuropsychology, 20(3),
281-302. https://doi.org/10.1080/09297049.2013.778235 PMID: 23550561

Dvir M., Kelly J. R., & Williams K. D. (2019). Is inclusion a valid control for ostracism?. The Journal of
social psychology, 159(1), 106—111. https://doi.org/10.1080/00224545.2018.1460301 PMID:
29621427

Reips U. D. (2000). The Web experiment method: Advantages, disadvantages, and solutions. In Birn-
baum M.H. (Ed.), Psychological experiments on the Internet (pp. 89-117). San Diego, CA: Academic
Press.

Zaadnoordijk, L. & Cusack, R. (2022). Online Testing in Developmental Science: A Guide to Design
and Implementation. In R. O. Gilmore & J. J. Lockman (Eds.), Advances in Child Development and
Behavior (Vol. 62): New Methods and Approaches for Studying Child Development (pp. 93—125). Aca-
demic Press.

Sheskin M., Scott K., Mills C. M., Bergelson E., Bonawitz E., Spelke E. S.,.et al. (2020). Online develop-
mental science to foster innovation, access, and impact. Trends in Cognitive Sciences, 24(9), 675—
678. https://doi.org/10.1016/j.tics.2020.06.004 PMID: 32624386

Wolf W., Thielhelm J., Tomasello M. (2023). Five-year-old children show cooperative preferences for
faces with white sclera. Journal of Experimental Child Psychology 225, 105532. https://doi.org/10.
1016/j.jecp.2022.105532 PMID: 35988359

Zadro L., Hawes D. J., lannuzzelli R. E., Godwin A., MacNevin G., Griffiths B., et al. (2013). Ostracism
and children: A guide to effectively using the cyberball paradigm with a child sample. International Jour-
nal of Developmental Science, 7(1), 7-11.

Stengelin R., Golubovic A., Toppe T., Over H., & Haun D. B. (2021). Priming third-party ostracism does
not lead to increased affiliation in three Serbian communities. Journal of Experimental Child Psychol-
ogy, 203, 105019. https://doi.org/10.1016/j.jecp.2020.105019 PMID: 33181337

PLOS ONE | https://doi.org/10.1371/journal.pone.0287106  June 15, 2023 17/17


https://doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.3758/bf03192765
http://www.ncbi.nlm.nih.gov/pubmed/16817529
https://doi.org/10.1016/j.psychres.2008.05.006
http://www.ncbi.nlm.nih.gov/pubmed/19564050
https://doi.org/10.1371/journal.pone.0068126
https://doi.org/10.1371/journal.pone.0068126
http://www.ncbi.nlm.nih.gov/pubmed/23840821
https://doi.org/10.1037/dev0000588
https://doi.org/10.1037/dev0000588
http://www.ncbi.nlm.nih.gov/pubmed/30335429
https://doi.org/10.1111/j.0956-7976.2005.01548.x
http://www.ncbi.nlm.nih.gov/pubmed/15869701
https://doi.org/10.1093/scan/nsl024
https://doi.org/10.1093/scan/nsl024
http://www.ncbi.nlm.nih.gov/pubmed/18985103
https://doi.org/10.1080/09297049.2013.778235
http://www.ncbi.nlm.nih.gov/pubmed/23550561
https://doi.org/10.1080/00224545.2018.1460301
http://www.ncbi.nlm.nih.gov/pubmed/29621427
https://doi.org/10.1016/j.tics.2020.06.004
http://www.ncbi.nlm.nih.gov/pubmed/32624386
https://doi.org/10.1016/j.jecp.2022.105532
https://doi.org/10.1016/j.jecp.2022.105532
http://www.ncbi.nlm.nih.gov/pubmed/35988359
https://doi.org/10.1016/j.jecp.2020.105019
http://www.ncbi.nlm.nih.gov/pubmed/33181337
https://doi.org/10.1371/journal.pone.0287106

