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Abstract
This study aimed to assess whether callous-unemotional traits (CU) are associated with deficits in emotion recognition 
independent of externalizing behavior and whether such deficits can be explained by aberrant attention. As previous studies 
have produced inconsistent results, the current study included two different emotion recognition paradigms and assessed the 
potential influence of factors such as processing speed and attention. The study included N = 94 children (eight to 14 years) 
with an oversampling of children with conduct problems (CP) and varying levels of CU-traits. Independent of externalizing 
behavior, CU-traits were associated with slower recognition of angry, sad and fearful facial expressions but not with higher 
error rates. There was no evidence that the association between CU-traits and emotion processing could be explained by 
misguided attention. Our results implicate that in children with high levels of CU-traits emotion recognition deficits depend 
on deficits in processing speed.
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Introduction

Aside from body posture and hand gestures, facial expres-
sions are probably one of the most important aspects of non-
verbal communication. Properly decoding facial expressions 
is crucial in everyday situations and especially in potential 
conflict situations, as they can inform us about the emotions 
and feelings of other individuals. Deficits in recognizing 
negative emotions have been repeatedly linked to various 
problem behaviors of children with conduct disorder (CD) 
and oppositional defiant disorder (ODD) [1]. According to 
the DSM-5 [2], children with such conduct problems (CP) 
show externalizing problem behavior, including aggression, 

deceitfulness, violations of rules and social norms, argumen-
tative/defiant behavior, and vindictiveness. It is estimated 
that almost half of the individuals with CP exhibit high lev-
els of callous-unemotional traits (CU-traits) [3]. CU-traits 
are characterized by a lack of empathy, shallow affect, a lack 
of remorse or guilt, and indifference towards one’s perfor-
mance. High levels of CU-traits also occur in about two to 
five percent of otherwise healthy individuals [4]. High levels 
of CU-traits can also be observed in adults with psychopa-
thy, as they build the affective dimension of the construct of 
psychopathy [2]. Psychopathy has been linked to deficits in 
emotion recognition [1, 5]. It has been hypothesized that a 
failure to properly decode fear or sadness in others, disrupts 
the mechanism which normally inhibits violent behavior 
upon the detection of distress cues in others (violence inhi-
bition mechanism) [6, 7]. Interestingly, studies that investi-
gated the relationship between emotion recognition deficits, 
CP and CU-traits in children have produced mixed results 
[8–19]. It is yet unclear if emotion recognition deficits are 
linked to CP [8, 17, 20], CU-traits [12, 13], the interaction 
of CU-traits and CP [8, 9, 13], if they are not linked at all 
[10, 16], and if deficits are limited to specific emotions [9, 
20–23] or affect all negative emotions [5, 15].
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Factors Influencing Study Results

Various factors might explain the discrepancies among 
study results. First, one of these factors could be differ-
ences in the experimental paradigms. Studies vary in the 
stimulus presentation duration (from 0.5 s to unlimited 
viewing time), the stimulus type (static or dynamic) as 
well as the response type (button press or verbal response). 
Longer or even unlimited viewing times could lead to 
speed-accuracy-trade-offs, meaning that children can 
compensate for deficits in emotion recognition through 
longer processing times. The assumption that CU-traits 
might influence the processing time rather than the accu-
racy is in line with the finding that emotion processing 
deficits in adults with psychopathic traits are defined by 
a longer processing time rather than a general failure to 
recognize emotions [24]. As of now, there are only two 
studies that measured reaction times in addition to error 
rates when investigating emotion recognition in children 
with CP and CU-traits [9, 10]. One of these studies does 
indicate such a trade-off [9] as participants with CP com-
pared to typically developing (TD) participants showed a 
significantly lower number of errors for sadness and fear 
but significantly longer reaction times.

Second, different compositions of the study samples 
may affect the study outcome. For example, the majority of 
the studies with children with CP investigated the relation-
ship between CU-traits and emotion recognition deficits in 
boys [10, 12, 21–23]. Only one study had a purely female 
sample [9] and two studies a mixed-gender study sample 
[8, 13]. Interestingly, these were also the only studies that 
reported a better fear recognition in children with high 
levels of CU-traits instead of a deficit. Even though these 
studies do not provide any direct information regarding an 
interaction effect of gender and CU-traits, the contrasting 
results indicate that gender should be considered as an 
influencing factor. This is further supported by the find-
ing that females seem to be better in recognizing emotions 
compared to males in general [8].

Another aspect that differs among study samples, is 
their composition regarding CP diagnosis. Some studies 
only included children with CD [8] some studies included 
children with CD as well as ODD [9] and some children 
with subclinical levels of CP [21–23]. This and the hetero-
geneous nature of CP make it difficult to properly compare 
study results. Thus, instead of comparing children with 
and without CP, some studies opted for a dimensional 
approach and assessed the association between exter-
nalizing problem behavior and emotion recognition [15, 
21–23]. Most of these studies included community sam-
ples and thus children with low or subclinical levels of CP 
[21–23]. They showed that when controlling for the level 

of externalizing problem behavior, CU-traits themselves 
predicted sadness and fear recognition deficits. However, 
a recent study that included children with various exter-
nalizing disorders and assessed externalizing problem 
behavior dimensionally [15] showed that there is an asso-
ciation between CU-traits and emotion recognition defi-
cits for various emotions (sadness, fear, anger, disgust). 
This finding is in line with a meta-analysis, which showed 
that children with high levels of CU-traits show deficits 
in recognizing sadness, fear, and anger [5]. Thus, there is 
reason to assume that the association between CU-traits 
and emotion recognition deficits goes beyond sadness and 
fear but affects all negative emotions.

The Role of Attention

It is not only unclear whether externalizing behavior or 
CU-traits are associated with specific or general emotion 
recognition deficits, but also the cause of these deficits is 
unknown. One cause that recent research has focused on is 
an irregularity in the reactivity of the amygdala [25–27]. It 
has been hypothesized that similar to patients with amygdala 
lesions [28–30], emotion recognition deficits in individuals 
with CU-traits and CP might be due to aberrant attention. 
As of now, four studies in children provide evidence that 
CP, as well as CU-traits, might be related to a deficit in 
attending towards the eyes of emotional faces [8, 12, 21, 
22]. Dadds and colleagues [22] observed that high levels 
of CU-traits not only predicted deficits in fear recognition 
but also a lower number and duration of fixations on the 
eyes of fearful faces. In a previous study Dadds and col-
leagues [21] showed, that in a community sample of boys, 
CU-traits were negatively correlated with the accuracy in 
recognizing fearful facial expressions (r =  − 0.36). However, 
once the children were instructed to focus their attention on 
the eyes of the face, this association disappeared (r = 0.05) 
and reappeared when the children were instructed to look 
at the mouth (r =  − 0.24). The authors concluded that auto-
matic misdirected attention towards the mouth instead of 
the eyes, in other words, a decreased eye-preference, can 
explain the emotion recognition deficit. To date, these results 
could not be replicated [8, 12]. Furthermore, the authors did 
not directly test the association between eye-preference and 
emotion recognition accuracy. For their conclusion to hold, 
it needs to be shown that the eye-preference level substan-
tially mediates the relationship between CU-traits and fear 
recognition deficits.

To our knowledge, there are only two studies that directly 
investigated these associations in children with CP and CU-
traits [8, 12]. Neither of these studies reported a significant 
association between CU-traits and fear recognition. How-
ever, Billeci and colleagues [12] found that eye-preference 
levels significantly mediated the association between 
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CU-traits and sadness recognition deficits if they only ana-
lyzed children with CP, but not if they analyzed TD children. 
In contrast to these findings, Martin-Key et al. (2018) [8] 
reported that not CU-traits but CP were related to lower eye-
preference levels as well as to higher emotion recognition 
deficits for fearful and sad facial expressions. Even though 
they also found that eye-preference levels were a signifi-
cant predictor for the emotion recognition accuracy in their 
regression models, the degree to which eye-preference level 
explained the variance in emotion recognition accuracy was 
low (f2 < 0.05). The authors concluded that the predictive 
power of the level of attention towards the eyes is not suf-
ficient to explain the emotion recognition deficits in children 
with CP, and thus other mechanisms must be underlying 
this deficit.

The Present Study

In summary, the investigation of the relationship between CP 
or CU-traits with emotion recognition deficits has produced 
somewhat inconsistent results. Some of these inconsisten-
cies might be due to gender differences, CP diagnosis or 
differences in the applied experimental paradigms. Thus, 
in the current study, we conducted two different emotion 
recognition paradigms in boys and girls with various levels 
of CU-traits and externalizing problem behavior. To ensure 
sufficient variance in the level of CU-traits and externalizing 
behavior, our sample consisted of TD children as well as 
children with a CP diagnosis. In line with previous studies, 
we analyzed our data dimensionally [15, 21–23]. In the first 
paradigm, similar to the paradigm employed by Golan and 
colleagues [31], children had to recognize a target emotion 
among three different emotional expressions. To increase 
participants’ motivation to answer correctly, they received 
auditory feedback for wrong answers and could only proceed 
once they chose the correct stimulus. To investigate possi-
ble speed-accuracy-trade-offs, we collected reaction times 
as well as error rates. The second paradigm was similar to 
previously conducted paradigms in which the children had 
to categorize the emotion of a single facial expression and 
were instructed to answer as fast and as correctly as possible 
[11–13]. During the presentation of the stimuli in this para-
digm, we further collected eye-tracking data to investigate if 
eye-preference levels mediate the association between CU-
traits and emotion recognition deficits.

In line with the meta-analytic findings [5] indicating a 
unique relationship between CU-traits and deficits in recog-
nizing various emotions, we expected that higher levels of 
CU-traits would be associated with stronger negative emo-
tion recognition deficits independent of the level of exter-
nalizing behavior. However, as some findings also indicated 
that the combination of externalizing behavior and CU-traits 
might influence emotion recognition [8, 9, 13], we further 

explored the association between the interaction of CU-traits 
and externalizing behavior and emotion recognition. We 
expected that any observed associations between CU-traits 
and emotion recognition deficits would be mediated by the 
level of attention towards the eyes.

Methods

Participants

A priori power analyses with the Monte Carlo Power Analy-
sis for Indirect Effects [32] as well as g*Power 3.1.9.4 [33] 
were calculated. The analyses revealed that in order to test 
all our hypotheses with a power of at least 0.8 and medium 
effect sizes [5, 12], the study needed to include at least 130 
participants. Thus, a total of N = 132 children aged eight to 
fourteen years were initially recruited for this study. Thirty 
participants were excluded from the final data analysis as 
they did not meet inclusion criteria (see below), six partici-
pants were excluded due to incomplete data, and two due 
to uncooperative behavior. As our dimensional approach 
required sufficient variance in the level of externalizing 
behavior and CU-traits and to better compare our results to 
other studies including clinical samples, we included TD 
children as well as children with CP in our sample. Thus, 
the final sample of N = 94 participants consisted of 29 chil-
dren with ODD (22 male), one girl with CD and 65 typi-
cally developing children (TD) (35 male). The participants 
were recruited from outpatient clinics in Gießen (Germany), 
through advertisements in local newspapers, mainstream 
schools, sports clubs and via mail-shots. Inclusion criteria 
were: (a) no neurological or developmental disorder, (b) an 
IQ above 80 (c) no red-green color blindness, (d) diagnosis 
of CD or ODD for children with CP (according to DSM IV), 
(e) or no mental health problems for TD children. Of the 
94 participants, 57 were male (61%). The children were all 
Caucasian, had a mean age of 10.42 years (SD = 1.74) and a 
mean IQ of 105.59 (SD = 10.75).

One parent of each child (93% mothers) completed 
the Observer Rating Scale for Conduct Disorder (FBB-
SSV) [34] online [35] ( FBB-SSV total score: M = 73.32, 
SD = 4.52). If the FBB-SSV indicated CP or the child had an 
ODD or CD diagnosis and was referred to from a clinic, the 
parent completed the Kinder-DIPS [36] upon arrival at the 
university. CU-traits were also assessed through the online 
questionnaire, using the parent-version of the inventory of 
callous-unemotional traits (ICU) [37, 38]. ICU-total scores 
ranged from 17.33 to 32.95 (M = 22.49, SD = 8.94). Six chil-
dren with CP took medications on the day of the experiment 
(three children took methylphenidates, two atypical psychot-
ics, one hormones, see additional Table A1). 55% of the 
children with CP showed at least one comorbidity, ADHD 
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(29%) being the most common one (All comorbidities of 
the CP-sample are presented in the additional Table A2). 
The study was approved by the local ethics committee. All 
participants and their parents gave written informed consent. 
Each participant received a small monetary compensation 
after completion of the experiment.

Procedure

Upon arrival at the laboratory, the child first completed all 
computer tasks and then the IQ-test. For all computer tasks, 
the child was positioned in a 70 cm distance from a com-
puter screen (DELL P2414H, 23′’, 1920 × 1080 pixel). The 
stimuli of all tasks were presented with Neurobehavioral 
Systems presentation software [39]. The stimuli for both 
tasks were taken from the Radboud Faces Database which 
was validated on a group of 276 students [40]. The models 
used in this database were trained according to the Facial 
Action Coding System (FACS; [41]).

Measures

Semi‑structured Siagnostic Interview (Kinder‑DIPS)

The “Kinder-DIPS” was used to confirm CD or ODD diag-
nosis as well as comorbidities according to DSM IV crite-
ria [36]. The interview has sufficient interrater reliability 
(κ = 0.48–0.88, Yule’s-Y = 0.89–1.0) and was conducted by 
psychologists in training (at least Bachelor of Science level).

Strength and Difficulties Questionnaire (SDQ)

The strength and difficulties questionnaire (SDQ) [42, 43] 
was used to assess potential mental health issues for TD 
children. The questionnaire consists of 25 items rated on a 
three-point Likert scale (0 = not at all true, 3 = completely 
true) and assesses internalizing as well as externalizing 
problem behavior. The SDQ has sufficient internal consist-
ency (Cronbach’s alpha = 0.92). If the total problem score of 
the SDQ indicated abnormally high values (> 16), children 
were excluded from the analysis to decrease the influence of 
potential problem behaviors on our data.

Culture fair Intelligence Test (CFT‑20R)

Children’s general intelligence was assessed using the short 
version of the CFT-20R [13, 44]. The CFT-20R shows a high 
internal consistency (> 0.80) and satisfying validity [44]. 
The short version consists of 56 items of non-verbal visual 
puzzles which are divided into four subtests.

The Inventory of Callous and Unemotional Traits (ICU)

CU-traits were assessed using the parent-version of the 
inventory of callous-unemotional traits (ICU) [37, 38, 45]. 
The ICU consists of 24 items rated on a four-point Lik-
ert scale (0 = do not agree at all, 3 = strongly agree). The 
ICU shows satisfactory internal consistency (Cronbach’s 
alpha > 0.70) and validity [46].

Observer Rating Scale for Conduct Disorder (FBB‑SSV)

Externalizing behavior was assessed using the observer rat-
ing scale for conduct disorder (FBB-SSV) [34]. The FBB-
SSV consists of 25 items rated on a four-point Likert scale 
(0 = not at all true, 3 = completely true). The FBB-SSV 
shows an internal consistency of Cronbach’s alphas = 0.89 
for the entire sample, 0.90 for the ODD subscale, 0.71 for 
the CD subscale [34].

Emotion Recognition

To assess how much time children need to accurately recog-
nize an emotion, we conducted an emotion recognition task 
[31]. In this task, the children were asked to find the target 
emotion among three emotional faces (angry, sad, fearful). 
The task consisted of three different trial blocks of 36 trials 
each. At the beginning of each trial block, the children were 
given a different target emotion (angry, sad, fearful). After 
the presentation of a fixation cross (two seconds), the screen 
showed three photographs of the same face, depicting once 
a sad facial expression, a fearful facial expression, and an 
angry facial expression. The three stimuli were presented 
next to each other in a randomized order. The children were 
asked to choose the face that depicted the target emotion, as 
quickly as possible. To indicate their choice the children had 
to press one of three buttons. Each button corresponded to 
the position of the stimulus on the screen (e.g. if the target 
emotion was depicted by the stimulus on the left, the chil-
dren should press the button on the left). If they chose the 
correct picture, the task continued with the presentation of 
a fixation cross and the next trial. A short buzzing sound 
signaled to the children that they chose the wrong picture. 
In this case, they had to choose again until they made the 
correct decision. This was done to increase the children’s 
motivation to choose as fast and as correctly as possible.

All stimuli were presented in a random order within each 
trial block. The stimuli consisted of nine female and nine 
male Caucasian models. The reaction time, as well as the 
number of errors for each trial, were recorded.

To ensure that the children understood the task and did 
not generally differ in their reaction time, the emotion rec-
ognition task was preceded by a baseline task. This task 
was identical to the emotion recognition task but instead of 
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choosing a target emotion among three different emotional 
expressions, the children were asked to choose a target 
color (red, yellow or blue) among three colored smiley 
faces. The baseline task consisted of 18 trials.

Emotion Categorization

To assess how well children can identify emotions in oth-
ers’ facial expressions, we conducted an emotion catego-
rization task. The task consisted of two different blocks. 
In the first block, the children were presented with a single 
emotional facial expression and they had to choose which 
emotion (anger, fear, sadness), the face depicted. Each trial 
consisted of first, the presentation of a fixation cross (four 
seconds), then the presentation of the emotional face (two 
seconds), and finally, the instruction to decide which emo-
tion the face showed. The children indicated their choice 
by pressing one of three buttons, each button correspond-
ing to one of the three emotions. The children had as much 
time as they needed to make their decision, however, they 
were instructed to try to choose as correctly and as fast as 
possible. The stimuli consisted of five female faces and 
five male faces. Thus, the first block of the task consisted 
of 30 trials in total (3 emotions × 2 gender × 5 faces = 30).

The second block of the emotion categorization task 
was identical to the first block, however, this time only 
the upper (eye-condition) or lower halve (mouth-condi-
tion) of the face was visible. The second block of the task 
consisted of 60 trials in total (3 emotions × 2 gender × 5 
faces × 2 halves = 60). All stimuli were presented in ran-
dom order.

Eye‑Tracking

As a measure of the eye-preference level, children’s eye 
movements were tracked during the first block of the emo-
tion categorization task. Similar to Billeci and colleagues 
[12], we used a remote eye-tracker from SensoMotoric 
Instruments (RED 250 Eye-Tracker). Data were collected 
with a binocular sampling rate of 250 Hz. Before the task, 
each participant performed an initial tracker calibration in 
which participants sequentially fixated five target points on 
the screen. The calibration was repeated if the accuracy did 
not reach the set cut-off of 0.6.

Data Analysis

All statistical analyses were performed using SPSS version 
26 [47]. For the multiple regression analyses as well as the 
mediation analyses the PROCESS tool was used [48].

Emotion Recognition Data

Five participants had to be excluded from the data analysis 
due to continuous inattentiveness during the task and one 
participant due to technical difficulties. Thus, the data analy-
sis included 88 participants (28 CP, 60 TD). Before calcu-
lating the mean reaction time for each emotion (anger, fear, 
sadness), we removed individual trials in which an incorrect 
response was given (5.02% of all trials) as well as correct tri-
als with reaction times reflecting impulsiveness (< 250 ms) 
[49] or inattentiveness (> 4000 ms) (8.45% of all correct 
trials). To account for individual differences in the baseline 
reaction time, we baseline-corrected our data by subtracting 
the mean reaction time during the baseline task from the 
mean reaction time for each emotion. The error rate for each 
emotion was calculated as the sum of errors over all trials. 
For each trial maximally one error was counted, even if the 
participant chose incorrectly more than once within a sin-
gle trial. We employed several stepwise multiple regressions 
with the baseline-corrected reaction time or the error rates 
as the dependent variable. To investigate the unconditional 
influence of CU-traits and externalizing behavior (FBB-SSV 
total score), we included both variables as predictors in the 
first step of the regression. Gender and age were included 
as covariates, as previous findings indicated that these vari-
ables influence the processing of emotional faces [50] and as 
they significantly correlated with the reaction time and error 
rate. A previous Meta-analysis reported a positive correla-
tion between emotion recognition abilities and IQ (r = 0.19) 
[51]. However, in the current study, we did not include the 
IQ as a covariate, as it did not significantly correlate with the 
reaction times or error rates. The interaction of CU-traits and 
externalizing behavior was added as a predictor in a second 
step, to investigate the moderating effect of externalizing 
behavior on the relationship of CU-traits and the depend-
ent variable. As suggested by Hayes 2018 [48] we mean-
centered CU-traits and externalizing behavior to render the 
beta coefficients of both variables interpretable.

Emotion Categorization Data

As the emotion categorization task was added to the 
experiment at a later point, twelve children of the initial 
sample did not perform this task and four children had to 
be excluded from the data analysis due to technical dif-
ficulties. Thus, the data analysis included 78 participants 
(24 CP, 54 TD). Similar to the analysis of the emotion 
recognition data we conducted several stepwise multiple 
regressions with the number of mistakes as dependent var-
iable and CU-traits, externalizing behavior, age, gender 
and the interaction of CU-traits and externalizing behavior 
as predictors.
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Eye‑Tracking Data

Five children of the sample of the emotion categorization 
task were excluded from the data analysis due to low track-
ing ratios (< 50%). Thus, the data analysis included 73 par-
ticipants (24 CP, 49 TD). With the help of the SMI Begaze 
software (SensoMotoric Instruments) we created two areas 
of interest (AOI), one around the eyes and one around the 
mouth of the emotional faces, in line with previous studies 
[8, 12, 22]. Begaze was also used to derive two different 
measures to assess eye-preference scores for each emotion: 
(a) fixation count: the difference between the mean number 
of fixations on the eye AOI and the mean number of fixations 
on the mouth AOI, (b) total fixation duration: the differ-
ence between the mean time spent fixating the eye AOI and 
the mean time spent fixating the mouth AOI. To determine 
whether the eye-preference level mediates the association 
between CU-traits and emotion recognition, we calculated 
two simple mediations for each emotion (model 4 of the 
PROCESS tool [48]). One mediation with reaction times 
(emotion recognition task) as the outcome variable and one 
mediation with error rates (emotion categorization task) 
as the outcome variable. In all mediations, eye preference 
scores served as a mediator, CU-traits as a predictor, age, 
gender and externalizing behavior as covariates. In cases 
in which our previous analyses revealed a significant inter-
action effect of externalizing behavior and CU-traits, we 
included externalizing behavior as a moderator instead of 
a covariate (model 5 of the PROCESS tool [48]). Indirect 
effects were estimated using the bootstrapping technique 
with 5000 bootstrap samples.

Results

Emotion Recognition Data

To investigate if higher levels of CU-traits are associated 
with stronger negative emotion recognition deficits inde-
pendent of the level of externalizing behavior, we employed 
several stepwise multiple regressions with the baseline-
corrected reaction time or the error rates as the dependent 
variable. As can be seen in Table 1, the higher the children’s 
level of CU-traits was, the longer they took to choose angry 
(p = 0.002), fearful (p = 0.010) or sad facial expressions 
(p = 0.020), even if the influence of age, gender and exter-
nalizing behavior and the interaction of CU-traits and exter-
nalizing behavior was kept constant. For the emotion anger, 
we additionally observed a negative association between the 
interaction of CU-traits and externalizing behavior and the 
reaction time (p = 0.029). Additional simple slope analysis 
revealed that CU-traits only significantly predicted the reac-
tion time to find the angry facial expression if externalizing Ta
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behavior was low, (b = 25.547, 95% CI [10.371, 40.723], 
t = 3.349, p = 0.001) but not if externalizing behavior was 
high. CU-traits did not predict the reaction time in the base-
line task, thus we can exclude the possibility of principally 
slower reaction times for children with higher levels of 
CU-traits.

The error rates in the emotion recognition task were 
generally very low (fear: M = 1.614, SD = 3.368; anger: 
M = 1.477, SD = 1.729; sadness: M = 2.568, SD = 2.896). 
The multiple regression analyses provided no evidence that 
CU-traits or the interaction with externalizing behavior can 
predict the error rates in recognizing angry, fearful or sad 
facial expressions.

Emotion Categorization Data

Similar to the emotion recognition data, we employed sev-
eral stepwise multiple regressions with the error rate as 
the dependent variable. The multiple regression analyses 
revealed that the interaction of CU-traits and externaliz-
ing behavior significantly predicted the error rates in trials 
in which children had to identify angry facial expressions 
(Table 2). An additional simple slope analysis revealed that 
the higher the children’s level of CU-traits was, the more 
mistakes they made during anger trials but only if external-
izing behavior was high, (b = 5.513, 95% CI [0.025, 0.110], 
t = 3.185, p = 0.002), not if externalizing behavior was low. 
Furthermore, there was a trend (p = 0.052) for higher levels 
of CU-traits to predict a greater number of mistakes when 
children were asked to identify fear facial expressions. 
Higher levels of CU-traits also significantly predicted a 
generally greater number of errors (over all emotions) 
(p = 0.045).

To investigate differences between the stimuli with only 
the upper half of the face visible and stimuli with only the 
lower half visible, we calculated paired t tests. The tests 
showed that the children made significantly more mistakes 
in the eye-condition compared to the mouth condition 
for fear (eye-condition: M = 1.397, SD = 1.534; mouth-
condition: M = 2.89, SD = 1.904; p < 0.000) and anger 
(eye-condition: M = 1.712, SD = 1.504; mouth-condition: 
M = 3.836, SD = 1.922; p < 0.000) but less mistakes for sad-
ness (eye-condition: M = 4.74, SD = 2.007; mouth-condition: 
M = 2.986, SD = 1.897; p < 0.000). The results in Table 2 
show that the interaction of externalizing behavior and CU-
traits significantly predicted the number of mistakes in fear 
trials in which the children were only presented with the 
eyes of the emotional stimuli. As shown by the simple slope 
analysis, higher levels of CU-traits only predicted a greater 
number of mistakes if externalizing behavior was low, 
(b =  − 4.487, 95% CI [0.044, 0.188], t = 3.211, p = 0.002) 
but not if externalizing behavior was high. Furthermore, 
CU-traits and externalizing behavior both predicted error 

rates in anger trials (Table 2). Children with higher levels 
of CU-traits tended to make more mistakes. Children with 
higher levels of externalizing behavior, on the other hand, 
tended to make fewer mistakes if only the eyes of the anger 
stimuli were visible. If only the mouth of the stimuli was 
visible, the higher the children’s level of CU-traits the more 
they misidentified sad stimuli.

Eye‑Tracking Data

To investigate whether attention towards the eyes mediates 
the relationship between CU-traits and emotion recognition 
(reaction times) or categorization (error rates) a mediation 
model for each emotion was calculated. As the interaction 
of externalizing behavior and CU-traits significantly pre-
dicted the recognition and categorization of anger stimuli, 
externalizing behavior was included as a moderator in the 
mediation analyses of anger stimuli. For all other analyses, 
externalizing behavior was included as a covariate. None 
of the bootstrap confidence intervals for the indirect effects 
were entirely above zero. Thus, the mediation analyses pro-
vide no evidence that a preference to look at the eyes medi-
ated the association between CU-traits and the recognition 
or categorization of emotional faces. The two eye-preference 
measures did not significantly predict the reaction times or 
error rates. As can be seen in Table 3, the two eye-preference 
measures were only significantly associated with gender, 
indicating that girls showed higher eye-preference levels 
than boys.

Discussion

With the current study, we tested whether externalizing 
problem behavior and CU-traits are associated with emotion 
recognition deficits of negative emotional faces, using two 
different experimental paradigms. We further investigated 
whether found associations between emotion recognition 
deficits and CU-traits would be mediated by the level of 
attention participants pay to the eyes of an emotional stimu-
lus. One aim of the current study was to take different factors 
into account which might have influenced previous results. 
Thus, we used two different experimental paradigms. One 
paradigm, which included additional measures to increase 
participants’ motivation to answer correctly and allowed 
for an analysis of potential trade-off effects between pro-
cessing time and error rate and another paradigm without 
such measures. Furthermore, to account for differences in 
group composition, gender was added as a covariate in the 
analysis and we included children with and without CP but 
analyzed the data dimensionally to reduce the influence of 
the heterogeneity of CP and to account for subclinical levels 
of externalizing behavior.
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We observed different results in the two different emo-
tion recognition paradigms. As expected, CU-traits were 
associated with increased reaction times to fearful, sad and 
angry stimuli in the emotion recognition task. Thus, in line 
with previous studies [5, 15] CU-traits seem to be associated 
with emotion processing deficits for various emotions and 
not just sadness and fear. However, neither in the emotion 
recognition task nor the categorization task did CU-traits 
significantly predict the error rates. This could be due to 
various reasons.

First, the number of mistakes may have decreased in 
exchange for an increase in reaction time. This assumption 
would be in line with the findings indicating that the emotion 
recognition deficit in adults with psychopathic traits lies in a 
longer processing time rather than a general failure to recog-
nize emotions [24]. Trade-offs between processing time and 
error rates could also be one of the reasons for discrepancies 
among studies with differing stimulus presentation times. 
Dadds and colleagues [15] for example presented the stimuli 
for only 500 ms and, in keeping with our findings, reported 
a relationship between CU-traits and a recognition deficit 
for all negative emotions. The participants in the study by 
Woodworth and Waschbusch [13] on the other hand, had 
an unlimited viewing time, opening the possibility for a 
trade-off between processing time and error rates. Such a 
trade-off could, for example, explain their finding of better 
fear recognition in children with high levels of CU-traits. As 
suggested by Vitale and colleagues [24], the problem of a 
slower emotion processing, in contrast to a general problem 
in recognizing emotions in others, might be susceptible to 
treatment. Thus, emotion recognition training targeting the 
processing speed of children with high levels of CU-traits 
might help them to encompass their insufficiencies.

Second, the tasks might have been too easy to detect a 
relationship between CU-traits and error rates. Even though 
previous studies conducted similar tasks with children of the 
same age [11–13] and reported deficits in emotion recogni-
tion, the children of our study made very few mistakes in 
general. Nonetheless, they made considerably fewer mis-
takes in the recognition task compared to the categorization 
task (relative to trial number 36 vs. 10). Furthermore, there 
was a trend (p = 0.052) for an association between CU-traits 
and more mistakes in recognizing fear in the emotion cat-
egorization task. Thus, the emotion recognition task may 
have been easier than the emotion categorization task. In 
general, our results indicate that reaction times might be a 
more sensitive method to detect differences in the emotion 
recognition ability than error rates.

Even though there was no significant relationship between 
error rates and CU-traits in either of the emotion recogni-
tion tasks, we observed a significant relationship between 
the interaction of CU-traits and externalizing problems 
and the error rate for angry stimuli in the second paradigm, Ta
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indicating that CU-traits were associated with a higher error 
rate if the level of externalizing problems was high as well. 
This result is rather surprising as previous studies have only 
reported a relationship between having CP and a reduced 
ability to recognize angry facial expressions but no inter-
action effects [8, 14, 20]. Interestingly, there was also an 
interaction effect of CU-traits and externalizing problems 
in the first paradigm. However, this interaction indicated 
that CU-traits were associated with longer reaction times to 
angry stimuli if the level of externalizing behavior was low. 
Thus, this could indicate that children with high levels of 
CU-traits and high levels of externalizing behavior have a 
general problem with recognizing angry stimuli and children 
with high levels of CU-traits and low levels of externalizing 
behavior have deficits in their processing speed. Due to the 
differences among the paradigms, this assumption needs to 
be considered with caution. As previously mentioned, the 
paradigms might have differed regarding their level of dif-
ficulty. Also, the emotion recognition task may have been 
less influenced by motivational aspects. In contrast to the 
categorization task, wrong choices in the recognition task 
were followed by a buzzing sound and the task only con-
tinued once a correct choice was made. Thus, the children 
might have been more motivated to make the right choice 
in the emotion recognition task compared to the categoriza-
tion task.

In the second part of our study, we investigated whether 
the found associations between CU-traits and emotion rec-
ognition deficits are mediated by the participant’s level of 
attention on the eyes. Similar to Han and colleagues [26] 
and in line with the assumption that the eyes are the most 
salient feature for the recognition of fear [52], we observed 
a better recognition for fear and anger over the whole sam-
ple, when only the eyes were presented compared to trials 
in which only the mouth was visible. Given the finding that 
the eyes compared to the mouth receive the most attention in 
sad stimuli [53] our finding of a higher number of mistakes 
in the eye-compared to the mouth-condition for sad faces 
is surprising. In accordance with the finding that the rela-
tion between CU-traits and fear recognition deficits seems to 
decrease, once children are instructed to look at the eyes of 
fearful faces [21], we expected a similar result when we pre-
sented the children with only the eyes of the fearful stimuli. 
However, putting the eyes in the focus of attention did not 
decrease the relationship between CU-traits and a fear recog-
nition deficit. Consistent with this finding, our eye-tracking 
results do not provide any evidence suggesting that the eye-
preference level mediates the emotion recognition deficits in 
children with high levels of CU-traits. Comparable to Mar-
tin-Key and colleagues [8] we did not observe a significant 
association between eye-preference and CU-traits for either 
of the three emotions. Thus, the longer processing time in 
children with high levels of CU-traits does not seem to be 

associated with a lack of attention to the eyes of emotional 
faces. In line with Martin-Key et al. [8] and previous studies 
in healthy adults [54], we also observed significant gender 
effects with a higher eye-preference level for girls compared 
to boys. Interestingly, Billeci and colleagues [12] who only 
investigated boys, observed a significant mediation of eye-
preference on CU-traits and the recognition of sad facial 
expressions in their CP-group. Thus, it is possible that eye-
preference levels only contribute to the emotion recognition 
deficits in boys with high levels of CU-traits and CP but not 
in girls. As of yet, all the studies that investigated the rela-
tionship of CU-traits, emotion recognition and attention to 
the eyes used a cross-sectional study design [8, 12, 21]. Even 
though, Dadds and colleagues [21] established the causal 
relationship of attention to the eyes and emotion recognition 
deficits by showing that emotion recognition deficits can 
be reduced through instructing the children to look at the 
eyes of an emotional facial expression, the causal relation-
ship between CU-traits and attention to the eyes remains 
unclear. As causal inferences in mediation analysis can only 
be withdrawn if the temporal ordering of the variables in 
a mediation model is correct [48, 55], longitudinal studies 
would be needed to establish whether CU-traits are a result 
of or a cause of aberrant attention to the eyes.

Strengths and Limitations

The present study is the first study to investigate emotion 
recognition deficits using two different paradigms and one 
of few studies to directly investigate the influence of eye-
preference levels on the relationship between CU-traits and 
emotion recognition deficits in a mixed study sample. Thus, 
our study not only replicates and extends previous results 
on the relationship between CU-traits, externalizing prob-
lem behavior, emotion recognition, and attention but further 
delivers valuable information about different aspects that 
influence the results of emotion recognition tasks, which 
might explain discrepancies among previous study results.

Including the measurement of reaction times in our emo-
tion recognition task allowed us to ensure appropriate task 
performance and reduce the influence of impulsive or inat-
tentive behavior. We believe that the assessment of reaction 
times, the buzzing sound signaling a wrong choice, as well 
as the trial repetition until the correct choice was made con-
tributed to an increased willingness to properly participate 
in the task and thus led to a reduction of the influence of 
motivational aspects.

Aside from these strengths, several limitations need to 
be mentioned. Six participants with CP took medication on 
the day of the experiment, however, we did not have suf-
ficient power to compare performance among children with 
and without medication. Thus, we do not know in how far 
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medication might have influenced children’s performance. 
Additionally, we cannot tell whether our attempts to increase 
the children’s motivation to follow task instructions in the 
emotion recognition task was successful, as we did not have 
an objective measure of the level of motivation. However, 
in light of the fact that children with externalizing problems 
have problems with motivation [9, 56, 57] and as indiffer-
ence to one’s performance is a symptom characterizing CU-
traits, future studies should consider the influence the moti-
vation to follow task instructions has on the study results.

To properly assess eye-movements, we had to use a fixed 
stimulus presentation time in the emotion categorization 
task, which is why we could not assess reaction times in 
this paradigm. The inclusion of the measurement of reac-
tion times in this paradigm would have been important to 
support our findings of the emotion recognition task indi-
cating that CU-traits are associated with longer processing 
times rather than deficits in recognizing emotions. Before 
each trial of the categorization task, we presented a fixation 
cross to refocus the attention of the participants on the center 
of the screen. This fixation cross was positioned slightly 
closer to the mouth AOI than the eye AOI, hence, we had 
to exclude the first fixation from our analysis and were not 
able to investigate potential differences in the first initial 
shift. According to a study in patients with amygdala lesion 
[30], emotion recognition deficits may be related to a lack 
of the first automatic shift towards the eyes instead of dif-
ferences in the total fixation duration on the eyes. However, 
others who investigated CU-traits and initial eye-preference 
did not observe meaningful relations [8]. Furthermore, due 
to the use of static facial expressions, our study has a rather 
low ecological validity. Future studies would benefit from 
including dynamic facial expressions in the investigation of 
a potential failure to attend to the eyes.

As indicated by a priori power analyses, the mediation 
analysis would have required at least 130 participants. As 
the final analysis only included 73 participants, we cannot 
exclude the possibility that we were unable to observe a 
significant mediation effect of attention on the association 
between CU-traits and emotion recognition due to insuffi-
cient power. However, post hoc power analyses showed that 
with a medium effect size settled at  f2 = 0.15 [5] and p = 0.05 
we achieved a power > 0.8 for all our other analyses.

Summary

The results of the current study provide evidence that under 
consideration of the influence of gender, age and the level of 
externalizing problem behavior, high levels of CU-traits in 
children are associated with slower but not less accurate per-
formance in recognizing sad, angry and fearful facial expres-
sions. There were no indications that the longer processing 

time might be due to a lack of attention towards the eyes of 
emotional facial expressions. However, we found that girls 
compared to boys tended to spend more time looking at the 
eyes of emotional faces. Thus, future studies should investi-
gate the possibility that eye-preference levels only contribute 
to the emotion recognition deficits in boys with high levels 
of CU-traits but not in girls.
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