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Abstract 

Background Social exclusion is often measured with the Cyberball paradigm, a computerized ball‑tossing game. 
Most Cyberball studies, however, used self‑report questionnaires, leaving the data vulnerable to reporter bias, and 
associations with individual characteristics have been inconsistent.

Methods In this large‑scale observational study, we video‑recorded 4,813 10‑year‑old children during Cyberball and 
developed a real‑time micro‑coding method measuring facial expressions of anger, sadness and contempt, in a multi‑
ethnic population‑based sample. We estimated associations between facial expressions and self‑reported negative 
feelings, explored associations of child characteristics such as sex and parental national origin with observed and self‑
reported feelings during social exclusion, and tested associations of observed and self‑reported feelings during social 
exclusion with behavior problems at age 14.

Results Facial expressions of sadness and anger were associated with self‑reported negative feelings during the 
game, but not with such feelings after the game. Further, girls reported to have had less negative feelings during the 
game than boys, but no such sex‑differences were found in total observed emotions. Likewise, children with parents 
of Moroccan origin reported less negative feelings during the game than Dutch children, but their facial expressions 
did not indicate that they were differently affected. Last, observed emotions related negatively to later internalizing 
problems, whereas self‑report on negative feelings during the game related positively to later internalizing and exter‑
nalizing problems.

Conclusions We show that facial expressions are associated with self‑reported negative feelings during social 
exclusion, discuss that reporter‑bias might be minimized using facial expressions, and find divergent associations of 
observed facial expressions and self‑reported negative feelings with later internalizing problems.
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Background
Humans are a highly social species. As cooperation has 
been a necessary tool for survival throughout evolu-
tion [1, 2], social interaction is an integral part of human 
behavior. Not surprisingly, humans are remarkably reac-
tive to exclusion from such interaction [3]. Measuring 
reactions to social exclusion can help to gain insight in 
the workings of this basic human system for social exclu-
sion reactivity, as well as gain insight into how inter-indi-
vidual variation in reactions to social exclusion relate to 
socio-emotional functioning.

Reactions to ostracism, i.e. social exclusion or being 
ignored, [4] are often studied in the lab with the Cyber-
ball game. In this computerized ball-tossing game, the 
participant is excluded from the game by two or more 
avatars [5, 6]. The paradigm has been shown to consist-
ently induce an experience of social exclusion, even 
when participants are explicitly told that the avatars are 
not real, that the course of the game is preconceived [7], 
when receiving the ball is tied to a monetary penalty [8], 
or when participants are led to believe they are excluded 
by members of a detested organization such as the Ku 
Klux Klan [9]. Across the board, Cyberball induces nega-
tive emotions and threatens fundamental needs of self-
esteem, control, belonging, and meaningful existence [5, 
6]. Due to its simplicity and effectiveness, Cyberball has 
proven to be a valuable tool in understanding behavioral 
and affective responses to social exclusion in humans.

Individual differences in responses to social exclusion
Individual differences in the reactions to Cyberball have 
been associated with differences in personal charac-
teristics. For example, self-esteem was lower [10] and 
basic needs were more threatened after social exclusion 
for younger than for older children [11]. Also, females 
had lower self-esteem [12] and felt more ignored and 
excluded in reaction to social exclusion [13]. Associa-
tions between reactions to Cyberball and individual char-
acteristics, however, are not consistently detected. For 
example, other studies did not find age [14, 15] or gen-
der differences [10]. In his review on ostracism, Williams 
mentions that the effects of ostracism seem very resilient 
to moderation by individual factors such as age, sex, and 
country of origin [4]. In a meta-analysis of 120 Cyberball 
studies, a medium-sized moderation effect of personal or 
situational variables was found for the impact of social 
exclusion in Cyberball, but a considerable funnel-plot 
asymmetry suggested substantial publication bias [5].

Several possible reasons for the inconsistent results of 
Cyberball studies with regards to their associations with 
individual characteristics have been identified. First of 
all, it might simply be that the Cyberball paradigm is 
a victim to its own potency, that is, its strong aversive 

effect may drown out any associations between indi-
vidual differences and the reaction to social exclusion. 
For example, in the study where participants were led 
to believe that they were excluded by the KKK, those 
excluded by this despised outgroup reported aversive 
effect sizes as large as those excluded by a rival out-
group, and as those excluded by in-group members 
[9]. Hence, these strong overall effects may result in a 
ceiling effect and/or leave a narrow range of inter-indi-
vidual variability to associate with individual charac-
teristics. Second, and related to this issue, the research 
field of Cyberball and individual differences has been 
plagued by small sample sizes [16, 17], which implies 
that many studies may not have had the statistical power 
to detect associations between reactions to social exclu-
sion and differences in personality or psychopathology. 
Third, many studies [18–20] used self-report question-
naires to measure the reaction to Cyberball as well as 
to assess individual characteristics. On the one hand, 
some individuals may not be able to recognize or ver-
bally express their emotions, which could lead to atten-
uated associations between reactions to Cyberball and 
individual characteristics. For example, men tend to be 
less accurate than women to identify and express their 
own emotions [21]. On the other hand, spurious associ-
ations might occur reflecting response biases congruent 
between self-reported predictor and outcome; individu-
als with extreme responses on one questionnaire might 
also be extreme on another, whereas others may have 
a social desirability bias that masks negative emotions 
or questionnaire responses, thereby inducing shared 
method variance bias. A last reason for non-robust 
results regarding inter-individual differences in reac-
tion to Cyberball might be that the moment of assess-
ment varies between studies [5]. It has been posited that 
there are two stages relevant to the Cyberball paradigm; 
1) the reflexive stage, during which the immediate emo-
tional reaction occurs as a reflex-like response, and 2) 
the reflective stage, which is thought to be subject to 
coping mechanisms [5, 22]. For example, it was shown 
that social anxiety was not related to self-reported nega-
tive feelings immediately after the Cyberball, but that 
socially anxious participants did report more negative 
feelings 45 min after the game [23]. Yet, recovery from 
Cyberball may typically set in much faster than that. In 
a study where participants continuously reported their 
affect, recovery appeared already during social exclu-
sion and seemed to return to baseline within minutes 
[24]. Hence different emotion regulation and cognitive 
coping processes might set in at different stages and 
relate differently to individual characteristics.

Together, this implies that when measuring associa-
tions between personal characteristics and reactions to 
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Cyberball, one would preferentially use not only self-
report data after social exclusion, but also observational 
data during the task to assess the response to the Cyber-
ball paradigm.

Observation of facial expressions
Observed facial expressions are a prime candidate to 
gauge immediate emotional reactions. The facial expres-
sion system is automatic and involuntary, as well as 
universal as per its evolutionary basis reflected in the 
expressions of our primate relatives [25, 26], and is active 
without the presence of onlookers [27]. Together, this 
implies that facial emotional expressions may be more 
resilient to social desirability bias than self-report.

To measure emotional facial expressions, several 
methodologies exist. Facial electromyography (EMG) 
allows for the measurement of facial muscles such as the 
corrugator supercilii (involved in frowning), the zygo-
maticus mayor (involved in smiling), and the orbicu-
laris oculi (involved in Duchenne smiling) [28]. Using 
EMG in Cyberball, it has been found that participants 
showed more orbicularis oculi activation during inclu-
sion than exclusion, presumably utilizing smiling as an 
affiliative function [29]. In another study using EMG, 
corrugator supercilii activity increased over time during 
exclusion versus inclusion, which was taken as indica-
tion that social exclusion increased negative affect [30]. 
As such, EMG is a valuable tool to measure changes in 
positive and negative emotionality, yet does not optimally 
allow for distinction between different emotions, as for 
example activity of the corrugator supercilii is expected 
in both facial expressions of anger and of sadness [31]. 
And importantly, the intrusive nature of the method 
may increase arousal and might reduce possibilities for a 
naturalistic set-up [32]. Second, a more recent develop-
ment is that of automated facial expression coding from 
video material [33]. However, similar to EMG measure-
ment, thus far these techniques cannot be applied to a 
more naturalistic setting where participants move their 
upper bodies and head freely, and the field is still work-
ing on techniques to mitigate bias in multi-ethnic sam-
ples [34]. More traditional human-coded methods, such 
as the EMFACS (Friesen & Ekman: EMFACS-7: emo-
tional facial action coding system, unpublished), which 
is based on the coding of discrete action units represent-
ing different muscle groups [31], have the drawback that 
they treat emotions as entirely separate entities, whereas 
blends both in the facial expression as well in the experi-
ence of emotion occur often [35]. Second, these methods 
are time consuming, with coding time for half an hour 
for a minute long video [36, 37]. Given that one needs a 
large sample size to be able to detect small effects, this 
presents a practical obstacle. A coding methodology that 

allows for the fast coding of pure and blended emotions 
is therefore needed.

Reaction to social exclusion as a time‑varying process
When measuring reactions during social exclusion, one 
may tap into different processes than when measuring 
them shortly after. Emotion suppression, concealing 
outward displays of emotions as they occur (or keeping 
a ‘poker-face’) [38, 39], is a regulatory mechanism that 
has been found to be positively associated to depres-
sion and internalizing behavior problems [40, 41], while 
not associated [42] or negatively associated [41, 43] to 
aggression and externalizing behavior problems. This 
may mean that facial expressions during social exclu-
sion would be negatively associated with internalizing 
problems, but positively with externalizing problems. 
In contrast to facial expressions, as children reporting 
more threatened needs have been found to have more 
internalizing problems [18], self-reported negative feel-
ings may be positively associated with internalizing 
problems. No research has been reported on external-
izing problems and self-report in Cyberball, but we 
carefully speculate that as for internalizing problems, 
these are positively associated.

The current study
In this large-scale observational study, we video-
recorded the faces of nearly 5,000 10-year old children 
while they played the Cyberball game and developed a 
new real-time micro-coding method to measure expres-
sions of anger, sadness and contempt during social 
exclusion. We investigate the utility of these measures by 
studying associations between observed emotions and 
conventional self-reported feelings in relation to social 
exclusion. Further, we explore associations of child char-
acteristics such as sex, age, and parental national ori-
gin with observed emotions and self-reported feelings. 
Lastly, we test associations of observed emotions and 
self-reported feelings in reactions to social exclusion and 
parent-reported internalizing and externalizing behav-
ior problems at 14. We hypothesize that the observed 
facial expressions and self-reported responses to social 
exclusion have shared variance, yet distinct associa-
tions with child characteristics – since earlier research 
found inconsistent associations of individual differences 
and response to social exclusion, we have no hypothesis 
regarding the direction of these associations. Finally, we 
hypothesize that whereas self-reported negative feelings 
relates positively to both internalizing and externalizing 
behavior problems at a later age, observed facial expres-
sions relate negatively to internalizing, and positively to 
externalizing problems.
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Methods
Study design
The study took place in the population-based cohort 
of the Generation R Study [44]. Children came to the 
research center with their primary caretaker at the 
age of 10 and played the Cyberball social exclusion 
paradigm as part of a larger testing procedure, includ-
ing interviews and physiological measurements. Facial 
expressions of sadness, anger, and contempt during the 
game were recorded and micro-coded. Children filled 
out a post-Cyberball questionnaire regarding their feel-
ings during and after the game. In a series of analyses, 
i) the observed facial expressions were associated with 
self-reported feelings, ii) both facial expressions and 
self-report on feelings during the game were associ-
ated with child sex, age, non-verbal IQ, ethnicity, and 
maternal education, and iii) facial expressions and self-
report on feelings during the game were associated 
with parent-reported child internalizing and external-
izing behavior problems at age 14.

Setting
This study is part of the Generation R Study, a prospec-
tive population-based birth cohort that follows children 
and their parents from pregnancy onwards. Pregnant 
women residing in the municipality of Rotterdam, the 
Netherlands, with an expected delivery date between 
April 2002 and January 2006 were invited to participate 
in the study. An extensive report on the design of the 
study can be found elsewhere [44]. Here, we report all 
measures, manipulations and exclusions relevant to the 
current analyses. The Generation R Study is conducted in 
accordance with the World Medical Association Declara-
tion of Helsinki and has been approved by the Medical 
Ethics Committee of the Erasmus Medical Center, Rot-
terdam. Written informed consent was obtained from all 
parents and children over 12 years old, informed assent 
was obtained from all children younger than 12.

Study population
In the Generation R Study, 9,778 pregnant mothers had 
9,749 live-born children. At the age of 10 years, 5,862 of 
these children visited the research center and 5,708 chil-
dren performed the Cyberball task. The data of 5,214 
children was usable; 586 had procedural issues (n = 22, 
e.g. the child did not understand the game, or was eating 
while playing the game), technical issues (n = 202, e.g. the 
game was not working, or the video recording was not 
working), or were excluded because the child was not vis-
ible for more than 30 s (n = 362). Of these children, 4,813 
filled out the final version of the questionnaire as well 
(Supplementary Fig. 1). The data of these 4,813 children 

were used for the main analyses. For the secondary analy-
ses, the data of children were used that had complete 
data on parent-reported behavior problems at the age of 
14 years, resulting in a sample of 3,546 children.

Attrition analyses (Supplementary Table  1) indicated 
that children in the initial sample (n = 9,749) on aver-
age had more older siblings (SMD = 0.09, p < 0.05), their 
mothers less often had completed university (SMD = 0.05, 
p < 0.05), and less often had parents that were both born 
in the Netherlands (SMD = 0.14, p < 0.05) than the chil-
dren in the final sample (n = 4,813). The selection effects 
are in line with earlier reports of lower follow-up rates 
among children with lower socio-economic status [44]. 
Further, children who visited the research center at 
10  years (n = 5,862) did not differ from the final sample 
for the current paper (n = 4,813) on these characteris-
tics, but were on average somewhat older than the chil-
dren in the final sample (SMD = 0.05, p < 0.05). Lastly, 
analyses indicated that children with data on parent-
reported behavior problems at age 14 (n = 3,546), were 
on average slightly younger when visiting the center at 
age 10 (SMD = 0.11, p < 0.05), their mothers more often 
had completed university (SMD = 0.08, p < 0.05), and 
their parents were more often born in the Netherlands 
(SMD = 0.14, p < 0.05).

Procedure
Cyberball was administered during the lab visit at the age 
of 9.8 (SD = 0.3) years. The child sat behind a computer 
and was told that they would play a ball-tossing game 
with two other children and asked to imagine the game 
was happening in real life [45]. The Cyberball program 
started with a screen that gave the impression that the 
Cyberball game was played online with two other play-
ers. Once the game started, the child saw two pictures of 
the two putative fellow players, which were children of 
the same sex as the participating child. The participat-
ing child was represented with a baseball glove and when 
they received the ball they could chose to which picture 
they tossed the ball by pressing one of two arrow keys. 
The game consisted of 42 continuous ball tosses. The 
Inclusion Period consisted of the first six tosses, during 
which the child received the ball twice (toss 3 and toss 
6) and lasted on average 11.6 s (SD = 6.0). The Exclusion 
Period seamlessly followed upon the Inclusion Period 
and consisted of 36 tosses which lasted on average 52.4 
(SD = 2.8) seconds. During the Exclusion Period, the child 
received the ball only twice (toss 15 and toss 25), which 
was done to retain the child’s attention. Unbeknownst to 
the child, the webcam was turned on to allow recording 
of the facial expressions. After another, unrelated, dexter-
ity task lasting two minutes, the child was asked to fill out 
the post-social exclusion questionnaire on their emotions 
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on the computer. During both the Cyberball game and 
the questionnaire, the experimenter was absent. After 
completion of the questionnaire, the child was debriefed.

Facial expressions
From the webcam videos, the three most often facially 
expressed emotions; sadness, anger, and contempt, 
were micro-coded by four coders. We developed a 
method to micro-code the facial expressions in real-
time. To this end, a Java program was developed [46] 
that picked up the motions of a joystick and throttle 
(Thrustmaster Inc) and represented them in two graphs 
alongside each video, which allowed the scoring of 
three emotions at the same time: sadness, anger, and 
contempt (code freely available at https:// github. com/ 
AVeen stra/ JavaJ oyMon). Similar methods have suc-
cessfully been applied to other observational settings, 
in which dyadic interpersonal behaviors were coded 
[47]. With the joystick, a dot could be moved along an 
x- and y-axis in one graph, with the axes representing 
sadness and anger, respectively. Movement of the throt-
tle affected the movement of a dot along a single y-axis 
in a second graph, representing contempt. This system 
allowed for the micro-coding of multiple emotions at 
the same time (Fig. 1).

The micro-coding method for the emotions was 
adapted from Ekman’s coding of discrete muscle move-
ments [48]. Sadness was coded if the corners of the 
mouth were dragged downwards and/or the inner cor-
ners of the eyebrows upwards and inwards. Anger was 
coded if the eyebrows moved inwards and downwards 
and/or the lips were tightened. Contempt was coded if 
one of the corners of the mouth was pulled outwards. 
The intensity and combination of movements influ-
enced the height of the score (0–5), which was continu-
ally scored by the position of the joystick and throttle 

and allowed for the computation of an area under the 
curve (AUC), representing both the time and intensity 
of the emotion.

To determine inter-rater reliability, a subset of 129 
videos was  scored by all four coders. Intercoder reli-
ability (ICC, single measure, absolute agreement) 
was fair for sadness (ICC = 0.44), and good for anger 
(ICC = 0.62), contempt (ICC = 0.70) and total negative 
emotion (ICC = 0.68) [49].

For the current study, area under the curve (AUC) 
was computed for the Inclusion and Exclusion Period 
for each emotion (r = 0.15–0.22 Inclusion and Exclu-
sion Period). Data of children were only included if 
the child’s face was visible for at least 8  s during the 
Inclusion Period and at least 30 s during the Exclusion 
Period. Each AUC was corrected for the total amount 
of time the child was visible and represents the aver-
age AUC per 10  s. The Exclusion Period score was 
adjusted for baseline facial expressions in the shorter 
Inclusion Period by residualizing the Exclusion Period 
score on the Inclusion Period score. The facial expres-
sion scores thus reflect both the total time and inten-
sity of emotion during the Exclusion Period, adjusted 
for emotional expressions during the Inclusion Period. 
A total negative emotion AUC was computed by sum-
ming the AUCs of sadness, anger, and contempt. In 
case of uncertainty in the coding, a second opinion was 
asked from another coder (2% of videos). Since resid-
ualized AUC data for the individual emotions had a 
positive skew, the residualized AUCs for sadness, anger 
and total negative emotion were logarithmically scaled 
(Supplementary Fig. 2). Since the contempt AUCs had 
a clear bimodal distribution, with the largest peak with 
the lower scores of children who did not show any con-
tempt, the score for contempt was dichotomized.

Fig. 1 Visual representation of scoring system and resulting data. Image of child obtained from generated.photos

https://github.com/AVeenstra/JavaJoyMon
https://github.com/AVeenstra/JavaJoyMon
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Post‑social exclusion questionnaire
The post-social exclusion questionnaire included 15 
questions and was adapted from questionnaires used in 
previous Cyberball studies [6, 7, 50]. The questions were 
presented as written statements and through audio via 
headphones. The first nine questions concerned the 
feelings of the child at the moment of reporting, i.e. 
after the game; the six subsequent questions concerned 
the emotions of the child during the game. Questions 
concerned mood (e.g. ‘I feel happy’; ‘I was happy dur-
ing the ball game on the computer’) and self-esteem 
(e.g. ‘My self-esteem is high’; ‘My self-esteem was high 
during the ball game on the computer’). The questions 
regarding the feelings of the child during the game also 
included items on feelings of control (e.g. ‘The others 
decided everything during the ball game on the com-
puter’) and belonging (‘I felt like I belonged to the 
group during the ball game on the computer’), and the 
questions regarding the feelings of the child after the 
game also covered meaningful existence (e.g. ‘I feel 
invisible’). Each item was scored on a Likert-scale from 
1 (‘Not at all’) to 5 (‘Very much’).

To examine the dimensional structure of the post-
social exclusion questionnaire an exploratory factor 
analysis was performed, which groups the individual 
items by their covariance structure (Supplementary 
Table  2). Exploratory factor analysis was performed 
with the nFactor R package [51] in R version 3.6.1 [52]. 
Two items; ‘I feel important’ and ‘I feel invisible’ were 
excluded from the analyses due to low factor loadings 
(< 0.40) in the various factor solutions and because 
we suspected that these figurative forms of statement 
were not suitably translated for this Dutch 9-year-old 
population. A scree plot of the post-social exclusion 
questionnaire items showed that a three-factor solution 
was the most optimal, and an exploratory factor anal-
ysis with orthogonal rotations (‘varimax’) led to three 
factors. However, since the second and the third fac-
tor tapped into similar constructs and the third factor 
included only three items, we decided for a two-factor 
solution, which also showed a good fit (RMSEA = 0.086 
and TLI = 0.82). The first factor included six items 
regarding the child’s feelings during the game (Eigen-
value = 3.6, 19% explained variance), the second factor 
included seven items regarding the child’s feelings after 
the game (Eigenvalue = 2.2, 16% explained variance). 
Positively phrased items were reversed, and the sub-
scales were labelled ‘Negative feelings during the game’ 
and ‘Negative feelings after the game’, respectively 
(Supplementary Fig. 3). Reliability of ‘Negative feelings 
during the game’ was good with a Cronbach’s alpha of 
0.81, and that of ‘Negative feelings after the game’ was 
acceptable with a Cronbach’s alpha of 0.72.

Child characteristics
Child sex and date of birth were obtained from mid-
wife- and hospital registries. Information on maternal 
education and parental national origin was obtained 
via a questionnaire at enrollment. Maternal education 
was used as a proxy of socio-economic status (SES) and 
dichotomized into children whose mothers had com-
pleted a university study (scored as 1) and those who had 
not (scored as 0). Parental national origin was based on 
the parent’s country of birth [53]. The mother’s country 
of birth was used in cases where both parents were born 
abroad. Non-verbal intelligence (IQ) of the child was 
measured with the Snijders-Oomen Non-verbal intel-
ligence test – Revised (SON-R 2.5–7) [54] at the mean 
(SD) age of 6.1 (0.4) years. The IQ-score was based on 
the scores from two subsets with each 15 items; ‘Mosa-
ics’ for visuospatial abilities, and ‘Categories’ for abstract 
reasoning.

Behavior problems
Child behavior problems were measured via the Child 
Behavior Checklist/6–18 (CBCL) [55], as reported by 
the primary caretaker (mother in 95% of cases) at the 
mean (SD) age of 13.5 (0.4) years. Items were rated on a 
3-point scale (0 = ‘not true’;1 = ’somewhat or sometimes 
true’; 2 = ’very true or often true’), regarding problem 
behavior in the past 6  months. We used the broadband 
scales Internalizing Problems (covering syndrome scales 
Anxious/Depressed, Withdrawn/Depressed, and Somatic 
Complaints with 32 items) and Externalizing Problems 
(covering Rule-breaking Behavior and Aggressive Behav-
ior with 35 items). For each of the CBCL total scores, 25% 
missingness on the items was allowed, sum scores were 
weighted accordingly. The CBCL has been shown to have 
good validity and reliability [55] and to be generalizable 
across 23 societies, including the Dutch [56, 57]. In the 
current sample, the internal consistency was α = 0.87 for 
Internalizing Problems and α = 0.88 for Externalizing 
Problems.

Statistical analyses
All analyses were performed in R version 3.6.1 [52]. Miss-
ing data on child characteristics and predictors of interest 
(n = 397 for education of the mother, n = 712 for non-ver-
bal IQ, n = 114 for parental national origin) were imputed 
using the mice R package [58] using a maximum of 100 
iterations creating 30 datasets. All results are based on 
pooled estimates of the multiply imputed sets.

Basic characteristics of the facial expressions were stud-
ied on the group level in three ways: (1) by examining the 
time-course of the facial expressions by computing a 3-s 
moving average, (2) by comparing the AUC of the Inclu-
sion and Exclusion Period, averaged over the duration 
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of each respective period, for each child separately by 
computing the difference between the two AUCs and on 
a group level by paired t-tests of the two logarithmically 
scaled AUCs, and (3) by studying the maximum intensity 
of each micro-coded facial expression by computing the 
median highest peak for each child.

Associations between observed facial expressions 
(exposure: total negative emotion, sadness, anger, or con-
tempt) and self-reported feelings in the post-social exclu-
sion questionnaire (outcome: ‘Negative feelings during 
the game’ or ‘Negative feelings after the game’) were esti-
mated in linear regressions. Each combination of facial 
expressions and post-social exclusion questionnaire scale 
was adjusted for by child characteristics (child sex, age, 
maternal education, non-verbal IQ, and parental national 
origin). To explore influences of reporter bias, associa-
tions between both observed emotion (facial expressions 
of total negative emotion) and reported feelings (Nega-
tive feelings during the game) with child characteristics 
were estimated using linear regressions with the child 
characteristics as predictors and either observed emo-
tions or reported feelings as the outcome. To study asso-
ciations of reactions to Cyberball (facial expressions of 
total negative emotion and Negative feelings during the 
game) and later behavior problems, linear regressions 
were performed with observed emotions or reported 
feelings as predictor and parent-reported internalizing or 
externalizing problems at age 14 as the outcome, adjusted 
for child characteristics. Last, in a series of sensitiv-
ity analyses, analyses were repeated using robust linear 
regressions to test results for robustness against residual 
non-normality of our measures and linear regressions 
were repeated within the non-imputed dataset (n = 4,033 
or n = 3,093 for analyses of behavior problems).

Since novel measurements were tested in this study, 
we did not correct for multiple testing and set α at 
0.05. Together with the sample size of N = 4,813, this 
allowed us (two-tailed significance criterion, statistical 
power = 0.80, number of predictors = 6) to detect small 
effect sizes of  f2 = 0.002 and above. For N = 3,546 (behav-
ior problems), this value was similarly  f2 = 0.002.

Results
Sample characteristics are displayed in Table 1. The time-
course of the facial expressions was studied on a group 
level by computing a 3-s moving average. Figure 2 shows 
that the group average expression increased over the 
course of the Cyberball paradigm but that the expres-
sion was less intense each time the child received the 
ball. This pattern was present for each negative emotion 
coded. Most children had negative facial expressions dur-
ing the paradigm: 75.1% showed sadness, 70.1% showed 

anger, 27.1% showed contempt and 98.4% showed either 
of those three emotions. A comparison of the AUC score 
for the Inclusion Period and the Exclusion Period showed 
that most children had more negative facial expressions 
during the Exclusion Period than during the Inclusion 
Period. Out of the children that showed that respective 
emotion during the paradigm, 75.0% showed more sad-
ness, 70.8% showed more anger, 24.0% showed more 
contempt, and 87.9% showed more total negative emo-
tion during the Exclusion Period than during the Inclu-
sion Period. Paired t-tests indeed showed that Exclusion 
AUC was higher than Inclusion AUCs on a group-
level  for all emotions: sadness (t[4812] = 58.82, p < 2.2e-
16), anger, (t[4812] = 55.28, p < 2.2e-16), contempt 
(t[4812] = 21.20, p < 2.2e-16), and total negative emotion 
(t[4812] = 73.40, p < 2.2e-16).

The correlations between the AUCs for the differ-
ent facial expressions are depicted in Table  2. Sad-
ness and anger were positively associated (r = 0.13, 
p = 2.07 ×  10–19), as were anger and contempt (r = 0.03, 
p = 0.042). No association was found between sadness 
and contempt. The two scales of the post-social exclusion 
questionnaire, ‘Negative feelings during the game’ and 

Table 1 Sample characteristics

Sex, No. girls (%) 2445 (50.8)

Age at Cyberball in years, mean (SD) 9.80 (0.34)

Education of the mother, No. university (%) 1282 (26.6)

Non‑verbal IQ, mean (SD) 101.70 (14.97)

Parental national origin, No. (%)

 Dutch 2856 (59.3)

 non‑Dutch, Western 433 (9.0)

 non‑Dutch, non‑Western 1524 (31.7)

Facial expressions – Total negative emotion, mean 
AUC/10 s, mean (SD)

13.35 (17.29)

Facial expressions – Total negative emotion, log trans-
formed mean AUC/10 s, mean (SD)

1.46 (0.18)

Facial expressions – Sadness, mean AUC/10 s, mean (SD) 5.28 (8.88)

Facial expressions – Sadness, log transformed mean 
AUC/10 s, mean (SD)

1.56 (0.15)

Facial expressions – Anger, mean AUC/10 s, mean (SD) 6.32 (11.94)

Facial expressions – Anger, log transformed mean 
AUC/10 s, mean (SD)

1.24 (0.20)

Facial expressions – Contempt, mean AUC/10 s, mean 
(SD)

6.32 (11.94)

Facial expressions – Contempt, any contempt No. yes (%) 1228 (25.5)

Questionnaire – Negative feelings during the game, 
mean (SD)

2.85 (0.84)

Questionnaire – Negative feelings after the game, mean 
(SD)

1.57 (0.45)

Internalizing problem score, mean (SD) 5.5 (5.7)

Externalizing problem score, mean (SD) 4.1 (5.1)
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‘Negative feelings after the game’ correlated positively 
(r = 0.26, p < 2.40 ×  10–73).

Observed emotions and self‑reported feelings
Results of linear regressions between the AUCs of 
the facial expressions and self-reported feelings in 

the post-social exclusion questionnaire showed that 
observed total negative emotion, sadness, and anger 
associated positively with ‘Negative feelings during 
the game’ (β = 0.09, β = 0.09, and β = 0.06, respectively, 
p ≤ 1.06 ×  10–05) (Table  3). Contempt was not associated 
with ‘Negative feelings during the game’. There were no 
associations between the facial expressions and ‘Nega-
tive feelings after the game’. Since observed total negative 
emotion was associated with self-reported feelings dur-
ing the game, but not after the game, we contrasted only 
observed total negative emotion with self-reported feel-
ings during the game with respect to their associations 
with child characteristics.

Child characteristics in relation to observed emotions 
and reported feelings
Associations between child characteristics and the 
individual observed emotions with good inter-rater 

Fig. 2 Mean area under the curve (AUC) over each three seconds of the Cyberball time course

Table 2 Correlations between facial expressions during social 
exclusion

* p < 0.05
** p < 0.0001

Sadness Anger Contempt

Total negative emo‑
tion

0.63** 0.75** 0.21**

Sadness 0.13** ‑0.01

Anger 0.03*

Table 3 Associations between observed emotions during social exclusion and reported feelings in post‑social exclusion questionnaire

Analyses were adjusted for sex, age, maternal education, non-verbal IQ, and parental national origin

Self-report Negative feelings during the game Negative feelings after the game

β 95% CI p β 95% CI pObserved facial expression

Total negative emotion 0.09 0.06; 0.12 1.04 ×  10–10 0.00 ‑0.03; 0.02 0.77

Sadness 0.09 0.06; 0.12 4.94 ×  10–10 0.00 ‑0.03; 0.03 0.93

Anger 0.06 0.04; 0.09 1.06 ×  10–05 0.00 ‑0.03; 0.03 0.84

Contempt 0.01 ‑0.06; 0.07 0.81 ‑0.01 ‑0.07; 0.06 0.77
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reliability, i.e. anger and contempt, were estimated 
(Supplementary Table 3). Boys showed less anger than 
girls did, and less anger was observed in children with 
parents of Dutch national origin than in children with 
parents of non-Dutch Western or non-Dutch non-
Western national origin. No associations were found 
between anger and age of the child, maternal educa-
tion, or non-verbal IQ. Older children showed less 
contempt. No other associations with contempt were 
found.

Associations between child characteristics and 
observed negative emotion as well as reported nega-
tive feelings are presented in Table 4. Sex, age, maternal 
education, child IQ, and parental national origin were 
not associated with observed negative emotion. Several 
associations were found between child characteristics 
and self-reported negative feelings during the game. Girls 
reported less negative feelings during the game (β = -0.17, 
p = 3.40 ×  10–09) than boys did, as did children of moth-
ers who completed university versus those whose moth-
ers did not (β = 0.08, p = 0.026), and children with higher 
versus lower non-verbal IQ (β = 0.07, p = 7.48 ×  10–05). 
Children of parents with non-Western national origin 
reported less negative feelings during the game (β = -0.14, 
p = 2.76 ×  10–05).

Last, since non-Western children reported strikingly 
lower levels of negative feelings during the game, we per-
formed a follow-up analysis on the specific ethnic groups 

within our non-imputed sample (n = 4,033), for all reac-
tions to social exclusion (Supplementary Table 4). Results 
showed that children of Turkish or Moroccan parents 
reported fewer negative feelings during the game and 
following this up one step further, children of Moroc-
can parents in particular reported fewer negative feelings 
after the game (Supplementary Table  5), but these chil-
dren did not show less negative facial expressions during 
the game. 

Observed emotions and self‑reported feelings in relation 
to later behavior problems
No associations were found between observed anger or 
contempt and later internalizing or externalizing behav-
ior problems (Supplementary Table  6). The associations 
between observed total negative emotion as well as self-
reported negative feelings during the game with behav-
ior problems 4 years later are shown in Table 5. Children 
who displayed less total negative emotion during Cyber-
ball had more internalizing problems 4  years later, 
whereas no association with externalizing problems was 
found. On the other hand, children who reported more 
negative feelings during Cyberball had more internalizing 
as well as externalizing problems at age 14.

Sensitivity analyses
First, analyses were repeated using robust linear 
regressions. Results for associations between facial 

Table 4 Associations between child characteristics and observed emotions and reported feelings during social exclusion

Analyses for each predictor were mutually adjusted the other predictors
a Reference group: Dutch

Observed total negative emotion Self‑reported negative feelings during the 
game

β 95% CI p β 95% CI p

Sex (girl) 0.03 ‑0.03; 0.08 0.34 ‑0.17 ‑0.23; ‑0.12 3.40 ×  10–09

Age 0.01 ‑0.02; 0.04 0.44 0.00 ‑0.03; 0.03 0.84

Maternal education (high) ‑0.01 ‑0.08; 0.06 0.75 0.08 0.01; 0.15 0.03

Non‑verbal IQ 0.02 ‑0.01; 0.06 0.19 0.07 0.04; 0.11 7.48 ×  10–05

Ethnicity – non‑Dutch  Westerna 0.09 ‑0.02; 0.19 0.10 0.02 ‑0.08; 0.12 0.74

Ethnicity – non‑Westerna 0.06 ‑0.01; 0.13 0.07 ‑0.14 ‑0.21; ‑0.08 2.76 ×  10–05

Table 5 Reaction to social exclusion at 10 years and parent‑reported behavior problems at 14

Analyses were adjusted for sex, age, maternal education, non-verbal IQ, and parental national origin

Internalizing problems Externalizing problems

β 95% CI p β 95% CI p

Observed total negative emotion ‑0.04 ‑0.07; ‑0.00 0.03 ‑0.02 ‑0.05; 0.02 0.36

Self‑reported negative feelings during 
the game

0.07 0.04; 0.11 9.18 ×  10–06 0.06 0.03; 0.10 2.23 ×  10–04
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expressions and post-social exclusion questionnaire 
scales were confirmed using these analyses (Supple-
mentary Table  7). Results for associations between 
child characteristics and facial expressions were simi-
larly consistent (Supplementary Table  8), and results 
for associations between reactions to Cyberball and 
later behavior problems were as well (Supplementary 
Table 9). Second, analyses were repeated on a set with-
out imputation of child characteristics (n = 4,033 in 
main analyses and n = 3,093 in secondary analyses on 
behavior problems). Results for associations between 
facial expressions and post-social exclusion question-
naire scales were confirmed in this set (Supplemen-
tary Table  10). Results for associations between child 
characteristics and facial expressions were in line with 
results for the imputed data (Supplementary Table 11), 
as were the results for associations between reactions to 
Cyberball and later behavior problems (Supplementary 
Table 12).

Discussion
In the current study, we aimed to introduce and exam-
ine a system for the fast micro-coding of facial expres-
sions in the Cyberball social exclusion paradigm, a 
frequently used computerized paradigm simulating 
social exclusion. In addition, we explored observed 
emotions and self-reported feelings in association 
with child characteristics, and studied associations 
of observed emotions and self-reported feelings with 
later behavior problems. In a population-based sample 
of 4,813 10-year-old children, we found that most chil-
dren showed negative emotional responses to the par-
adigm as observed from their facial expressions. The 
observed facial expressions of sadness and anger were 
associated with post-social exclusion self-report on 
negative feelings during the game, but not with nega-
tive feelings after the game. The facial expression of 
contempt was not associated with self-reported emo-
tions during or after the game. In addition, we found 
that girls, children with a lower IQ, and children with 
parents of Moroccan national origin, reported less 
negative feelings during the game, but did not show 
less (or more) negative emotions than other children 
as based on their observed facial expressions. Last, in 
a subsample of 3,546 children, we found that children 
with negative facial expressions had less internalizing 
behavior problems four years later, whereas children 
reporting more negative feelings during the game had 
more internalizing and externalizing behavior prob-
lems four years later.

No association between facial expressions of con-
tempt and self-reported feelings was found. The asso-
ciation between expressions of contempt and anger was 

not very strong, in line with the literature [59]. In their 
series of studies, contempt was shown to be related to 
anger as both often co-occur in an attempt to reassert 
social status in a negative social interaction. Contempt 
co-occurred with interpersonal distancing, whereas 
anger was shown to be a more short-term emotion 
and associated with reconciliation. Anger may be more 
adaptive in a social situation as the one simulated in the 
Cyberball paradigm, which may be why older children 
showed less contempt than younger children did, but 
research on contempt during development is scarce, 
making the interpretation of this finding speculative, 
and pointing to the need of developmental research on 
(the expression of ) contempt.

Reactions to social exclusion and individual differences
Exploratory analyses showed that girls displayed more 
anger than boys did during social exclusion. This find-
ing is in contrast with other research, in which 8-year 
old boys displayed more anger during social rejection 
than girls [60]. A developmental perspective might 
explain the difference between studies; a meta-analytic 
review revealed that while boys express more anger 
and girls more sadness during middle childhood, dur-
ing early adolescence girls show more anger than boys 
[61]. Another explanation might be that in this age 
range girls have a stronger preference for equity in 
social situations than boys [62]. The Cyberball para-
digm violates this expectancy, which might frustrate 
girls even more than boys.

The underreporting of negative feelings by girls, chil-
dren with a lower IQ, and children with parents of 
Moroccan national origin may be due to a social desir-
ability bias. In a questionnaire designed to detect social 
desirability bias, it was shown that girls were more 
prone to provide socially desirable answers than boys 
were [63]. In men with and without intellectual disabili-
ties, Langdon, Clare, and Murphy [64] showed that ver-
bal and performance IQ were negatively associated with 
social desirability bias. Children of immigrant Moroc-
can parents showed the same amount of negative facial 
expressions as other children, but they reported to have 
fewer negative feelings during and after the game. It is 
estimated that 4% of children in the Netherlands have 
a first or second generation Moroccan background, but 
in urban areas such as the city of Rotterdam, that num-
ber is much higher [65]. It has been previously shown 
that children of parents with Moroccan national origin 
reported to express less negative emotions towards their 
family members than children from Dutch origin [66], 
a finding that is concordant with the current observa-
tions. Together, these findings underline the importance 
of observational measures in research to counter reporter 
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biases such as social desirability bias. Furthermore, these 
findings are relevant for teachers and physicians, indicat-
ing that girls, children with a lower IQ, and children with 
certain cultural backgrounds might not be as vocal about 
their problems and needs as other children are.

Reactions to social exclusion and later behavior problems
We found that observed facial expressions during the 
task and post-Cyberball self-report on feelings dur-
ing the task had divergent associations with parent-
reported internalizing problems four years later. This 
difference may occur because of the qualitative differ-
ence between the two measures, however, timing may 
have also played a role. Emotion suppression is a regula-
tory process that is expected to happen at the moment 
of the stressful interaction itself and it is therefore pos-
sible that the observation of facial expressions during 
social exclusion taps into this process. Given that both 
emotion suppression and negative self-reported feelings 
after social exclusion have been related to more inter-
nalizing problems [18, 40, 41], this could explain the 
opposite directionality of the association for observed 
facial expressions and self-reported feelings. Although 
more research on emotion regulation strategies is nec-
essary to understand the exact regulatory processes that 
underlie these divergent associations, our results indi-
cate that the two measures have differential associations 
with later internalizing behavior problems.

Strengths, limitations, and future directions
Results showed that observed anger, sadness as well 
as total negative emotion were associated with self-
reported negative feelings during the game, but given 
that the presently used questionnaire was targeted at 
a large epidemiological sample which limited testing 
time and thus included a modest number of items, we 
were unable to verify that observed anger specifically 
associated with self-reported anger, and observed sad-
ness with sadness. In future research, a questionnaire 
would be needed that measures each emotion as a sep-
arate entity. In addition, EMG measurement of facial 
muscles would have allowed to verify the intensity of 
the observed facial expressions, however, the natural-
istic set-up of the paradigm in did not allow for this 
measurement. Further, time constraints of this epide-
miological study did not permit a true experimental 
design with a full inclusion as well as exclusion con-
dition. By adjusting the score for emotions observed 
during the brief inclusion period, however, we con-
trolled for baseline facial expressions not related to 
social exclusion. Due to the non-random order of the 
inclusion and exclusion phase, we also could not deter-
mine if the increase in facial expressions of negative 

emotions during the exclusion versus inclusion phase 
was due to the social exclusion, or because emotions 
increased over time. However, we note that intensity 
of emotions seemed to specifically decrease during 
the two times that the participant received the ball in 
the exclusion phase, suggesting that there is a relation 
between exclusion and observed negative emotions.

One of the goals of the study was to study emotional 
facial expressions in a naturalistic setting, allowing for 
the observation of blended emotions. Whilst the inter-
rater reliability of anger and contempt where good, that 
of sadness was suboptimal. This might be attributed to 
the fact that sadness and anger were often presented in 
concert, which has also been observed by others [35].

The size of the current population-based sample 
allowed for the detection of small effect sizes. Associa-
tions found between facial expressions and self-report 
were highly significant, which decreases the chance that 
these were false positives (yet does not insulate results 
from inherent biases). Most of the reported associa-
tions detected in the explorative analyses between child 
characteristics and reactions to social exclusion were 
also highly significant, but the association of maternal 
education would not survive a multiple testing correc-
tion and warrants replication. Overall, the large major-
ity of the children in the current study reacted with 
facial expressions of negative emotions. This observa-
tion is in line with an earlier study on social exclusion 
and facial expression [67] and with results from Wil-
liams [4] and Hartgerink et al. [5], who noted that the 
Cyberball paradigm has pervasive negative effects on 
participants. Further, the authors observed that effects 
of Cyberball are relatively robust against modera-
tion by personal or situational factors. Here we found 
a consistent association of observed emotions with 
reported feelings, indicating that there is meaningful 
inter-individual variation in the reaction to Cyberball. 
Since associations with individual characteristics for 
self-report were not corroborated by the observations, 
we suggest researchers measure responses to Cyberball 
both by self-report and observation.

Conclusions
This is the first time that this fast micro-coding method 
was employed to study emotional facial expressions dur-
ing social exclusion. Results showed concurrent validity 
with self-reported feelings during the game. Our results 
also suggest that self-report questionnaires may be sub-
ject to a social desirability response bias in specific 
groups of children, and that facial expressions and self-
report are differentially related to internalizing behavior, 
highlighting the complementary value of observational 
methods for emotions during challenging social settings.
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Abbreviation
AUC   area under the curve
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