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Abstract

This study investigated whether different behaviors young adolescents can act during bully-

ing episodes were associated with their ability to recognize morphed facial expressions of

the six basic emotions, expressed at high and low intensity. The sample included 117 mid-

dle-school students (45.3% girls; mean age = 12.4 years) who filled in a peer nomination

questionnaire and individually performed a computerized emotion recognition task. Bayes-

ian generalized mixed-effects models showed a complex picture, in which type and intensity

of emotions, students’ behavior and gender interacted in explaining recognition accuracy.

Results were discussed with a particular focus on negative emotions and suggesting a “neu-

tral” nature of emotion recognition ability, which does not necessarily lead to moral behavior

but can also be used for pursuing immoral goals.

Introduction

The ability to recognize emotional facial expressions is important for everyday interpersonal

relationships and for social adjustment [1–2]. Indeed, past research involving children and

adolescents showed that accurate recognition of emotions is associated with higher social and

academic competence, and with less externalizing and internalizing behaviors ([1,3–5]; see [2]

for a meta-analysis).

Quite surprisingly, this basic ability has almost been overlooked in three decades of bullying

research, despite the fact that scholars have repeatedly stressed the importance of emotions in

this phenomenon (e.g., [6–8]). In particular, in the emotional domain, bullying research has

widely focused on empathy, as recently summarized in a systematic review [8] and in two

meta-analytic studies [9–10]. However, although these studies showed that understanding and

sharing other people’s emotions is related to behavior students’ decide to act during bullying

episodes, to date only two studies specifically investigated a more basic skill, that is, emotion

recognition ability [11–12].

These two studies certainly have merits and we built on them to develop the present work.

Woods and colleagues [12] found that, controlling for gender, peer-nominated bullies did not

differ from students not involved in bullying in their ability to recognize emotions, whereas
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victims scored lower both in the overall ability to identify emotions and, in particular, in recog-

nition of anger and fear. In contrast, Ciucci and colleagues [11] recently found no significant

relation between self-reported bullying and victimization and emotion recognition abilities.

However, both studies only focused on bullying and victimization, neglecting the social nature

of bullying [13]. Indeed, they compared students who bully or who are victims with a general,

rather vague category of “uninvolved” students, which could lead to spurious results. Non-

aggressive bystanders are not a homogenous category, but quite different behaviors can be

adopted by witnesses of bullying (i.e., defending or passive bystanding; [14]) and different

bystanders’ behavior are associated with different individual characteristics (e.g., [15–17]).

Methodologically, both studies assessed emotion recognition through static photographs

[18–19], which have been suggested to resemble facial expression in everyday communication

to a lesser extent than dynamically morphed facial expressions [20–21]. Furthermore, move-

ment is acknowledged to play an important role in emotion perception affecting recognition

accuracy [22]. Additionally, both studies investigated four basic emotions (i.e., happiness, sad-

ness, fear, anger) and the rationale for excluding the other two basic emotions (surprise and

disgust) was not provided. Finally, intensity of emotions was not considered. However, in real

life, emotions are not always full-blown expressed and it has been suggested that presenting

facial expressions at both lower and higher intensities could detect more subtle performance

differences [21,23].

The current study

The novelty of the current study is to investigate the relations between four different behav-

iors in bullying, namely bullying others, being victimized, defending the victim, and passive

bystanding, and young adolescents’ ability to recognize facial expressions of the six basic

emotions [24], dynamically expressed at different intensities. Although our theoretical inter-

est was focused on participants’ recognition of the negative emotions, which are more likely

to characterize bullying episodes (e.g., sadness and fear of victims, disgust and anger of

bullies), happiness and surprise were also considered. This allowed us to detect whether

observed performances were limited to specific emotions or could be described as a more

general (in)ability. Moreover, this may provide other researchers with a more complete pic-

ture useful as a basis for future studies.

At a general level, in the whole sample we expected to replicate previous findings about dif-

ferences in recognition accuracy depending on specific emotions (e.g., [21]), that is, that some

emotions (i.e., happiness and anger) are more easily recognized than others (i.e., fear and sad-

ness). Concerning the main goal of this study and given the paucity of studies on this topic in

the bullying field, we deemed not appropriate to formulate specific hypotheses on the relation

between the recognition of each emotion, at both intensities, and each bullying-related behav-

ior. However, on the basis of both findings in other fields of research (e.g., bystanders’ inter-

vention in social psychology) and previous results in the bullying literature involving other

constructs, such as social-emotional skills, some anticipations can be made.

First, consistent with the view of bullies as “competent” individuals [25–27], it is not sur-

prising that, in general, previous studies did not find particular deficits in emotion recognition

in youth who bully. However, some differences may be expected considering different emo-

tions at different intensities. We hypothesized that higher levels of bullying could be related

with higher ability in detecting fear, which may be a useful means to identify more vulnerable

victims within the group and, subsequently, to recognize—and even maximize—the “success”

of the aggression. Second, regarding victimization, we expected to replicate previous findings

both in bullying and in other fields of research, showing general difficulties in recognizing
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emotions (e.g., [12, 28]). In particular disgust and anger, if correctly identified, especially when

they are not yet full-blown expressed, could be used to predict bullies’ attacks and, potentially,

avoid them. Third, in line with research that showed that emotion recognition abilities corre-

late with empathic skills and prosocial behavior [1], we hypothesized that defending behavior

would be associated with higher emotion recognition accuracy. This hypothesis also stems

from the picture of defenders as socially and emotionally competent [15, 29]. Moreover, given

that classic research on bystander intervention suggested that the recognition of target’s dis-

tress predicts the likelihood of helping [30–31], a link between recognition of sadness and fear

with defending (positively) and passive bystanding (negatively) behavior was expected. Associ-

ations in the same directions were hypothesized for disgust and anger. Indeed, recognizing

these emotions, for example in the bully’s face, can help to distinguish playful from intentional

aggressive behaviors and could, therefore, represent one of the first steps for deciding to inter-

vene in a potentially risky situation like bullying [32].

Finally, literature extensively showed that gender might affect both students’ behavior dur-

ing bullying episodes [17, 33–34] and emotion recognition abilities [35–36]. Therefore, even

though full exploration of gender differences was not the focus of the current study, partici-

pants’ gender was considered both as a control variable and a potential moderator in the

analyses.

Method

The research project has been approved by the Ethical Committee for the Psychological

Research of the University of Padova (number 17–2151).

Participants

Participants were recruited from one middle school (6th to 8th grade) located in a medium

sized city in the North of Italy. Of 129 students invited to participate, 127 (98.4%) obtained

written parental consent. However, due to school absences on the days of data collection, the

final sample consisted of 117 students (45.3% girls; mean age = 12 years, 3 months, SD = 9

months). All the students provided verbal assent to participate in this study.

Concerning socio-economic background, measured through the Family Affluence Scale

(FAS; [37]), the majority of the participants came from medium- and high-class families (low

FAS: 3.5%; medium FAS: 58.2%; high FAS: 38.3%). Consistent with national statistics about

student population [38], the 81.2% of the participants had both parents born in Italy, 13.7% of

them had one parent born outside Italy, and 5.1% had both parents born in foreign countries.

Measures and procedure

Behavior during bullying episodes. Participants were presented with sixteen behavioral

descriptions (adapted from [39–40]) and asked to nominate an unlimited number of class-

mates who better fitted each of them. Specifically, four items for each behavior (i.e., bullying,

victimization, defending, and passive bystanding) were used (see the S1 Appendix for the com-

plete list of items). In order to assure anonymity, students nominated classmates by indicating

their corresponding number of the class roster. For each behavior a continuous score was

computed by dividing the mean number of nominations received in the four items of each

scale by the number of nominators. All scores showed satisfactory levels of internal consistency

reliability (i.e, Cronbach’s alphas were .92, .85, .91, .68 and McDonald’s omegas were .93, .88,

.92, .70 for bullying, victimization, defending, and passive bystanding, respectively).

Emotion Recognition Task. To assess the ability to recognize and label facial emotional

expressions, the Emotion Recognition Task (ERT) was individually administered in a quiet
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room in the school. The ERT is a computerized paradigm in which morphed video clips of the

six basic facial emotional expressions are presented at different intensities (40, 60, 80 and

100%; [21, 23]) by four actors, for a total of 96 trials. Each clip shows a face gradually changing

from a neutral expression to one of the six emotions at a different level of intensity. Partici-

pants are asked to label each expression using a six-alternative force choice response without

time restriction. The order of presentation of the morphs was fixed for all participants, starting

with the lower intensities. Instructions and other technical aspects (e.g., number of frames,

length of the videos) are detailed in Kessels’ and colleagues’ [23] paper. For sake of simplicity

and parsimony, and based on preliminary analyses indicating that intensity had a substantially

dichotomous effect on emotion recognition, in the following analyses intensity was split into

low (40–60%) and high (80–100%) intensity.

Statistical approach

Given the complex structure of our data, a Bayesian Generalized Mixed-Effects Models

approach was used. Specifically, data were characterized by the presence of: (1) a dichotomous

dependent variable (i.e., accuracy); (2) observations nested within subjects; (3) between- and

within-subjects factors; (4) quantitative independent variables. Furthermore, to evaluate our

research questions we needed to test and explore 2-way, 3-way and 4-way interactions between

independent variables, and to compare several models.

As well documented in the statistical literature (e.g., [41–42]; see [43–44] for recent applica-

tions in psychology), the Bayesian approach is a valid alternative to the traditional frequentist

approach to deal with our data structure and research questions. Without going into philo-

sophical reasons, which are beyond the scope of the present paper, the Bayesian approach

allows to: (1) accurately estimate mixed-effects models as suggested by Bolker and colleagues

[45]; (2) coherently assess the variability of parameter estimates and provide associated infer-

ence via 95% Bayesian Credible Intervals (BCI). BCIs provide a direct representation of the

most credible values of the estimated parameters given the prior distribution of the parameters

and the observed data incorporated into the model. As a result, BCIs permit probabilistic state-

ments to be made regarding confidence that the estimated parameters fall within any particu-

lar range. This is similar to the way researchers often misinterpret frequentist confidence

intervals [44]. Therefore, Bayesian modeling allows us to interpret results in a manner that is

both intuitive and more rational than common alternatives (see also [43]). BCIs were calcu-

lated using the percentile method; (3) compare the models in terms of evidence within a uni-

fied framework. In particular, the Watanabe-Akaike Information Criterion (WAIC) was used

to select the best model among a set of candidate models fitted to the same data, and WAIC-

weights are presented to compare the evidence of each model with regard to all candidate

models. With this method, models were compared using a continuous and informative mea-

sure (i.e., evidence), rather than a series of simplified accept-reject dichotomous decisions typi-

cally adopted with the Null Hypothesis Significance Testing approach [42]; (4) appropriately

evaluate the interaction effects using posterior distributions of planned comparisons between

estimated parameters [46].

Two sets of analyses were conducted. First, we focused on performances in the Emotion

Recognition Task, considering type and intensity of emotion, and controlling for participants’

gender. This allowed both to investigate our first goal (i.e., to replicate findings concerning dif-

ferences in recognition accuracy depending on specific emotions), and to verify for the first

time the accuracy pattern in a sample of Italian young adolescents. Three hypothesized logistic

mixed-effects models were estimated and compared. The most plausible model was inter-

preted by means of estimated parameters, graphical representations and planned comparisons.

Facial emotion recognition in bullying
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Second, in order to answer our main research questions, participants’ behaviors during bully-

ing episodes (i.e., bullying, victimization, defending, and passive bystanding) were evaluated as

predictors of accuracy. As a measure of effect size, Odds Ratios and associated 95% BCIs are

presented and discussed.

We estimated our models using the no-U-turn sampler [47], a variant of Hamiltonian

Monte Carlo [48] as implemented in the STAN probabilistic programming language [49]. The

basic idea is to iteratively poll possible parameter values from pre-specified prior distributions

until convergence upon those model parameters that optimally represent the data.

We used the default prior specifications of the R package brms [50–51]. These priors could

be considered less informative, and lead to posterior distributions of estimated parameters that

are mostly influenced by the observed data rather than by prior information outside the study

of interest. In our case, as stated below, this choice allowed to have appropriate parameter esti-

mates and yielded satisfactory convergence of all tested models. Furthermore, from a repro-

ducibility perspective, default priors allow other researchers to immediately reproduce our

analyses and results.

Iterations of the estimation procedure were, as usual, split among independent “chains”.

The purpose of including independent chains is to ensure that the model reliably converges on

the same parameters. However, because each chain is initialized with random starting parame-

ters, they require a certain number of iterations before the optimal solution is reached—after

which the posterior distribution is sampled directly and used for inference purposes. To ensure

exclusion of this “warm-up” (also known as “burn-in”) period, we discarded the initial samples

from each chain prior to collapsing the chains for analysis [43]. All our models included 4

chains of 2,000 iterations each (8,000 in total) with a “warm-up” period of 1,000 iterations per

chain (4,000 total) resulting in 4,000 usable samples.

Convergence was evaluated via visual inspection of the chains and using the Gelman-Rubin

convergence statistic, R-hat, with values around 1 indicating convergence, and 1.100 consid-

ered as acceptable limit [41]. According to these diagnostics our models showed satisfactory

convergence, with stationary distributions of estimated parameters and all associated R-

hat’s� 1.017. All related graphics and indices are available upon request from the authors.

Moreover, all models were also estimated with the traditional maximum likelihood

approach using the lme4 package of R. In several cases, convergence was not reached. Overall,

estimated model parameters were very similar to those produced by the Bayesian approach.

Results of these analyses are available from the authors upon request

Results

Performances in the Emotion Recognition Task

Overall, the mean proportion of accuracy in emotion recognition was .62 (SD = .30). As for

intensity of emotion, the marginal mean accuracy was .56 (SD = .29) for low intensity and .66

(SD = .30) for high intensity. For types of emotion, the marginal mean accuracy was .74 (SD =

.23) for anger, .68 (SD = .27) for disgust, .39 (SD = .27) for fear, .44 (SD = .27) for sadness, .91

(SD = .13) for happiness, and .52 (SD = .22) for surprise. Overall, girls showed higher mean

accuracy (.70, SD = .28) than boys (.56, SD = .30). In Table 1, the mean proportion of accuracy

in emotion recognition by intensity, type of emotion and gender is presented.

Three plausible Bayesian logistic mixed-effects models were performed to analyze the data.

In each model, the dependent variable was accuracy in emotion recognition (0 = incorrect,

1 = correct). The first baseline-reference model (M1) was a null model including only the ran-

dom effect of subjects (i.e., a random intercept term for subjects was used). In the second

model (M2), intensity and type of emotion as well as gender were added as main fixed effects.
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Finally, in the third model (M3) the interaction between intensity and type of emotion was

also added. Results indicated that M3 (see Table 2) was clearly the most plausible model that

has generated the observed data, having the lower WAIC (WAICM1 = 14,565, WAICM2 =

12,600, WAICM3 = 12,499) and a probability of being the best of .99.

Beyond the effect of gender (ORgirls vs boys = 1.774; 95%BCI = 1.45–2.16), the recognition of

emotion was moderated by intensity. The interaction effect between intensity and type of emo-

tion is depicted in Fig 1.

Bayesian comparisons across intensity showed that anger (95%BCI = .134–.211), disgust

(95%BCI = .153–.236), happiness (95%BCI = .075–.121), and sadness (95%BCI = .065–.156)

were better recognized in the high intensity condition than in the low intensity condition. No

differences were found for fear (95%BCI = -.024–.066) and surprise (95%BCI = -.042–.051).

Bayesian pairwise comparisons across emotions by type of intensity are presented in Table 3,

for the interested readers.

Table 1. Mean proportion of accuracy in emotion recognition by intensity, emotion and gender.

Gender Intensity Emotion

Anger Disgust Fear Sadness Happiness Surprise

Boys Low .58 51 .31 .31 .84 .49

High .79 .75 .32 .43 .96 .48

Girls Low .74 .68 .47 .47 .88 .55

High .86 .79 .50 .56 .97 .77

nsubjects = 117

https://doi.org/10.1371/journal.pone.0188062.t001

Table 2. Estimated parameters of the best fitting Bayesian logistic mixed-effects model with accuracy in emotion recognition as dependent vari-

able (M3).

Fixed effects

B SE 95% BCI Odds Ratio (95% BCI)

Gender (girl) .57 .10 .37 –.77 1.77 (1.45–2.16)

Intensity (high) .96 .11 .75–1.18 2.62 (2.11–3.25)

Emotion

Disgust -.31 .10 -.50 –-.11 .74 (.61 –.90)

Fear -1.20 .10 -1.39 –-1.01 .30 (.25 –.37)

Happiness 1.25 .12 1.02–1.48 3.48 (2.78–4.38)

Sadness -1.17 .10 -1.36 –-.98 .31 (.26 –.38)

Surprise -.61 .10 -.79 –-.42 .55 (.45 –.66)

Intensity × Emotion

High × Disgust -.02 .15 -.33 –.27 .98 (.72–1.31)

High × Fear -.88 .15 -1.16 –-.59 .42 (.31 –.55)

High × Happiness .65 .23 .21–1.10 1.92 (1.24–3.01)

High × Sadness -.52 .15 -.81 –-.22 .60 (.45 –.80)

High × Surprise -.94 .14 -1.22 –-0.66 .39 (.29 –.52)

Random effects

Estimate SE 95% BCI

ŝsubjects .50 .04 .43 –.59

nsubjects = 117; nobservations = 11232

Baseline category for Gender was “boy”. Baseline category for Intensity was “low”. Baseline category for Emotion was “Anger”. BCI = Bayesian Credible

Intervals

https://doi.org/10.1371/journal.pone.0188062.t002
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Relations between emotion recognition and behaviors during bullying

episodes

For the sake of transparency, in Table 4 descriptive statistics of emotion recognition accuracy

by levels of behaviors, type and intensity of emotion, and participants’ gender, are shown.

To examine the associations between emotion recognition and behaviors during bullying

episodes, we started by comparing two Bayesian logistic mixed-effects models for each behav-

ior with emotion recognition as dependent variable. The first model included participants’

gender, intensity and type of emotion, the participant score on the behavior of interest and the

related 2-, 3- and 4-way interactions as fixed effects. Additionally, the scores on the other three

behaviors were included (and thus controlled for) as main fixed effects. This approach allowed

to partially overcome issues regarding model complexity (in terms of number of parameters),

multicollinearity among behaviors (correlations are reported in Table 5), and interpretability

of results. In the second model, the 4-way interaction was dropped. In both models, subjects

were treated as random effects (i.e., a random intercept term for subjects was used).

According to common guidelines [42, 52], model comparisons showed that (i) for bullying

and defending, the model with the 4-way interaction should be strongly preferred; (ii) for vic-

timization, the model with the 4-way interaction and the one without it were substantially

equally plausible; (iii) for passive bystanding, there was weak evidence in favor of the model

without the 4-way interaction (see Table 6).

Consistent with these results and to facilitate interpretation, we chose to focus on the mod-

els that included the 4-way interactions (see Table 7).

The estimated 4-way interactions for the four models are presented in Fig 2. For each combi-

nation of gender, intensity and type of emotion the Odds Ratio associated with an increment of

Fig 1. Estimated mean proportions of correct responses by emotion and intensity. Error bars represent 95% Bayesian credible

intervals (nsubjects = 117, nobservations = 11232).

https://doi.org/10.1371/journal.pone.0188062.g001
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10% in the bullying (Fig 2a), victimization (Fig 2b), defending (Fig 2c), and passive bystanding

(Fig 2d) score and the associated 95%BCI are displayed. All the corresponding numerical indi-

ces are included in Table 8.

Bullying. Ninety-five percent BCIs indicated that higher levels of bullying were associated

with better recognition of fear in both intensity conditions among boys, with worse recogni-

tion of low and high intensity sadness among girls and with less accuracy in recognizing dis-

gust in the low intensity condition in both gender groups. Moreover, bullying was associated

to better recognition of happiness, at high intensity among boys and at low levels among girls

(Table 7).

Table 3. Bayesian pairwise comparisons across emotions by type of intensity with accuracy in emo-

tion recognition as dependent variable.

Intensity Pair of Emotions Value 95% BCI

Low anger—disgust .07 .03–.12

anger—fear .29 .25–.33

anger—happiness -.21 -.25–-.17

anger—sadness .28 .24–.33

anger—surprise .14 .10–.19

disgust—fear .22 .17–.26

disgust—happiness -.28 -.32–-.24

disgust—sadness .21 .16–.26

disgust—surprise .07 .03–.12

fear—happiness -.50 -.54–-.46

fear—sadness -.01 -.05–.04

fear—surprise -.14 -.19–-.10

happiness—sadness .49 .45–.53

happiness—surprise .35 .31–.39

sadness—surprise -.14 -.18–-.09

High anger—disgust .05 .01–.08

anger—fear .44 .40–.48

anger—happiness -.13 -.16–-.11

anger—sadness .35 .30–.39

anger—surprise .31 .27–.35

disgust—fear .39 .35–.43

disgust—happiness -.18 -.21–-.15

disgust—sadness .3 .25–.34

disgust—surprise .26 .22–.31

fear—happiness -.57 -.61–-.53

fear—sadness -.10 -.14–-.05

fear—surprise -.13 -.17–-.08

happiness—sadness .48 .44–.52

happiness—surprise .44 .41–.48

sadness—surprise -.03 -.08–.01

nsubjects = 117; nobservations = 11232

Values are reported on the logit scale. For each pair of emotion, a positive value indicates that first emotion

was recognized more accurately than the second emotion. BCI = Bayesian Credible Intervals. 95% BCIs

that did not included 0 are reported in italics.

https://doi.org/10.1371/journal.pone.0188062.t003
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Table 4. Mean proportion of accuracy in emotion recognition by intensity, emotion, gender and behaviors during bullying episodes (i.e., bullying/

/victimization/ defending/passive bystanding score). Medians were calculated separately for boys and girls.

Bullying

Gender Intensity Bullying Score Emotion

Anger Disgust Fear Sadness Happiness Surprise

Boys Low Below median .56 .53 .24 .31 .85 .46

Above median .60 .48 .38 .32 .84 .51

High Below median .82 .73 .22 .44 .95 .44

Above median .77 .78 .42 .42 .98 .51

Girls Low Below median .75 .76 .49 .55 .86 .56

Above median .72 .59 .45 .40 .90 .54

High Below median .83 .83 .49 .62 .97 .57

Above median .89 .75 .50 .50 .97 .57

Victimization

Gender Intensity Victimization Score Emotion

Anger Disgust Fear Sadness Happiness Surprise

Boys Low Below median .61 .47 .35 .34 .86 .48

Above median .55 .54 .27 .29 .83 .49

High Below median .79 .70 .32 .48 .95 .54

Above median .80 .80 .32 .38 .98 .42

Girls Low Below median .78 .75 .51 .56 .87 .56

Above median .69 .61 .43 .38 .89 .54

High Below median .88 .82 .55 .67 .99 .64

Above median .85 .76 .44 .44 .96 .50

Defending

Gender Intensity Defending Score Emotion

Anger Disgust Fear Sadness Happiness Surprise

Boys Low Below median .53 .48 .25 .34 .84 .49

Above median .63 .53 .37 .29 .85 .48

High Below median .80 .76 .28 .49 .98 .50

Above median .78 .74 .36 .37 .94 .45

Girls Low Below median .63 .57 .36 .34 .89 .51

Above median .86 .80 .59 .62 .86 .60

High Below median .86 .76 .40 .43 .95 .50

Above median .86 .82 .60 .70 1.00 .66

Passive bystanding

Gender Intensity Passive Bystanding Score Emotion

Anger Disgust Fear Sadness Happiness Surprise

Boys Low Below median .59 .52 .31 .28 .85 .47

Above median .57 .49 .30 .35 .84 .50

High Below median .79 .73 .29 .39 .94 .44

Above median .79 .78 .36 .47 .98 .52

Girls Low Below median .77 .69 .52 .52 .89 .52

Above median .70 .66 .41 .43 .87 .58

High Below median .88 .75 .53 .59 .97 .56

Above median .85 .84 .46 .52 .97 .58

nsubjects = 117

The division in low/high behavioral level (on the basis of the median) was made to facilitate interpretability and to provide the reader with a first picture of the

relations among variables.

https://doi.org/10.1371/journal.pone.0188062.t004
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Victimization. Among boys, higher levels of victimization were associated with less

accuracy in recognizing fear in the low intensity condition, and sadness in the high intensity

condition. Among girls, higher levels of victimization were associated with less accuracy in rec-

ognizing disgust and sadness in both intensity conditions, surprise in the high intensity condi-

tion and with better recognition of happiness in the low intensity condition (Table 7).

Defending. Among girls, higher levels of defending were related to better recognition of

anger in the low intensity condition, disgust, fear, and sadness in both intensity conditions

and surprise at high intensity. Moreover, higher defending was associated with the recognition

of happiness in the high intensity condition, so that it was lower among boys and higher

among girls (Table 7).

Passive bystanding. Among girls, passive bystanding behavior was associated with more

accuracy in recognizing disgust in the high intensity condition. Moreover, higher levels of pas-

sive bystanding in boys were related to better recognition of surprise in the high intensity con-

dition (Table 7).

Discussion

The aim of this study was to offer, for the first time, a fullest possible overview of the relation

between facial emotion recognition abilities and young adolescents’ behavior during bullying

episodes. In particular, four different behaviors in bullying (i.e., bullying others, being victim-

ized, defending the victim, and passive bystanding) and recognition skills of morphed facial

expressions of the six basic emotions, expressed at two different intensities, were considered.

Given the complexity of both data structure and research questions, we used a Bayesian

approach rather than the traditional frequentist approach. This represents an important nov-

elty in the field. Beyond theoretical reasons, this approach allowed us to obtain robust estimates

Table 5. Means, standard deviations, and correlations between behaviors during bullying episodes scores.

M SD 1 2 3

1. Bullying .12 .15

2. Victimization .11 .14 .02

3. Defending .18 .14 -.33** -.28**

4. Passive Bystanding .21 .08 .40** .04 -.49**

** indicates p < .01 (n = 117)

https://doi.org/10.1371/journal.pone.0188062.t005

Table 6. Comparison of Bayesian logistic mixed-effects models with emotion recognition as dependent variable by behavior during bullying

episodes.

Behavior Model WAIC Evidence Ratio in favor of the model including the 4-way interaction

Bullying With the 4-way interaction 12,395.14 1,353.34

Without the 4-way interaction 12,410.56

Victimization With the 4-way interaction 12,470.96 1.52

Without the 4-way interaction 12,471.80

Defending With the 4-way interaction 12,456.48 21.09

Without the 4-way interaction 12,462.58

Passive Bystanding With the 4-way interaction 12,503.01 .26

Without the 4-way interaction 12,500.30

nsubjects = 117, nobservations = 11232

WAIC = Watanabe-Akaike Information Criterion.

https://doi.org/10.1371/journal.pone.0188062.t006

Facial emotion recognition in bullying

PLOS ONE | https://doi.org/10.1371/journal.pone.0188062 November 13, 2017 10 / 23

https://doi.org/10.1371/journal.pone.0188062.t005
https://doi.org/10.1371/journal.pone.0188062.t006
https://doi.org/10.1371/journal.pone.0188062


Table 7. Estimated parameters of the Bayesian logistic mixed-effects models including four-way interactions (gender × intensity ×
emotion × behavior) with accuracy in emotion recognition as dependent variable.

Bullying

Fixed effects

B SE 95% BCI Odds Ratio (95% BCI)

Gender (girl) .55 .23 .08–1 1.73 (1.09–2.72)

Intensity (high) 1.23 .20 .85–1.61 3.43 (2.33–5.02)

Emotion

Disgust -.01 .17 -.34 –.33 .99 (.71–1.39)

Fear -1.69 .19 -2.06 –-1.33 .18 (.13 –.26)

Happiness 1.59 .21 1.18–1.99 4.91 (3.27–7.32)

Sadness -1.14 .18 -1.49 –-.78 .32 (.23 –.46)

Surprise -.37 .17 -.71 –-.03 .69 (.49 –.97)

Bullying .22 .62 -.95–1.45 1.02 (.91–1.16)

Victimization 2.25 .49 1.24–3.21 1.25 (1.13–1.38)

Defending -.80 .35 -1.46 –-.1 .92 (.86 –.99)

Passive Bystanding .84 .73 -.57–2.3 1.09 (.95–1.26)

Gender × Intensity -.99 .31 -1.6 –-.39 .37 (.2 –.67)

Gender × Emotion

Girls × Disgust -.11 .27 -.66 –.41 .9 (.52–1.51)

Girls × Fear .40 .27 -.15 –.91 1.49 (.86–2.48)

Girls × Happiness -1.09 .32 -1.71 –-.44 .34 (.18 –.64)

Girls × Sadness .06 .27 -.48 –.6 1.07 (.62–1.82)

Girls × Surprise -.66 .26 -1.19 –-.13 .52 (.3 –.88)

Gender × Bullying -1.42 1.59 -4.49–1.69 .87 (.64–1.18)

Intensity × Emotion

High × Disgust -.52 .27 -1.06 –.03 .6 (.35–1.03)

High × Fear -1.17 .28 -1.71 –-.63 .31 (.18 –.53)

High × Happiness -.19 .41 -.98 –.62 .83 (.37–1.86)

High × Sadness -.66 .27 -1.2 –-.14 .52 (.3 –.87)

High × Surprise -1.34 .26 -1.85 –-.85 .26 (.16 –.43)

Intensity × Bullying -1.14 .79 -2.67 –.41 .89 (.77–1.04)

Emotion × Bullying

Disgust × Bullying -1.97 .74 -3.46 –-.56 .82 (.71 –.95)

Fear × Bullying 2.94 .74 1.5–4.4 1.34 (1.16–1.55)

Happiness × Bullying -1.08 .83 -2.69 –.56 .9 (.76–1.06)

Sadness × Bullying -.09 .75 -1.59–1.39 .99 (.85–1.15)

Surprise × Bullying -.16 .72 -1.54–1.27 .98 (.86–1.14)

Gender × Intensity × Emotion

Girls × High × Disgust .62 .42 -.21–1.45 1.86 (.81–4.26)

Girls × High × Fear .96 .41 .17–1.76 2.62 (1.19–5.79)

Girls × High × Happiness 2.00 .64 .74–3.29 7.38 (2.1–26.93)

Girls × High × Sadness .79 .40 .01–1.61 2.21 (1.01–4.98)

Girls × High × Surprise 1.14 .39 .37–1.92 3.14 (1.45–6.81)

Gender × Intensity × Bullying 12.39 3.11 6.55–18.64 3.45 (1.93–6.45)

Gender × Emotion × Bullying

Girls × Disgust × Bullying -.61 1.94 -4.46–3.27 .94 (.64–1.39)

Girls × Fear × Bullying -2.25 1.89 -5.74–1.59 .8 (.56–1.17)

Girls × Happiness × Bullying 9.91 3.11 4.17–16.31 2.69 (1.52–5.11)

Girls × Sadness × Bullying -2.41 2.00 -6.27–1.54 .79 (.53–1.17)
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Table 7. (Continued)

Girls × Surprise × Bullying 2.16 1.89 -1.66–5.93 1.24 (.85–1.81)

Intensity × Emotion × Bullying

High × Disgust × Bullying 3.96 1.17 1.72–6.23 1.49 (1.19–1.86)

High × Fear × Bullying 1.19 1.10 -.89–3.32 1.13 (.91–1.39)

High × Happiness × Bullying 6.05 2.53 1.59–11.67 1.83 (1.17–3.21)

High × Sadness × Bullying .81 1.09 -1.36–2.91 1.08 (.87–1.34)

High × Surprise × Bullying 1.57 1.06 -.51–3.65 1.17 (.95–1.44)

Gender × Intensity × Emotion × Bullying

Girls × High × Disgust × Bullying -11.06 3.76 -18.82 –-3.54 .33 (.15 –.7)

Girls × High × Fear × Bullying -11.26 3.57 -18.29 –-4.52 .32 (.16 –.64)

Girls × High × Happiness × Bullying -24.33 5.95 -36.13 –-12.61 .09 (.03 –.28)

Girls × High × Sadness × Bullying -11.93 3.68 -19.31 –-4.79 .3 (.15 –.62)

Girls × High × Surprise × Bullying -12.17 3.58 -19.37 –-5.39 .3 (.14 –.58)

Random effects

Estimate SE 95% BCI

ŝsubjects .43 .04 .36 –.51

Victimization

Fixed effects

B SE 95% BCI Odds Ratio (95% BCI)

Gender (girl) .52 .22 .08 –.95 1.68 (1.08–2.58)

Intensity (high) 1.05 .19 .66–1.42 2.87 (1.94–4.14)

Emotion

Disgust -.58 .17 -.91 –-.26 .56 (.4 –.77)

Fear -1.04 .17 -1.38 –-.71 .35 (.25 –.49)

Happiness 1.43 .20 1.04–1.83 4.18 (2.82–6.24)

Sadness -1.20 .18 -1.55 –-.85 .3 (.21 –.43)

Surprise -.64 .16 -.96 –-.32 .53 (.38 –.73)

Victimization -.83 .70 -2.25 –.53 .92 (.8–1.05)

Defending 2.09 .46 1.19–3.03 1.23 (1.13–1.35)

Bullying .42 .33 -.21–1.04 1.04 (.98–1.11)

Passive Bystanding .78 .68 -.52–2.1 1.08 (.95–1.23)

Gender × Intensity -.12 .31 -.72 –.48 .89 (.49–1.62)

Gender × Emotion

Girls × Disgust .40 .26 -.1 –.94 1.5 (.9–2.55)

Girls × Fear -.23 .26 -.72 –.3 .8 (.49–1.35)

Girls × Happiness -.89 .31 -1.5 –-.28 .41 (.22 –.75)

Girls × Sadness .19 .27 -.34 –.69 1.2 (.72–1.99)

Girls × Surprise -.26 .25 -.76 –.21 .77 (.47–1.23)

Gender × Victimization -.46 1.34 -3.05–2.18 .96 (.74–1.24)

Intensity × Emotion

High × Disgust .07 .26 -.44 –.59 1.07 (.64–1.81)

High × Fear -1.25 .25 -1.74 –-.75 .29 (.18 –.47)

High × Happiness .24 .39 -.51–1.04 1.27 (.6–2.84)

High × Sadness -.38 .26 -.89 –.15 .68 (.41–1.16)

High × Surprise -.81 .25 -1.28 –-.32 .44 (.28 –.73)

Intensity × Victimization -.02 .94 -1.81–1.84 1 (.83–1.2)

Emotion × Victimization

Disgust × Victimization 2.12 .86 .51–3.86 1.24 (1.05–1.47)

Fear × Victimization -1.39 1.01 -3.44 –.55 .87 (.71–1.06)

Happiness × Victimization -.07 .99 -1.94–1.92 .99 (.82–1.21)
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Table 7. (Continued)

Sadness × Victimization .33 .94 -1.54–2.15 1.03 (.86–1.24)

Surprise × Victimization 1.90 .86 .23–3.59 1.21 (1.02–1.43)

Gender × Intensity × Emotion

Girls × High × Disgust -.35 .43 -1.21 –.5 .7 (.3–1.65)

Girls × High × Fear .46 .40 -.32–1.24 1.58 (.73–3.44)

Girls × High × Happiness 1.37 .69 .04–2.74 3.93 (1.04–15.45)

Girls × High × Sadness -.11 .41 -.92 –.66 .89 (.4–1.93)

Girls × High × Surprise .20 .40 -.59 –.97 1.22 (.55–2.64)

Gender × Intensity × Victimization -.85 1.81 -4.31–2.73 .92 (.65–1.31)

Gender × Emotion × Victimization

Girls × Disgust × Victimization -3.53 1.63 -6.73 –-.3 .7 (.51 –.97)

Girls × Fear × Victimization 1.78 1.71 -1.65–5.02 1.2 (.85–1.65)

Girls × Happiness × Victimization 6.17 2.41 1.68–11.01 1.85 (1.18–3.01)

Girls × Sadness × Victimization -3.04 1.74 -6.57 –.27 .74 (.52–1.03)

Girls × Surprise × Victimization -1.77 1.60 -4.87–1.29 .84 (.61–1.14)

Intensity × Emotion × Victimization

High × Disgust × Victimization .24 1.37 -2.48–2.91 1.02 (.78–1.34)

High × Fear × Victimization 2.30 1.39 -.45–5.04 1.26 (.96–1.66)

High × Happiness × Victimization 2.83 2.31 -1.4–7.76 1.33 (.87–2.17)

High × Sadness × Victimization -1.24 1.37 -3.9–1.36 .88 (.68–1.15)

High × Surprise × Victimization -2.19 1.27 -4.61 –.23 .8 (.63–1.02)

Gender × Intensity × Emotion × Victimization

Girls × High × Disgust × Victimization .66 2.52 -4.13–5.61 1.07 (.66–1.75)

Girls × High × Fear × Victimization -1.77 2.47 -6.48–3.14 .84 (.52–1.37)

Girls × High × Happiness × Victimization -11.25 4.10 -19.27 –-3.34 .32 (.15 –.72)

Girls × High × Sadness × Victimization 1.43 2.56 -3.42–6.4 1.15 (.71–1.9)

Girls × High × Surprise × Victimization .39 2.38 -4.32–5.1 1.04 (.65–1.67)

Random effects

Estimate SE 95% BCI

ŝsubjects .41 .04 .34 –.49

Defending

Fixed effects

B SE 95% BCI Odds Ratio (95% BCI)

Gender (girl) -.08 .33 -.74 –.56 .92 (.48–1.75)

Intensity (high) 1.32 .28 .77–1.84 3.75 (2.16–6.32)

Emotion

Disgust -.11 .25 -.61 –.36 .89 (.55–1.44)

Fear -1.30 .26 -1.81 –-.8 .27 (.16 –.45)

Happiness 1.66 .29 1.09–2.22 5.27 (2.97–9.18)

Sadness -.76 .26 -1.28 –-.25 .47 (.28 –.78)

Surprise -.11 .25 -.6 –.37 .89 (.55–1.44)

Defending 1.75 1.60 -1.3–4.93 1.19 (.88–1.64)

Bullying .28 .32 -.37 –.9 1.03 (.96–1.09)

Victimization -.85 .34 -1.5 –-.16 .92 (.86 –.98)

Passive Bystanding .51 .71 -.9–1.89 1.05 (.91–1.21)

Gender × Intensity .73 .46 -.18–1.62 2.07 (.84–5.06)

Gender × Emotion

Girls × Disgust -.19 .41 -.99 –.61 .83 (.37–1.83)

Girls × Fear .29 .41 -.51–1.12 1.34 (.6–3.06)

Girls × Happiness .50 .47 -.44–1.45 1.64 (.65–4.24)
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Table 7. (Continued)

Girls × Sadness -.77 .43 -1.59 –.09 .47 (.2–1.09)

Girls × Surprise .08 .40 -.67 –.88 1.09 (.51–2.4)

Gender × Defending 2.46 1.88 -1.1–6.14 1.28 (.9–1.85)

Intensity × Emotion

High × Disgust -.26 .39 -1 –.53 .77 (.37–1.7)

High × Fear -1.11 .39 -1.85 –-.35 .33 (.16 –.71)

High × Happiness 1.46 .58 .35–2.6 4.3 (1.42–13.44)

High × Sadness -.81 .39 -1.58 –-.05 .44 (.21 –.95)

High × Surprise -1.47 .37 -2.19 –-.74 .23 (.11 –.48)

Intensity × Defending -2.41 2.07 -6.32–1.73 .79 (.53–1.19)

Emotion × Defending

Disgust × Defending -1.79 1.88 -5.44–1.9 .84 (.58–1.21)

Fear × Defending .93 1.93 -2.84–4.84 1.1 (.75–1.62)

Happiness × Defending -2.15 2.16 -6.24–2.3 .81 (.54–1.26)

Sadness × Defending -3.52 2.02 -7.46 –.46 .7 (.47–1.05)

Surprise × Defending -2.47 1.89 -6.13–1.25 .78 (.54–1.13)

Gender × Intensity × Emotion

Girls × High × Disgust -.66 .63 -1.88 –.62 .52 (.15–1.85)

Girls × High × Fear -.76 .62 -1.95 –.47 .47 (.14–1.6)

Girls × High × Happiness -3.37 .90 -5.15 –-1.58 .03 (.01 –.21)

Girls × High × Sadness -.89 .64 -2.12 –.34 .41 (.12–1.4)

Girls × High × Surprise -.88 .62 -2.09 –.34 .42 (.12–1.4)

Gender × Intensity × Defending -2.54 2.46 -7.39–2.12 .78 (.48–1.24)

Gender × Emotion × Defending

Girls × Disgust × Defending 1.74 2.26 -2.79–6.21 1.19 (.76–1.86)

Girls × Fear × Defending -2.02 2.28 -6.71–2.39 .82 (.51–1.27)

Girls × Happiness × Defending -2.65 2.51 -7.7–2.22 .77 (.46–1.25)

Girls × Sadness × Defending 4.44 2.37 -.25–9.02 1.56 (.98–2.46)

Girls × Surprise × Defending -1.01 2.21 -5.35–3.23 .9 (.59–1.38)

Intensity × Emotion × Defending

High × Disgust × Defending 3.12 2.94 -2.72–8.85 1.37 (.76–2.42)

High × Fear × Defending 1.15 2.87 -4.53–6.67 1.12 (.64–1.95)

High × Happiness × Defending -5.82 3.55 -12.86–1.04 .56 (.28–1.11)

High × Sadness × Defending 2.47 2.92 -3.25–8.06 1.28 (.72–2.24)

High × Surprise × Defending 3.37 2.78 -2.12–8.76 1.4 (.81–2.4)

Gender × Intensity × Emotion × Defending

Girls × High × Disgust × Defending -.22 3.45 -7.06–6.43 .98 (.49–1.9)

Girls × High × Fear × Defending 3.56 3.31 -2.76–1.07 1.43 (.76–2.74)

Girls × High × Happiness × Defending 18.09 4.72 8.93–27.42 6.1 (2.44–15.52)

Girls × High × Sadness × Defending 2.69 3.41 -4.03–9.35 1.31 (.67–2.55)

Girls × High × Surprise × Defending 3.10 3.29 -3.28–9.59 1.36 (.72–2.61)

Random effects

Estimate SE 95% BCI

ŝsubjects .41 .04 .34 –.48

Passive bystanding

Fixed effects

B SE 95% BCI Odds Ratio (95% BCI)

Gender (girl) .84 .52 -.18–1.85 2.32 (.84–6.38)

Intensity (high) .89 .41 .08–1.68 2.43 (1.09–5.38)

Emotion

(Continued )
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Table 7. (Continued)

Disgust -.04 .37 -.75 –.7 .96 (.47–2.01)

Fear -1.15 .39 -1.9 –-.38 .32 (.15 –.68)

Happiness 1.43 .42 .62–2.26 4.2 (1.86–9.61)

Sadness -1.41 .38 -2.14 –-.66 .24 (.12 –.52)

Surprise -.76 .37 -1.47 –-.05 .47 (.23 –.95)

Passive Bystanding .42 1.27 -1.97–2.93 1.04 (.82–1.34)

Defending 2.24 .48 1.33–3.16 1.25 (1.14–1.37)

Bullying .26 .34 -.43 –.92 1.03 (.96–1.1)

Victimization -.83 .36 -1.54 –-.14 .92 (.86 –.99)

Gender × Intensity -.77 .69 -2.11 –.61 .46 (.12–1.85)

Gender × Emotion

Girls × Disgust -.39 .62 -1.59 –.83 .68 (.2–2.28)

Girls × Fear .11 .62 -1.11–1.3 1.12 (.33–3.65)

Girls × Happiness -1.11 .72 -2.55 –.27 .33 (.08–1.31)

Girls × Sadness .42 .63 -.84–1.66 1.53 (.43–5.24)

Girls × Surprise -1.16 .61 -2.34 –.05 .31 (.1–1.06)

Gender × Passive Bystanding -2.08 2.38 -6.77–2.6 .81 (.51–1.3)

Intensity × Emotion

High × Disgust -.30 .57 -1.39 –.83 .74 (.25–2.29)

High × Fear -1.18 .58 -2.33 –-.05 .31 (.1 –.96)

High × Happiness -.32 .83 -1.93–1.29 .73 (.14–3.65)

High × Sadness -.55 .55 -1.62 –.56 .58 (.2–1.75)

High × Surprise -1.24 .55 -2.34 –-.17 .29 (.1 –.84)

Intensity × Passive Bystanding .71 1.64 -2.54–3.92 1.07 (.78–1.48)

Emotion × Passive Bystanding

Disgust × Passive Bystanding -1.20 1.50 -4.18–1.73 .89 (.66–1.19)

Fear × Passive Bystanding -.14 1.57 -3.28–2.94 .99 (.72–1.34)

Happiness × Passive Bystanding -.07 1.72 -3.39–3.28 .99 (.71–1.39)

Sadness × Passive Bystanding 1.15 1.55 -1.92–4.1 1.12 (.82–1.51)

Surprise × Passive Bystanding 1.59 1.47 -1.27–4.45 1.17 (.88–1.56)

Gender × Intensity × Emotion

Girls × High × Disgust -.44 .95 -2.34–1.43 .65 (.1–4.18)

Girls × High × Fear 1.10 .93 -.72–2.93 3.01 (.49–18.67)

Girls × High × Happiness 2.53 1.43 -.27–5.39 12.54 (.76–218.9)

Girls × High × Sadness .40 .92 -1.42–2.15 1.5 (.24–8.59)

Girls × High × Surprise 1.81 .90 .03–3.56 6.13 (1.03–35.08)

Gender × Intensity × Passive Bystanding 3.06 3.22 -3.1–9.43 1.36 (.73–2.57)

Gender × Emotion × Passive Bystanding

Girls × Disgust × Passive Bystanding 1.76 2.85 -3.81–7.35 1.19 (.68–2.08)

Girls × Fear × Passive Bystanding -1.03 2.91 -6.65–4.67 .9 (.51–1.59)

Girls × Happiness × Passive Bystanding 3.55 3.38 -2.93–1.25 1.43 (.75–2.79)

Girls × Sadness × Passive Bystanding -2.47 2.96 -8.27–3.43 .78 (.44–1.41)

Girls × Surprise × Passive Bystanding 3.81 2.83 -1.8–9.25 1.46 (.84–2.52)

Intensity × Emotion × Passive Bystanding

High × Disgust × Passive Bystanding 1.70 2.31 -2.81–6.16 1.19 (.75–1.85)

High × Fear × Passive Bystanding .82 2.34 -3.79–5.47 1.09 (.68–1.73)

High × Happiness × Passive Bystanding 4.22 3.66 -2.7–11.55 1.52 (.76–3.17)

High × Sadness × Passive Bystanding .06 2.26 -4.46–4.54 1.01 (.64–1.57)

High × Surprise × Passive Bystanding .66 2.21 -3.62–5.08 1.07 (.7–1.66)
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and model convergence in spite of the non-optimal sample size-number of estimated parame-

ters ratio.

First, we verified that the accuracy in the facial emotion recognition, measured through

the recently developed Emotion Recognition Task [21], paralleled previous findings in the

Table 7. (Continued)

Gender × Intensity × Emotion × Passive Bystanding

Girls × High × Disgust × Passive Bystanding 1.21 4.45 -7.56–9.91 1.13 (.47–2.69)

Girls × High × Fear × Passive Bystanding -4.22 4.33 -12.6–4.37 .66 (.28–1.55)

Girls × High × Happiness × Passive Bystanding -11.38 6.64 -24.36–1.9 .32 (.09–1.21)

Girls × High × Sadness × Passive Bystanding -1.72 4.36 -1.1–6.85 .84 (.36–1.98)

Girls × High × Surprise × Passive Bystanding -7.61 4.18 -15.75 –.48 .47 (.21–1.05)

Random effects

Estimate SE 95% BCI

ŝsubjects .43 .04 .36 –.50

nsubjects = 117, nobservations = 11232

Baseline category for Gender was “boy”. Baseline category for Intensity was “low”. Baseline category for Emotion was “Anger”. BCI = Bayesian Credible

Intervals

For main and interaction effects including behavior (i.e., bullying, victimization, defending and passive bystanding), the Odds Ratio for a 10% increase in the

associated score is presented.

https://doi.org/10.1371/journal.pone.0188062.t007

Fig 2. Estimated Odds Ratios representing the relative variation in the odds of emotion recognition accuracy for a 10%

increase of bullying/ /victimization/ defending/passive bystanding score. Error bars represent 95% Bayesian credible intervals

(nsubjects = 117, nobservations = 11232).

https://doi.org/10.1371/journal.pone.0188062.g002
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Table 8. Estimated Odds Ratios for emotion recognition associated with an increase of 10% in behaviors during bullying episodes (i.e., bullying/

/victimization/ defending/passive bystanding score) by type of behavior, emotion, intensity and gender.

Bullying

Emotion Intensity Gender Odds Ratio 95% BCI

Anger Low Boys 1.02 .91–1.16

Girls .89 .67–1.18

High Boys .91 .80–1.04

Girls .79 .58–1.09

Disgust Low Boys .84 .74 –.95

Girls .68 .52 –.91

High Boys 1.11 .97–1.29

Girls 1.04 .75–1.43

Fear Low Boys 1.37 1.22–1.55

Girls .95 .72–1.24

High Boys 1.38 1.21–1.58

Girls 1.07 .82–1.40

Sadness Low Boys 1.01 .89–1.15

Girls .69 .51 –.92

High Boys .98 .87–1.11

Girls .70 .53 –.93

Happiness Low Boys .92 .80–1.06

Girls 2.14 1.31–3.83

High Boys 1.50 1.01–2.52

Girls 1.06 .56–2.28

Surprise Low Boys 1.01 .90–1.13

Girls 1.08 .82–1.44

High Boys 1.05 .94–1.18

Girls 1.15 .88–1.52

Victimization

Emotion Intensity Gender Odds Ratio 95% BCI

Anger Low Boys .92 .80–1.05

Girls .88 .70–1.10

High Boys .92 .79–1.07

Girls .88 .66–1.18

Disgust Low Boys 1.14 .99–1.31

Girls .76 .61 –.95

High Boys 1.16 .99–1.38

Girls .77 .61 –.98

Fear Low Boys .80 .67 –.94

Girls .91 .74–1.13

High Boys 1.01 .87–1.17

Girls .88 .71–1.09

Sadness Low Boys .95 .82–1.10

Girls .67 .53 –.84

High Boys .84 .72 –.97

Girls .63 .49 –.78

Happiness Low Boys .91 .78–1.08

Girls 1.62 1.11–2.45

High Boys 1.21 .86–1.87

Girls .64 .42–1.01

(Continued )
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Table 8. (Continued)

Surprise Low Boys 1.11 .98–1.27

Girls .89 .72–1.10

High Boys .89 .78–1.02

Girls .68 .55 –.85

Defending

Emotion Intensity Gender Odds Ratio 95% BCI

Anger Low Boys 1.19 .88–1.64

Girls 1.52 1.27–1.87

High Boys .94 .67–1.33

Girls 1.20 .77–1.89

Disgust Low Boys 1.00 .73–1.37

Girls 1.52 1.27–1.83

High Boys 1.07 .76–1.53

Girls 1.23 1.02–1.49

Fear Low Boys 1.31 .93–1.82

Girls 1.37 1.17–1.60

High Boys 1.15 .83–1.58

Girls 1.34 1.14–1.58

Sadness Low Boys .84 .60–1.17

Girls 1.67 1.41–2.02

High Boys .84 .61–1.17

Girls 1.71 1.43–2.05

Happiness Low Boys .96 .66–1.42

Girls .94 .77–1.15

High Boys .42 .26 –.71

Girls 1.96 1.20–3.49

Surprise Low Boys .93 .69–1.27

Girls 1.08 .92–1.26

High Boys 1.03 .75–1.41

Girls 1.25 1.07–1.48

Passive bystanding

Emotion Intensity Gender Odds Ratio 95% BCI

Anger Low Boys 1.04 .82–1.34

Girls .85 .56–1.28

High Boys 1.12 .84–1.49

Girls .91 .55–1.51

Disgust Low Boys .92 .71–1.19

Girls .90 .60–1.32

High Boys 1.18 .88–1.55

Girls 1.75 1.11–2.75

Fear Low Boys 1.03 .78–1.35

Girls .75 .51–1.11

High Boys 1.20 .92–1.59

Girls .78 .52–1.16

Sadness Low Boys 1.17 .90–1.54

Girls .74 .49–1.10

High Boys 1.26 .98–1.64

Girls .92 .62–1.35

(Continued )
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literature. Results showed a similar pattern in the recognition of the six basic emotions, with

higher mean accuracy in the recognition of happiness, anger and disgust, and lower perfor-

mances concerning surprise, sadness and fear. Moreover, the importance of considering differ-

ent emotion intensities [21, 23] was confirmed, in that, for four out of six emotions (i.e., anger,

disgust, sadness, and happiness), intensity influenced the recognition performance. Finally, as

expected, girls showed generally higher accuracy in recognizing emotions compared with boys

(e.g., [36]).

Concerning the main goal of this study, which dealt with the relation between the recogni-

tion of negative facial emotions and young adolescents’ behaviors during bullying episodes, an

interesting picture emerged. In general, one notable result concerned the recognition of emo-

tions as an ability that can be related with both moral (i.e., defending the victim) and immoral

(i.e., bullying others) behavior in the context of bullying dynamics. A prominent example is

represented by fear recognition, which was positively related with both higher levels of bully-

ing, among boys, and defending, among girls. We could hypothesize that recognizing fear may

help aggressive youth to identify vulnerable victims and make the aggressive behavior more

efficacious; at the same time, it could promote prosocial behavior, for example by alerting

bystanders that something wrong (and potentially dangerous) is happening and eliciting their

empathic responses towards victims.

A link with empathic skills could be also hypothesized analyzing sadness recognition in

girls, which was negatively related to bullying and positively with defending. It could be specu-

lated that detecting sadness in victims, even when not full-blown expressed, could elicit

empathic concern for them and make clear that what is happening is neither pleasant nor

desirable for the victims; this, in turn, could increase the likelihood of helping. Likewise, girls’

greater ability in recognizing disgust and low intensity anger could be positively associated

with defending behavior because it allows to better understand hostile bullies’ intentions.

Although we were not specifically interested in positive emotions, likely less crucial in bullying

dynamics, it should be noticed that among girls defending was also associated with higher rec-

ognition of surprise and happiness. Thus, we may hypothesize that defending behavior in girls

is connected with a general ability in recognizing facial emotions. Overall, these findings con-

firm the growing literature showing that defending behavior in bullying is more frequent

among girls and is associated with a pattern of social-emotional skills [15, 29].

Conversely, our expectation on the associations between difficulties in recognizing nega-

tive emotions and higher levels of passive bystanding was not confirmed. Indeed, the only

relevant result concerning passive bystanding behavior was a positive association with

Table 8. (Continued)

Happiness Low Boys 1.04 .77–1.41

Girls 1.20 .72–2.00

High Boys 1.70 .96–3.14

Girls .86 .35–2.08

Surprise Low Boys 1.22 .95–1.57

Girls 1.45 .98–2.13

High Boys 1.40 1.09–1.81

Girls 1.06 .71–1.55

nsubjects = 117, nobservations = 11232

BCI = Bayesian Credible Intervals. 95% BCIs that did not included 1 are reported in italics.

https://doi.org/10.1371/journal.pone.0188062.t008
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disgust recognition at high intensity among girls. This is another example of the idea that

emotion recognition is a “neutral ability” that does not necessarily represent a driving force

for moral and prosocial behavior.

Regarding victimization, consistent with Woods and colleagues’ study [12], our findings

overall confirmed that higher levels of victimization were associated with a general difficulty

in recognizing emotions. This result is not surprisingly and complements the large body of

research that has documented the social-cognitive, emotional, and interpersonal deficiencies

of frequently victimized youth (e.g., [26, 53–54]). However, the pattern of results with respect

to specific emotions that emerged from our analysis was not clear-cut and easy to interpret;

future studies should try to replicate the current findings and test more precise hypotheses

about victims’ impairment in recognition of specific emotions, also adopting experimental

(e.g., scenarios) and longitudinal designs.

This study has also some limitations. For example, the collected data were cross-sectional.

Although from a theoretical point of view emotion recognition abilities can be more easily

conceived as a precursor of a conduct rather than a consequence of behavior, the cross-sec-

tional design of this study did not allow us to drive conclusions about the direction of the

effects. Therefore, the model proposed in the present study will need to be retested with longi-

tudinal data. Second, our sample was small and restricted to young adolescents. Future studies

should replicate these results and test the association between emotion recognition skills and

students’ behaviors during bullying episodes in both younger children and older adolescents.

Despite these limitations, taken together, the findings of this study documented the signif-

icance of considering a basic skill, namely recognizing facial emotions, for understanding

different behaviors during bullying episodes. To date, this is the first study to offer a global

picture on the association between these two variables and it aims to represent a basis for

future studies. Indeed, several new research questions can arise from the current results. For

example, it would be interesting to investigate which individual and contextual variables

may mediate or moderate the relation between the individual’s ability of recognizing a spe-

cific emotion and his/her behavior and may, at the same time, help distinguish among differ-

ent behaviors. Moreover, future studies could explicitly investigate the relations between

emotion recognition and empathy as precursors of defending behavior; for example they

could test whether the hypothesis about a possible direct link between better recognition of

sadness and higher empathic concern is warranted. Furthermore, knowing which emotion

students identify when they fail in recognizing the correct one (that is, what kind of “error”

they do) may provide new insight on the relation between emotion recognition and students’

behavior.
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32. Latané B, Darley JM. The unresponsive bystander: Why doesn’t he help? New York, NY: Appleton-

Century-Crofts; 1970.

33. Nansel TR, Overpeck M, Pilla RS, Ruan WJ, Simons-Morton B, Scheidt P. Bullying behaviors among

US youth: Prevalence and association with psychosocial adjustment. J Am Med Assoc. 2001; 285:

2094–2100. https://doi.org/10.1001/jama.285.16.2094

34. Pozzoli T, Gini G. Active defending and passive bystanding behavior in bullying: The role of personal

characteristics and perceived peer pressure. J Abnorm Child Psycho. 2010; 38: 815–827. https://doi.

org/10.1007/s10802-010-9399-9 PMID: 20228996

35. Kret ME, De Gelder B. A review on sex differences in processing emotional signals. Neuropsycholo-

gia. 2012; 50: 1211–1221. https://doi.org/10.1016/j.neuropsychologia.2011.12.022 PMID:

22245006

36. McClure EB. A meta-analytic review of sex differences in facial expression processing and their devel-

opment in infants, children, and adolescents. Psychol Bull. 2000; 126: 424–453. https://doi.org/10.

1037/0033-2909.126.3.424 PMID: 10825784

37. Boyce W, Torsheim T, Currie C, Zambon A. The family affluence scale as a measure of national wealth:

Validation of an adolescent self-report measure. Soc Indic Res. 2006; 78: 473–487.

38. MIUR (2015). MIUR—Ufficio di statistica: Gli alunni stranieri nel sistema scolastico italiano. A.S. 2014/

2015. Roma, Italy

39. Pozzoli T, Gini G, Thornberg R. Bullying and defending behavior: The role of explicit and implicit

moral cognition. J Sch Psychol. 2016; 59: 67–81. https://doi.org/10.1016/j.jsp.2016.09.005 PMID:

27923442

40. Pozzoli T, Gini G, Thornberg R. Getting angry matters: Going beyond perspective taking and empathic

concern to understand bystanders’ behavior in bullying. J Adolesc. 2017; 61: 87–95. https://doi.org/10.

1016/j.adolescence.2017.09.011 PMID: 28972918

41. Gelman A, Carlin JB, Stern HS, Dunson DB, Vehtari A, Rubin D. Bayesian data analysis. Boca Raton,

FL: CRC Press; 2014.

42. McElreath R. Statistical rethinking: A Bayesian course with examples in R and Stan ( Vol. 122). CRC

Press; 2016.

Facial emotion recognition in bullying

PLOS ONE | https://doi.org/10.1371/journal.pone.0188062 November 13, 2017 22 / 23

https://doi.org/10.1068/p3131
http://www.ncbi.nlm.nih.gov/pubmed/11515959
https://doi.org/10.1111/jnp.12009
http://www.ncbi.nlm.nih.gov/pubmed/23409767
https://doi.org/10.1167/11.3.17
http://www.ncbi.nlm.nih.gov/pubmed/21427208
https://doi.org/10.2466/pms.104.2.589-598
http://www.ncbi.nlm.nih.gov/pubmed/17566449
https://doi.org/10.1080/02699939208411068
https://doi.org/10.1080/02699939208411068
https://doi.org/10.1111/j.1467-9507.2008.00516.x
https://doi.org/10.1111/j.1467-9507.2008.00516.x
https://doi.org/10.1002/ab.20153
https://doi.org/10.1348/026151099165384
https://doi.org/10.1080/15388220.2014.986675
https://doi.org/10.1080/15388220.2014.986675
https://doi.org/10.1037//0022-3514.37.10.1822
http://www.ncbi.nlm.nih.gov/pubmed/512838
https://doi.org/10.1001/jama.285.16.2094
https://doi.org/10.1007/s10802-010-9399-9
https://doi.org/10.1007/s10802-010-9399-9
http://www.ncbi.nlm.nih.gov/pubmed/20228996
https://doi.org/10.1016/j.neuropsychologia.2011.12.022
http://www.ncbi.nlm.nih.gov/pubmed/22245006
https://doi.org/10.1037/0033-2909.126.3.424
https://doi.org/10.1037/0033-2909.126.3.424
http://www.ncbi.nlm.nih.gov/pubmed/10825784
https://doi.org/10.1016/j.jsp.2016.09.005
http://www.ncbi.nlm.nih.gov/pubmed/27923442
https://doi.org/10.1016/j.adolescence.2017.09.011
https://doi.org/10.1016/j.adolescence.2017.09.011
http://www.ncbi.nlm.nih.gov/pubmed/28972918
https://doi.org/10.1371/journal.pone.0188062


43. Fawcett JM, Lawrence MA, Taylor TL. The representational consequences of intentional forgetting:

Impairments to both the probability and fidelity of long-term memory. J Exp Psychol Gen. 2016; 145:

56–81. https://doi.org/10.1037/xge0000128 PMID: 26709589

44. Van de Schoot R, Kaplan D, Denissen J, Asendorpf JB, Neyer FJ, Aken MA. A gentle introduction to

Bayesian analysis: Applications to developmental research. Child Dev. 2014; 85: 842–860. https://doi.

org/10.1111/cdev.12169 PMID: 24116396

45. Bolker BM, Brooks ME, Clark CJ, Geange SW, Poulsen JR, Stevens MHH, et al. Generalized linear

mixed models: a practical guide for ecology and evolution. Trends Ecol Evol. 2004; 24: 127–135.

https://doi.org/10.1016/j.tree.2008.10.008

46. Kruschke JK, Liddell TM. The Bayesian new statistics: Hypothesis testing, estimation, meta-analysis,

and planning from a Bayesian perspective. Psychonomic Bulletin & Review. 2017; early view online.

https://doi.org/10.3758/s13423-016-1221-4 PMID: 28176294

47. Hoffman MD, Gelman A. The No-U-Turn Sampler: adaptively setting path lengths in Hamiltonian Monte

Carlo. J Mach Learn Res. 2014; 15: 1593–1623.

48. Neal RM (2011). MCMC using Hamiltonian dynamics. In Brooks S, Gelman A, Jones G, Meng XL.

(Eds.), Handbook of Markov Chain Monte Carlo, Chapter 5, pp. 113–162. Boca Raton: Chapman and

Hall—CRC Press, 2011.

49. Stan Development Team. Stan Modeling Language User’s Guide and Reference Manual. Version

2.10.0, 2015.

50. R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical

Computing, Vienna, Austria. URL: https://www.R-project.org/; 2016.

51. Bürkner PC. brms: Bayesian Regression Models using Stan. R package version 0.10.0. 2016.

52. Raftery AE. Bayesian model selection in social research. Sociol Methodol. 1995; 25: 111–163. https://

doi.org/10.2307/271063

53. Fox CL, Boulton MJ. The social skills problems of victims of bullying: Self, peer and teacher perceptions.

Br J Educ Psychol. 2005; 75: 313–328. https://doi.org/10.1348/000709905X25517 PMID: 16033669

54. Mahady Wilton MM, Craig WM, Pepler DJ. Emotional regulation and display in classroom victims of bul-

lying: Characteristic expressions of affect, coping styles and relevant contextual factors. Soc Dev.

2000; 9: 226–245. https://doi.org/10.1111/1467-9507.00121

Facial emotion recognition in bullying

PLOS ONE | https://doi.org/10.1371/journal.pone.0188062 November 13, 2017 23 / 23

https://doi.org/10.1037/xge0000128
http://www.ncbi.nlm.nih.gov/pubmed/26709589
https://doi.org/10.1111/cdev.12169
https://doi.org/10.1111/cdev.12169
http://www.ncbi.nlm.nih.gov/pubmed/24116396
https://doi.org/10.1016/j.tree.2008.10.008
https://doi.org/10.3758/s13423-016-1221-4
http://www.ncbi.nlm.nih.gov/pubmed/28176294
https://www.R-project.org/
https://doi.org/10.2307/271063
https://doi.org/10.2307/271063
https://doi.org/10.1348/000709905X25517
http://www.ncbi.nlm.nih.gov/pubmed/16033669
https://doi.org/10.1111/1467-9507.00121
https://doi.org/10.1371/journal.pone.0188062

