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Abstract

Objective—Callous-unemotional (CU) traits are characterized by a lack of guilt and empathy, 

and low responsiveness to distress and fear in others. Children with CU traits are at-risk for 

engaging in early and persistent conduct problems. Individuals showing CU traits have been 

shown to have reduced neural responses to others’ distress (e.g., fear). However, the neural 

components of distress responses in children with CU traits have not been investigated in early 

childhood. In the current study, we examined neural responses that underlie the processing of 

emotionally-valenced vocal stimuli using the event-related potential technique in a group of 

preschoolers.

Method—Participants between 2 and 5 years old took part in an auditory oddball task containing 

English-based pseudowords spoken with either a fearful, happy, or a neutral prosody while 

electroencephalography data were collected. The mismatch negativity (MMN) component, an 

index of the automatic detection of deviant stimuli within a series of stimuli, was examined in 

association with two dimensions of CU traits (i.e., callousness-uncaring and unemotional 

dimensions) reported by primary caregivers.

Results—Findings suggest that the callousness-uncaring dimension of CU traits in early 

childhood is associated with reduced responses to fearful vocal stimuli.

Conclusions—Reduced neural responses to vocal fear could be a biomarker for callous-

uncaring traits in early childhood. These findings are relevant for clinicians and researchers 

attempting to identify risk factors for early callous-uncaring traits.
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Callous-unemotional (CU) traits are typically characterized by deficits in guilt and empathy 

and low responsiveness to distress and fear in others. Children with CU traits are at 

increased risk for developing early-onset, persistent and severe conduct problems (e.g., 

aggressive behavior; Fontaine et al., 2011; Frick, Ray, Thornton, & Kahn, 2014). In addition, 

the presence of CU traits heightens risk for the development of psychopathy in adulthood, a 

disorder that encompasses a constellation of affective (e.g., callousness), interpersonal (e.g., 

manipulativeness), and behavioral (e.g., impulsiveness) features (Lynam et al., 2007). The 

evidence for a distinctive group of children displaying CU traits within the wider group of 

children with conduct problems led to the inclusion in the Diagnostic and Statistical Manual 
of Mental Disorders – 5th edition of CU traits as a specifier of Conduct Disorder, labeled 

“limited prosocial emotions” (American Psychiatric Association, 2013).

To date, most of the developmental research on CU traits has focused on school-age children 

and adolescents. Recently, there has been a growing interest in studying CU traits in early 

childhood (Hyde et al., 2013; Kimonis et al., 2016), notably for its value in helping to 

identify children at risk for persistent and severe behavior problems and for prevention 

efforts (Frick, Ray, Thornton, & Kahn, 2014). Recent studies have identified CU traits in 

children as young as two (Hyde et al., 2013), and meta-analytic findings indicate that there is 

a large, positive association between CU traits and conduct problems in early childhood 

(Longman, Hawes, & Kohlhoff, 2015). These findings suggest that CU traits in very young 

children are a meaningful risk factor for concurrent and future behavior problems.

Emotion Processing and CU Traits

Research suggests that difficulty identifying, processing, and responding to negative 

emotional stimuli is a core feature of CU traits (Frick et al., 2014). Theories about the 

developmental origins of CU traits suggest that difficulties processing and responding to 

negative emotional stimuli, often encompassed within descriptions of temperamental 

fearlessness (Frick & Viding, 2009), may be one possible mechanism in the development of 

CU traits (Blair, 2005; Frick & Morris, 2004; van Goozen, 2015; Waller et al., 2016). Blair 

(2013) suggests that children who do not readily detect distress in others (e.g., fear) are less 

likely to experience the aversion and subsequent withdrawal that are typically experienced 

when committing behaviors that cause distress to others. Without experiencing this aversion, 

children may have low internal motivation to discontinue their behaviors that cause distress 

to others. Because this aversion is thought of as a possible precursor to empathy (Kochanska, 

1993; 1997), this could ultimately lead to disrupted conscience development in childhood. 

Recent research confirms that temperamental fearlessness in infancy is positively associated 

with parent-reported CU traits in toddlerhood, suggesting that, fearlessness is a precursor to 

CU traits in early childhood (Waller et al., 2016). Given this developmental model, 

examining early emotion processing capacities may provide crucial information about the 

mechanisms through which CU traits develop in early childhood.

Much of the research on emotion processing in children and adults displaying CU traits has 

focused on the perception of facial emotional stimuli. Recent meta-analytic evidence 

identified that adults with CU/psychopathic traits show deficits in recognizing fearful, sad, 

and surprised facial expressions, as compared to control participants (Marsh & Blair, 2008). 
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Findings also suggest that individuals with CU traits show diminished neural activation in 

response to distressed faces when compared to controls (Jones, Laurens, Herba, Barker, & 

Viding, 2009; Marsh et al., 2008). Substantially less research has focused on auditory stimuli 

(e.g., processing and identifying linguistic stimuli spoken with varying emotional prosodies). 

However, it is important to determine whether difficulties processing distressed stimuli in 

early childhood occur across sensory modalities, or if such difficulties are specific to 

visually presented emotional stimuli. Identifying what sensory modalities are affected by 

emotion processing difficulties may provide important information about the neural 

mechanisms of the emotion processing patterns that characterize children and adults with 

CU traits. The handful of studies that have examined auditory stimuli suggest that 

individuals displaying CU traits may have deficits in recognizing the linguistic stimuli 

spoken in a fearful tone (Blair et al., 2002; Dawel et al., 2012; Stevens et al., 2001). In 

addition, the studies that have examined auditory processing were mainly based on 

adolescents and adults – to our knowledge, there has been no study published with a sample 

of preschoolers.

Little is known about emotion recognition processing difficulties in children with CU traits 

in early childhood. Given that early childhood is a sensitive period for empathy development 

(Eisenberg, Spinrad, & Sadovsky, 2006), emotion processing difficulties present at this age 

may be particularly detrimental. Recent findings suggest that difficulties in emotion 

recognition are present in preschool-age children with CU traits (Kimonis et al., 2016). 

These difficulties may be particularly associated with the recognition of fear, as preschoolers 

with low concern for others (e.g., act like he/she did not care when someone felt bad or sad) 

were found to have deficits in recognizing fearful facial stimuli (White et al., 2016).

Neural Correlates of Vocal Emotion Processing and CU Traits

Despite the progress in studying CU traits in early childhood, the neural aspects of emotion 

processing in young children, including the processing of vocal emotions and how they 

relate to CU traits are not well understood. Prior research examining the neural correlates of 

vocal emotion processing has notably focused on the mismatch negativity (MMN), an event-

related potential (ERP) component thought to be sensitive to changes in emotional 

expression (Schirmer & Escoffier, 2010; Schirmer, Striano, & Friederici, 2005). The MMN 

is a negative-going component that typically occurs from 150 – 250 milliseconds after the 

onset of an auditory stimulus, with longer latencies observed in childhood. The MMN is 

typically elicited during auditory oddball tasks, in which one stimulus (the frequent 

stimulus) is presented more frequently than an infrequent one (the oddball; Näätänen, 

Paavilainen, Rinne, & Alho, 2007). The novelty of the oddball stimulus should elicit 

increased attentional processing that is not elicited by the frequent stimulus. To reflect these 

processing differences, the MMN is computed as a difference waveform in which the 

waveform in the frequent condition is subtracted from the waveform in the oddball 

condition. As such, a larger, more negative MMN is indicative of increased processing of the 

oddball stimulus relative to the frequent stimulus, and is thought to reflect the enhanced 

processing of the differences between these stimuli.
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The MMN component has been utilized to examine the auditory emotion processing 

capacities of a sample of adolescents with severe conduct problems. Hung et al. (2013) 

reported that the impulsive-antisocial features of psychopathy (which are often referred to as 

factor 2 of psychopathy) were associated with an enhanced neural processing to fearful 

vocal stimuli, whereas the affective-interpersonal features of psychopathy (which include 

CU traits and are often referred to as factor 1 of psychopathy) were not associated with a 

reduced neural processing to fearful vocal stimuli. This latter finding contradicted past 

research showing a reduced neural processing of facial fearful emotions in youth with CU 

traits (e.g., Jones et al., 2009; Marsh et al., 2008). However, Hung et al. (2013) did not 

specifically assess CU traits in their sample, therefore additional research is warranted. To 

our knowledge, researchers have yet to examine the association between CU traits and the 

neural correlates of auditory emotion processing in early childhood. Exploring this 

association has the potential to contribute to our understanding of the etiology of CU traits.

Current study

In the current study, we used the ERP technique to assess neurophysiological activity during 

an emotionally-valenced passive auditory oddball task in a sample of preschoolers 

displaying varying levels of CU traits. The passive oddball task contained vocal stimuli, 

English-based pseudowords, spoken in either a fearful, happy, or neutral prosody. The fear 

condition, which included stimuli spoken with a fearful tone (target) or a neutral tone 

(frequent), was the primary condition of interest given past studies that suggest that emotion 

processing difficulties are more specific to fear/distress emotions in individuals with CU 

traits. The happy condition, which included stimuli spoken with a happy tone (target) or a 

neutral tone (frequent), was included as a control condition, as difficulties processing 

positive emotions have not been widely noted in the CU literature (Marsh & Blair, 2008). 

Within the emotion processing task, the MMN was used to investigate the neural correlates 

of vocal emotion processing. Based on previous research, we expected that CU traits would 

be associated with a pattern of neurophysiological activity indicative of atypical processing 

of vocal fear (as measured by the morphology of the MMN component). In particular, we 

expected that CU traits would be associated with a reduced processing of vocal fear stimuli. 

However, we expected this effect to be specific to the fear stimuli, and did not expect to see a 

similar effect in the happy condition.

Method

Participants

Analyses were conducted on 27 participants, taken from an initial pool of 44 children (23 

female) between the age of 2 and 5 years whose primary caregivers completed a screening 

measure assessing the child’s eligibility to participate in the laboratory portion of the study. 

Children were not eligible to participate if they 1) spoke a language other than English 

(because the auditory task was based on the pronunciation rules of English), 2) had 

significant developmental delays, or 3) had ever been referred to social services, as this may 

indicate maltreatment or severe family adversity, suggesting the possibility that 

environmental adversity may have contributed to the development of conduct problems and 
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CU traits. For instance, children exposed to environmental adversity may show key 

differences in the mechanisms and expressions of their CU traits as well as in their neural 

responses to emotional stimuli. These children may show increased neural activation during 

threatening situations, instead of decreased activation as expected in children with CU traits 

not exposed to adverse environmental experiences (Fanti, Demetriou, & Kimonis, 2013; 

Khan et al., 2013; McCrory, De Brito, & Viding, 2011). Primary caregivers of eligible 

children were then contacted to schedule a follow-up laboratory visit in which the child 

participated in two tasks while electroencephalography (EEG) data were collected. To 

include children displaying a broad range of CU traits, a convenience sample of children was 

recruited from both a community setting (n = 39) and a University-based clinic for children 

with disruptive behavior disorders (n = 5).

Of those who completed the initial screening measures (n = 44), 32 children (18 female, M 
age = 46.85 months, SD = 9.9 months) participated in the EEG portion of the study. The 12 

children who did not complete the lab portion of the experiment were excluded because 1) 

they met one of the exclusion criteria (n = 3), 2) caregivers were no longer interested in 

participating (n = 7), or 3) caregivers were interested in participating, but were unable to 

schedule a lab visit (n = 2). The children who were and were not included in the final sample 

did not differ significantly from one another in terms of CU traits, conduct problems, or 

demographic variables. Five of these children were unable to be included in the final sample 

because their EEG data contained excessive movement artifacts. For the final sample with 

usable EEG data included in analysis (n = 27, 14 female), the family’s socioeconomic status, 

as calculated using the Hollingshead Four Factor Index (Hollingshead, 1975), ranged from 

20 to 66 (M = 49.80, SD = 13.86). The children’s ethnicity, as identified by primary 

caregivers, was 73% Caucasian, 21% Mixed Race, 3% Black, and 3% other. The children’s 

verbal abilities, as measured by a standardized measure of receptive vocabulary (Peabody 

Picture Vocabulary Test, Fourth Edition; PPVT-4; Dunn & Dunn, 2007), were within the 

normal range for preschool-age children (standardized score: M = 113.88, SD = 12.04, range 

= 89–131). According to primary caregiver report, no child had visual or hearing 

impairments.

Procedures

After completing the screening measure, the child and his or her primary caregiver 

participated in a laboratory visit in which EEG data were collected. During the lab visit, the 

children participated in a passive auditory oddball task and an emotional face-viewing 

paradigm. The current report focuses exclusively on results from the auditory oddball 

paradigm. After the EEG tasks, the children completed the PPVT-4. During the visit, the 

child’s primary caregiver completed a battery of questionnaires, including measures of child 

behavior problems. The current study complied with all the ethical standards of the 

American Psychological Association, and the institutional review board at Indiana 

University approved all procedures. All families received monetary compensation and a 

small toy for the child to thank them for their participation.
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Measures

ERP measures of vocal emotions—A passive auditory oddball task served as an index 

of the child’s capacity to process emotional vocal affect. Due to the variability in behavioral 

response capacities of young children, we opted for a passive paradigm in order to retain as 

many trials as possible. During this task, which lasted for approximately 6 minutes, each 

child was instructed to sit as still as possible and watch a silent video of an aquarium. While 

the child watched the video, English-based disyllabic pseudowords spoken with either a 

fearful, happy, or neutral prosody by a female speaker recruited from a university theater 

department were played at 75 decibels from an 8-ohm speaker located one meter above the 

child’s head. The stimuli, selected from a larger corpus of vocal emotions (Darcy, Fontaine, 

Cepeda, & Krueger, under review), consisted of four pseudowords spoken with a fearful and 

a neutral prosody and four pseudowords spoken with a happy and a neutral prosody (the 

control condition). Emotion accuracy of the pseudowords was verified by a sample of 30 

listeners (100% native English speakers; 83% female; M age = 22.80, SD = 6.02). Duration 

and peak intensity were similar across all stimuli. The task was divided into two blocks, one 

block in which fearful stimuli and neutral stimuli were played (the experimental condition of 

interest), and another block in which happy stimuli and neutral stimuli were played (the 

control condition). Both the fearful and happy stimuli were presented infrequently (24 times 

per block, in which each emotional stimulus was repeated 6 times) and the neutral stimuli 

were presented frequently (56 times per block, in which each neutral stimulus was repeated 

14 times), amounting to 160 trials in total. Each pseudoword stimulus lasted for 

approximately 600 milliseconds. Each trial had a duration of 1500 milliseconds, and trials 

were presented continuously. During the task, a research assistant sat with the child to 

redirect the child if he or she was moving or not attending to the aquarium video. Block 

order alternated across participants, and resulting ERP waveforms were time locked to the 

presentation of either the fear, neutral (fear baseline), happy, or neutral (happy baseline) 

stimuli.

CU traits—The primary caregivers completed the Inventory of Callous-Unemotional Traits 

(ICU) preschool-version, a widely used measure of CU traits (Frick, 2004). The items of the 

ICU were assessed using a four-point scale ranging from not at all true (0) to definitely true 
(3). We used the two-factor structure proposed by Henry et al. (2016): (1) callousness-

uncaring dimension (17 items, e.g., “seems very cold and uncaring), and (2) unemotional 

dimension (5 items, e.g., “does not show his/her emotions to others”). Cronbach α values for 

the callousness-uncaring and the unemotional dimensions were .90 and .78, respectively. We 

also examined a higher order factor that included all of the items on the ICU – referred to as 

the ICU total score (Kimonis et al., 2008). The Cronbach’s α value for the ICU total score 

was .89.

Control variables—Conduct problems were assessed using the externalizing problems 

scale (24 items, e.g., “hits others”) of the Child Behavior Checklist for ages 1 ½ to 5 (CBCL; 

Achenbach & Rescorla, 2000), a widely used instrument of behavior problems in early 

childhood. Caregivers indicated if each behavior problem was not true (0), somewhat or 
sometimes true (1), or very or often true (2). One item included in the externalizing 

problems scale, “doesn’t seem to feel guilty after misbehaving”, conceptually overlaps with 
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two ICU items, “feels bad or guilty when he/she has done something wrong” (reverse 

scored) and “shows no remorse when he/she has done something wrong”. To avoid this 

overlap, this CBCL item was not included in our conduct problems index. The Cronbach’s α 
value for the conduct problems scale was .96. Child sex and age in months, variables shown 

to be associated with emotion processing capacities (Herba & Phillips, 2004), were also 

included as control variables in analysis.

Recordings and data processing

Netstation Acquisition Software 4.4.2 (Electrical Geodesic, Inc., Eugene, OR) was used to 

collect and process the continuous EEG data recorded during the oddball task. Data were 

collected using a 128-electrode Hydrocel Geodesic Sensor Net set at a sampling rate of 250 

Hz. Throughout the recording session, all electrode impedances were adjusted to be at or 

below 50 kΩ. After collection, the continuous waveforms were band-pass filtered from 0.3 to 

30 Hz, and then segmented into 1200 milliseconds epochs beginning 200 milliseconds prior 

to the presentation of each stimulus. Each epoch was manually inspected for artifacts, and 

then automatically examined for artifacts. Automatic artifact rejection included the 

identification and removal of channels that contained a voltage shift greater than 150 μV 

during a given segment of length 80 milliseconds and the removal of epochs that contained 

20 or more bad channels. For a child’s ERP data to be included in analysis, the child had to 

have at least 9 artifact-free trials in each stimulus condition. Of the 32 children who 

participated in the auditory oddball task, 27 children met the criterion and were able to be 

included in the final sample. There were no apparent significant differences between 

children who did and did not provide usable EEG data on any of the variables examined in 

the analysis, suggesting that data were missing at random or completely at random. The 

average number of trials retained in each condition was 18.59 trials in the Happy condition 

(SD = 3.35), 42.15 trials in the Happy baseline condition (SD = 7.46), 19.41 trials in the 

Fear condition (SD = 3.59), and 43.63 trials in the Fear baseline condition (SD = 7.22). Each 

individual’s epoched data were then re-referenced to their average reference (the average of 

all scalp electrodes), and baseline corrected by subtracting the average activity from the 

epoch’s 200 milliseconds baseline.

After processing, the primary components of the ERP waveform were statistically 

decomposed using a sequential temporospatial principal components analysis (PCA), which 

objectively and empirically determines the regions of electrodes and time frames that 

parsimoniously account for the majority of the variance in the waveforms (corresponding to 

ERP components; Dien & Frishkoff, 2005). Sequential temporospatial PCA is more likely to 

isolate the underlying neural signal when compared to examining individual electrodes 

(Dien & Frishkoff, 2005), and this technique is especially useful when analyzing data from 

young children that are marred with movement artifacts (Dien, 2012). Sequential 

temporospatial PCA was conducted using ERP PCA toolkit (Dien, 2010). The initial 

temporal PCA identified 15 temporal factors accounting for 95% of the variance, and the 

temporospatial PCA identified 6 temporospatial factors accounting for 83% of the variance 

in the entire waveform. The temporospatial factor corresponding to the MMN was selected 

based on a priori expectations about the latency and topography of the component. This 

factor peaked from 300 – 400 milliseconds post-stimulus, and included a frontocentral 
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positivity with a corresponding posterior negativity. The MMN difference waveform was 

computed by subtracting the amplitude in the baseline (neutral) condition from the 

corresponding amplitude in the emotion condition. Although the MMN is typically observed 

to be a frontocentral negativity in adults, this may not be the case for children. In early 

childhood, evidence suggests that the MMN appears as a frontocentral positivity with a 

corresponding posterior negativity, especially if the differences between stimuli are subtle 

(Maurer, Bucher, Brem, & Brandeis, 2003). Additionally, Maurer et al. (2003) determined 

that similar neural generators in the superior temporal plane underlie both the frontocentral 

MMN negativity observed in adults and the frontocentral MMN positivity observed in young 

children. These findings suggest that the frontocentral positive MMN, and its corresponding 

posterior negativity, that were present in the current study likely reflect activation in the 

same neural generators as the traditional frontocentral negative MMN component observed 

in adults (see the Results section).

Data analysis

The analyses proceeded in two steps. First, we examined the association between CU traits 

(examining the callous-uncaring and unemotional dimensions separately, as well as the ICU 

total score) and the MMN difference waveform amplitude in both the fear and happy 

conditions using Pearson correlations. Next, we used multiple regression to examine any 

significant associations between CU traits and the amplitude of the MMN waveform while 

controlling for covariates (i.e., conduct problems, age in months, and sex) to rule out the 

possibility that these variables accounted for any observed associations. All models were 

fitted using the R statistical software package (R Core Team, 2012).

Results

Grand-averaged waveform

The temporospatial factor representing the MMN consisted of a frontocentral positivity with 

a corresponding dipole of a posterior negativity. Because the posterior negativity was larger 

than the frontocentral positivity, thereby driving the factor, the values from the negative, 

posterior portion of the factor were used in analysis (Dien, 2012; results from the 

frontocentral positivity are available upon request). See Figure 1 for the grand averaged 

waveform in each condition across the electrode cluster associated with the chosen 

temporospatial factor. The mean amplitude of the MMN difference waveform in the fear 

condition was more negative than the MMN difference waveform in the happy condition, 

suggesting that the fear tones were perceived to differ more substantially from the neutral 

condition than the happy condition. Descriptive values for all the analyzed variables are 

provided in Table 1.

Fear MMN Amplitudes

Correlations between the Fear MMN amplitudes and CU traits are presented in Table 2. 

There were significant associations between callous-uncaring traits and the Fear MMN (r = 

0.56, p < .01) and between the ICU total score and the Fear MMN (r = 0.56, p < .01). More 

positive Fear MMN amplitudes, indicating a smaller difference between the child’s neural 

response to the fear stimuli (oddball) and to the neutral stimuli (frequent), were associated 
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with higher levels of callous-uncaring traits and overall higher scores on the ICU. This 

finding suggests that children with higher levels of callous-uncaring traits were less likely to 

differentiate between pseudowords spoken in a fearful tone and those spoken in a neutral 

tone than children with lower levels of callous-uncaring traits. However, because much of 

the variance in the ICU total score was attributable to variance in the items that loaded onto 

the callousness-uncaring factor, further models focused specifically on the callousness-

uncaring subscale. Additionally, because there was a small, non-significant association 

between the unemotional subscale and Fear MMN amplitudes (r = 0.17, p < .10), the 

unemotional subscale was not examined in further models.

Control variables—Using multiple regression, we examined whether the significant 

association between callous-uncaring traits and the Fear MMN held after including conduct 

problems (Part A) as well as child age and sex (Part B; see Table 3). When the child’s 

conduct problems score was included as a covariate, the association between callous-

uncaring traits and the Fear MMN became slightly stonger (see Figure 2). In addition, the 

association between conduct problems and the Fear MMN became stronger when 

accounting for CU traits. Findings suggest that children with high levels of conduct 

problems showed larger (more negative) Fear MMN amplitudes (although this correlation 

did not surpass the traditional threshold for statistical significance; β = −0.33, p = .08; see 

Figure 2). The inclusion of child age and sex in the model did not change the overall pattern 

of associations between callous-uncaring traits and the Fear MMN (see Table 3, Part B).

Happy MMN Amplitudes

The happy condition was included as a control condition, so we did not anticipate finding an 

association between MMN amplitudes in the happy condition and CU traits. Contrary to 

expectations, there was a non-significant but trending association between the Happy MMN 

amplitudes and callous-uncaring traits (r = −0.38, p = .054), such that higher levels of 

callous-uncaring traits were associated with more negative Happy MMN amplitudes (see 

Table 2). We provisionally take this as early evidence that more negative Happy MMN 

amplitudes (which indicate a larger difference between the child’s neural response to the 

happy and neutral stimuli) were associated with higher levels of callous-uncaring traits. This 

finding may indicate that children showing higher levels of callous-uncaring traits are more 

adept at differentiating between happy pseudowords and neutral pseudowords. The 

correlation between the amplitude of the Happy MMN difference waveform and 

unemotional traits was not statistically significant (see Table 2).

Discussion

The current study examined the association between primary caregiver-reported CU traits 

and the MMN component, an ERP component that is considered an index of the extent to 

which differences in emotional valence are perceived and processed. We found an 

association between neural responses to vocal fear and caregiver reports of callous-uncaring 

traits: poorer abilities to detect emotional valence, inferred from smaller (less negative) Fear 

MMN amplitudes, were associated with higher levels of callous-uncaring traits. These 

results support the interpretation that preschoolers displaying higher levels of CU traits, and 
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more specifically callous-uncaring traits, processed vocal fear less sensitively than 

preschoolers with fewer CU traits. A second possible interpretation is that the processing 

deficits seen in children with higher levels of callous-uncaring traits may have resulted from 

inattention to the differences between neutral and fearful vocal tones.

This finding lends support to theories that suggest that one potential process in which CU 

traits develop is through difficulties in perceiving distress in others. Such difficulties in 

emotion processing may disrupt normal empathy development, which could result in the 

cluster of cold and low-empathy traits that typify children displaying CU traits (Blair, 2013). 

Our findings, which demonstrate an association between the neural processing of fear 

stimuli and callous-uncaring traits, provide evidence that this process may be active in early 

childhood. Given that early childhood is a crucial window in which socialization occurs, 

emotion processing difficulties at this age, and subsequent disrupted empathy development, 

could have a cascade of ramifications on later development, especially if the child fails to 

learn from key socialization experiences and develops a negative interaction pattern with 

caregivers, teachers, and peers.

The current study demonstrates, for the first time, that young children displaying callous-

uncaring traits show the same type of emotion processing deficits to emotionally-valenced 

vocal stimuli as older children and adults (Dawel et al., 2012). Additionally, the findings 

from the current study extend our understanding of the association between CU traits and 

emotion processing in early childhood in several other key ways. First, the association 

between CU traits and the Fear MMN emerged with the callous-uncaring scale, but not with 

the unemotional scale. The lack of association with the unemotional scale was expected, as 

unemotionality, as assessed by the ICU, may lack the precision to capture the atypical 

emotional responses that are characteristic of children displaying elevated levels of CU traits 

(Henry et al., 2016). In addition, several researchers have raised concerns about the 

characteristically low correlations between unemotional traits, as assessed by the ICU, and 

indexes of antisociality (Hawes et al., 2014; Henry et al., 2016).

Next, our findings suggest that preschoolers displaying callous-uncaring traits show reduced 

neural responses to fearful vocal stimuli, while also showing enhanced neural responses to 

happy vocal stimuli (although this latter association was only trending). These findings 

support a growing literature that suggests that emotion processing difficulties in individuals 

with CU traits may be specific to emotions associated with distress (i.e., especially fear), and 

not simply a general deficit in emotion processing (Marsh et al., 2008; White et al., 2012). 

Additionally, our findings suggest that children who are displaying higher levels of callous-

uncaring traits may be more adept at differentiating and processing happy vocal stimuli. One 

potential interpretation of this finding depends on the general hypothesis that children with 

CU traits show higher levels of reward sensitivity (O’Brien & Frick, 1996). A bias towards 

reward may increase the child’s tendency to recognize and respond to vocal stimuli spoken 

with a happy prosody, as words spoken with a happy intonation often indicate that some sort 

of reward (either social or formal) will follow. Although we are interested in this finding, we 

are mindful that the association between callous-uncaring traits and the MMN in the happy 

condition did not reach the .05 level of significance. Replications will be crucial.
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Finally, although it did not surpass the traditional level of statistical significance, a 

contrasting association with the Fear MMN between callous-uncaring traits and conduct 

problems emerged. This finding suggests that callous-uncaring traits and conduct problems 

may be associated differently with the perception of vocal fear, such that children who show 

more callous-uncaring traits may be less responsive to vocal fear tones, whereas children 

with more conduct problems, that are not associated with callousness-uncaring traits, may be 

more responsive to vocal fear tones. This latter association emerged only when accounting 

for the shared variance between callous-uncaring traits and conduct problems, indicating the 

presence of a two-way suppressor effect. A suppressor effect occurs when the inclusion of 

an additional predictor in a multiple regression model increases the predictive power of 

another predictor through accounting for outcome-irrelevant variance (Tzelgov & Henik, 

1991; Wiggins, 1973). By accounting for the shared variance between the predictor and the 

suppressor variable, a suppressor variable makes visible the association between the non-

overlapping portion of the predictor of interest and the criterion (Tzelgov & Henik, 1991). In 

our findings, both callous-uncaring traits and conduct problems act as suppressor variables, 

increasing the ability of the other to predict Fear MMN scores by accounting for the shared 

variance between callous-uncaring traits and conduct problems. Interestingly, accounting for 

callous-uncaring traits increased the association between conduct problems and enhanced 

Fear MMN responses, supporting the conceptualization of children with conduct problems, 

without callous-uncaring traits, as being hyper-sensitive to threat cues (in behavioral studies 

– Frick et al., 2003 and in fMRI studies – Lozier et al., 2014; Viding et al., 2012). Notably, 

this type of a suppressor effect has been found in previous studies assessing CU traits and 

conduct problems in older samples (Frick et al., 1999; Lozier et al., 2014; Sebastian et al., 

2012), suggesting this suppressor effect may be a robust effect across ages. However, in the 

current study, even when accounting for the shared variance with callous-uncaring traits, the 

association between conduct problems and the Fear MMN failed to surpass the traditional 

level of statistical significance. This could be indicative of a lack of statistical power, 

therefore replication of this finding using a larger sample of children in this age range will 

be crucial. Such data may also allow for analyses relying on a person-centered approach, in 

which subgroups of children (e.g., children high on conduct problems and CU traits vs. 

children high on conduct problems only) could be compared. Such analyses could help to 

further clarify the patterns of neural responses to emotional stimuli in preschoolers showing 

conduct problems with CU traits (e.g., reduced responsiveness to vocal fear) compared to 

preschoolers showing conduct problems without CU traits (e.g., heightened responsiveness 

to vocal fear).

Strengths and limitations

This study has several important strengths. To our knowledge, this is the first study to 

explore the association between auditory emotion processing and CU traits in preschool-age 

children. The findings of the current study suggest that early-appearing callous-uncaring 

traits are associated with fear processing difficulties. This finding contributes to an emerging 

literature focusing on examining such traits in early childhood. Next, the focus on the neural 

correlates of auditory emotional processing, rather than behavioral indexes of emotional 

recognition and processing, makes an important contribution to this literature. Relatively few 

studies examining CU traits in children use cognitive neuroscience approaches to examine 
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the neural correlates of callous-unemotionality, but there are several important benefits to 

using these methods, especially when studying young children. Focusing on EEG/ERPs, 

rather than explicit behavior, better accommodates passive tasks, which are useful in early 

childhood when behavioral response capacities are still developing and thus less stable, 

potentially complicating the interpretation of behavioral task performance. In addition, 

neural processing indexes, such as the MMN, have the potential to serve as biomarkers, 

biologically-based indexes that are detectable prior to robust manifestations of the behavior 

or psychopathology that convey heightened risk for the later dysfunction (Ritsner & 

Gottesman, 2009).

This study also has limitations. First, the range of CU traits displayed in our sample was 

relatively narrow, consistent with a primarily community sample. We did include several 

children recruited from a clinic for young children with disruptive behavior disorders (not 

CU traits specifically), however, we could not compare clinical and non-clinical samples of 

children due to the sample size differences. While our dimensional approach to defining CU 

traits makes our findings more generalizable to wider community, it does not establish the 

generalizability to preschoolers displaying clinically significant levels of CU traits. 

Nevertheless, the association between MMN amplitudes and callous-uncaring traits had a 

large effect size, suggesting that it may be clinically meaningful.

The auditory emotion processing task used in the current study included only one speaker’s 

voice, therefore it is possible that our findings could have been influenced by the specific 

vocal characteristics of this speaker. While there are various reasons only one speaker was 

used in the current task (i.e., efforts to hold the speaker-specific properties [indexical 

properties] of the task constant and keep the task as short as possible), future research based 

on auditory emotional stimuli may benefit from including multiple speakers to rule out the 

possibility that any effects could be due to some facet of the speaker’s voice. Our sample in 

the current study is smaller than in most behavioral studies focusing on children with CU 

traits. However, the number of children with usable EEG data (n = 27) was within the range 

of typical sample sizes of comparable, developmental ERP studies (average of 15 – 27 

children per study; Hoyniak, 2017). However, because this study, like many developmental 

neuroscience studies, may have modest power, we may have been unable to detect subtle 

effects present in our data. Future studies that replicate and extend our findings with a larger 

sample will be crucial to increase confidence in these findings.

Clinical implications

The findings of the current study have several potential clinical implications. First, if the 

MMN to vocal fear is a biomarker for callous-uncaring traits, then this suggests the 

hypothesis that targeting and improving emotion processing capacities in early childhood 

could improve social development outcomes, with more normative empathy. Intervention 

efforts geared towards young children may be crucial for disrupting and altering the course 

of development of CU traits, and preventing severe, persistent conduct problems. Such 

interventions could be especially effective given the malleability of children’s behaviors in 

early childhood (Brennan & Shaw, 2015; Stormont, 2002). Additionally, the introduction of 

the limited prosocial emotions specifier to the DSM-5 demonstrates the growing emphasis 
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on understanding CU traits that occur in the context of conduct problems, making it more 

crucial than ever to understand the early manifestations of CU traits and their neural 

correlates.
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Research Highlights

• We examined the neural responses that underlie the processing of vocal 

stimuli spoken in fearful and happy tones using the event-related potential 

(ERP) technique in a group of preschoolers.

• The mismatch negativity (MMN) ERP component was examined in 

association with two dimensions of callous-unemotional traits (i.e., 

callousness-uncaring and unemotional dimensions).

• Callous-uncaring traits were associated with reduced neural responses to 

fearful vocal stimuli.

• Reduced neural responses to vocal fear could be a potential biomarker for 

callous-uncaring traits in early childhood.
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Figure 1. 
Grand-averaged Waveform Across a Posterior Electrode Group Determined via 

Temporospatial PCA and Corresponding to the MMN Component
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Figure 2. 
Partial Regression Plots Showing Unique and Contrasting Associations Between Fear MMN 

Amplitudes and (A) Callous-uncaring Traits and (B) Conduct Problems
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Table 1

Descriptive Statistics for MMN Difference Waveform Amplitude, CU Traits, and Control Variables

Variable n Mean SD Range

Amplitude MMN difference waveform

 Fear condition (μV) 27 −1.22 6.88 −11.34 – 19.17

 Happy condition (μV) 27 −0.37 5.37 −11.27 – 12.44

CU traits

 Callous-uncaring traits 26a 13.42 4.70 7 – 25

 Unemotional traits 26a 2.38 2.04 0 – 6

 ICU total score 26a 16.46 5.48 7 – 33

Control variables

 Conduct problems 27 7.52 5.19 0 – 19

 Age (months) 27 46.74 10.48 27 – 66

Note.

a
Data on CU traits were missing for one child.
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Table 2

Correlations between the MMN Difference Waveform Amplitude, CU Traits and Control Variables

1. 2. 3. 4. 5. 6. 7.

1. Fear MMN amplitudes -

2. Happy MMN amplitudes −0.03 -

3. Callous-uncaring traitsa 0.56** −0.38† -

4. Unemotional traitsa 0.17 −0.13 0.10 -

5. ICU total scorea 0.56** −0.31 0.92*** 0.50** -

6. Conduct problems 0.01 −0.06 0.42* −0.11 0.31 -

7. Age (months) −0.03 0.11 0.00 0.28 0.15 0.03 -

Note:

a
Data on CU traits were missing for one child.

*
p ≤ .05

**
p ≤ .01

***
p ≤ .001

†
p = .054
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Table 3

Multiple Regression Analyses Predicting Fear MMN Amplitudes with Control Variables

β p-value

Part A

Callous-uncaring traits 0.70 < .001

Control variable

 Conduct problems −0.33 .08

F(2,23) = 10.24, p < .05, R2 = .41

Part B

Callous-uncaring traits 0.71 < .001

Control variables

 Conduct problems −0.33 .09

 Age (months) 0.02 .92

 Sex* −0.07 .71

F(4,21) = 3.66, p < .05, R2 = .41

Note:

*
Female = 1
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