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ABSTRACT 

Emotional processing deficits are often considered central to psychopathy. There is evidence that 

those high in psychopathy pay less attention to emotional stimuli, and it is possible that these 

individuals experience diminished withdrawal motivation or heightened approach motivation in 

response to emotional stimuli. Studying emotional processing abnormalities, especially among 

youth, may be essential for better understanding psychopathy’s development and for informing 

early intervention efforts. However, relatively few studies on psychopathy have experimentally 

manipulated emotional processing, and despite the growing literature on neuroscience and 

psychopathy, there are aspects of neural activity that have yet to be investigated. The current 

study used a sample of justice-involved youth to examine how psychopathy relates to frontal 

alpha asymmetry, a neural correlate of approach and withdrawal motivation, during different 

emotional processing tasks. Youth were asked to process emotional stimuli spontaneously as 

well as to increase and decrease their responses to emotional stimuli. The study’s results indicate 

that total psychopathy and callous-unemotional traits are associated with greater approach 

motivation (i.e. greater relative left cortical activity) at rest and during emotional processing. 

Youth high in callous-unemotional traits also appear to have some ability to modulate their 

emotional responding. These findings may have treatment implications for youth high in 

psychopathic traits. 
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INTRODUCTION 

 Psychopathy is a condition characterized by interpersonal, affective, and behavioral 

symptoms, such as egocentricity, low empathy, impulsivity, and antisocial behavior (Cleckley, 

1941; Hare, 1996). Research suggests that psychopathic traits emerge in childhood, and youth 

psychopathy may closely resemble adult psychopathy (Salekin, Andershed, & Clark, 2018). 

However, more research is needed on early interventions among youth with psychopathic traits 

(Reidy et al., 2015), and it is important to continue improving our understanding of psychopathy 

among youth. In particular, better understanding emotional processing deficits in psychopathy 

could inform interventions.  

 Neuroscience may provide insight into emotional processing abnormalities related to 

psychopathic traits, but there are inconsistencies in the literature regarding which neural 

processes are abnormal in psychopathy (e.g. Santana, 2016), and there are aspects of brain 

functioning that have yet to be studied in relation to psychopathic traits. For instance, frontal 

alpha asymmetry (FAA) is a type of neural activity that has not been studied in psychopathy but 

has been useful in understanding emotional processing in other disorders such as depression (e.g. 

Quinn, Rennie, Harris, & Kemp, 2014). The goal of the present study was thus to determine the 

relation between emotional processing and FAA among youth high in psychopathic traits.  

Emotional Deficits and EEG in Psychopathy 

 Affective deficits are a major component of psychopathy (e.g. Lykken, 1995; Verschuere 

et al., 2018), and individuals high in psychopathy may have attenuated experiences of negative 
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emotions such as fear, sadness, and disgust (Brook, Brieman, & Kosson, 2013). Nevertheless, 

people high in psychopathic traits may not have insight into their emotional deficits, and their 

self-reported emotional experiences tend not to differ from those of healthy individuals (Brook et 

al., 2013). As a result, physiological measures are valuable for studying emotional processing in 

psychopathy, and individuals high in psychopathic traits appear less responsive to emotional 

stimuli in both fMRI and EEG recordings (e.g. Anderson & Stanford, 2012; Carolan, Jaspers-

Fayer, Asmaro, Douglas, & Liotti, 2014; Del Casale et al., 2015; Howard & McCullagh, 2007; 

Kiehl, Hare, McDonald, & Brink, 1999; Verona, Sprague, & Sadeh, 2012; Williamson, Harpur, 

& Hare, 1991).  

 As for EEG recordings, studies have mostly been conducted with adults and have used 

ERPs to assess immediate processing of emotional stimuli. Individuals high in psychopathy may 

have reduced P100 and N200 ERP components to emotional stimuli, indicating that these stimuli 

do not capture their attention as strongly (Anderson et al., 2012; Anderson & Stanford, 2012; 

Baskin-Sommers et al., 2012; Carolan et al., 2014; Eisenbarth et al., 2013). Moreover, later 

components related to language processing may be diminished among individuals high in 

psychopathy, and they may have less pronounced P600 and N500 components to emotional 

words (Kiehl et al., 1999; Williamson et al., 1991). Furthermore, the late positive potential (LPP) 

is a later ERP that is related to emotional processing, and again, there appears to be a lower LPP 

among individuals high in psychopathy in response to emotional stimuli (Anderson & Stanford, 

2012; Carolan et al., 2014; Cheng, Hung, & Decety 2012; Williamson et al., 1991). ERP 

evidence therefore suggests that psychopathic individuals do not process emotional stimuli as 

thoroughly as do healthy individuals (Clark, Bontemps, Batky, Watts, & Salekin, in press).  
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 However, individuals high in psychopathy may be able to overcome some emotional 

processing abnormalities. They may demonstrate more similar ERPs to non-psychopathic 

individuals if they increase their attentional allocation to emotional stimuli (Anderson & 

Stanford, 2012), and they may demonstrate more similar neural activity to controls when 

explicitly instructed to increase their experience of empathy (Meffert, Gazzola, Boer, Bartels, & 

Keysers, 2014). However, relatively little neuroscience research has manipulated emotional 

processing to determine whether people high in psychopathic traits can alter their emotional 

responding. There has also been little EEG research on emotional processing among youth with 

psychopathic traits. One study (Cheng et al., 2012) concluded that youth high in psychopathic 

traits show ERP responses that indicate a reduced ability to process empathy for others. 

However, more research using child and adolescent samples is needed.  

Spectral Analysis and Frontal Alpha Asymmetry 

 In addition to little EEG research existing on emotional processing in youth high in 

psychopathy, there are types of neural activity that have not been studied in relation to 

psychopathy but could be promising avenues of research. For example, frontal alpha asymmetry 

(FAA) is a pattern of spectral activity that involves comparing alpha power in the right frontal 

and left frontal hemisphere. Alpha power is inversely correlated with cortical activity (Cook, 

O’Hara, Uijtdehaage, Mandelkern, & Leuchter, 1998; Davidson, Chapman, Chapman, & 

Henriques, 1990), and therefore, FAA indexes whether the left or right frontal cortex is relatively 

more active. Greater right cortical activity appears implicated in negative emotional experience 

whereas greater left cortical activity appears implicated in positive emotional experience (see 

Harmon-Jones & Gable, 2018 for a review).  
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 However, cortical asymmetry may be more directly related to emotional motivation than 

to an emotion’s valence (Rodrigues, Müller, Mühlberger, & Hewig, 2018; Wacker et al., 2013). 

Greater left cortical activity may relate to Gray’s (1987) behavioral activation system (BAS), 

which facilitates positive affect, sensitivity to reward, and approach motivation (i.e. the tendency 

to approach stimuli; Harmon-Jones & Gable, 2018). Greater right cortical activity may relate to 

Gray’s (1987) behavioral inhibition system (BIS), which facilitates negative affect, sensitivity to 

punishment, and withdrawal motivation (i.e. the tendency to avoid stimuli; Harmon-Jones & 

Gable, 2018). Of note, it may be the case that right cortical activity is more closely related to a 

revised conceptualization of the BIS (Gable, Neal, & Threadgill, 2018) that proposes that the 

BIS monitors conflicts between approach and avoidance behaviors (Gray & McNaughton, 2000).  

Furthermore, psychopathy appears related to abnormal BIS and BAS activity. 

Psychopathic narcissism and callousness may relate to low BIS activity, and traits encompassing 

impulsivity and antisocial behavior may relate to high BAS activity (Fowles & Dindo, 2006; 

Ross et al., 2007; Wallace et al., 2009). Considering that psychopathic traits appear related to 

higher BAS and/or lower BIS activity, higher left frontal cortical activity may be a correlate of 

psychopathy and provide information about emotional motivation in individuals high in 

psychopathic traits. Even if frontal cortical asymmetry does not directly measure the intensity or 

type of emotional experience, examining if individuals high in psychopathy have abnormal 

motivational responses to emotional stimuli provides useful information regarding aberrant 

emotional processing in psychopathy and its potential consequences. For individuals high in 

psychopathy, abnormal emotional processing can pertain to diminished experience of emotion, 

but more importantly, attenuated emotions may fail to evoke appropriate motivations in a 

particular context, such as withdrawing from a fear-inducing stimulus. 
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 Nevertheless, there have not been studies examining FAA in psychopathy. Keune and 

colleagues (2017) studied callous-unemotional (CU) traits, which are a component of 

psychopathy. They unexpectedly found that CU traits assessed with the Inventory of Callous 

Unemotional Traits (ICU; Frick, 2004) were related to greater right cortical activity (i.e. greater 

withdrawal motivation) at rest. The authors speculated that this result might be due to CU traits 

being associated with lower motivation to engage in prosocially-oriented approach behaviors. 

However, their sample consisted of a small group of violent adult prisoners, so this pattern of 

FAA may not generalize to other samples. The ICU’s psychometric properties have also been 

called into question (Berg et al., 2013), and prior research has illustrated that alpha asymmetry is 

more strongly related to disorders and behaviors when assessed during tasks that engage 

emotional processing rather than at rest (Coan, Allen, & McKnight, 2006; Meyer et al., 2017; 

Stewart, Coan, Towers, Allen, 2014). Therefore, it is not clear whether elevated right cortical 

activity would occur during active emotional processing in psychopathy. 

The Current Study 

 The current study sought to examine the relationship between cortical asymmetry and 

emotional processing in psychopathy. To this end, this study manipulated emotional processing 

to determine whether youth high in psychopathy show changes in FAA patterns to emotional 

stimuli when instructed to process these stimuli differently. FAA was measured while justice 

system-involved youth sat quietly and while they listened to stories designed to elicit three 

different emotions (happiness, fear, and sadness) and to neutral stories. Youth listened to these 

stories under three instruction conditions – no instructions/passive listening, instructions to 

increase their emotional response, and instructions to decrease their emotional response. 

Specifically, the increase emotion condition was intended to determine whether these youth 
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could more thoroughly process emotional stimuli when instructed to do so. The decrease emotion 

condition was intended to determine if these youth could suppress emotional processing. 

 Our hypotheses were as follows: 

 Hypothesis 1: We hypothesized that psychopathy would be associated with right-

 lateralized alpha activity at rest (i.e. higher left frontal cortical activity) and that this 

 general relationship would hold across the different emotional processing tasks.  

 Hypothesis 2: We additionally predicted a three-way interaction between psychopathy, 

 type of emotion, and type of instruction. 

  Hypothesis 2a: We predicted youth higher in psychopathic traits would   

  demonstrate more typical FAA patterns (i.e. less right-lateralized alpha activity)  

  to negative emotional stimuli (the fear and sadness stimuli) when    

  instructed to increase their emotional response to these stimuli compared to when  

  not instructed, or instructed to decrease their emotional response. 

  Hypothesis 2b: By contrast, since happiness may be related to approach   

  motivation, we hypothesized that youth higher in psychopathic traits would  

  demonstrate even more right-lateralized alpha activity to the happiness stimuli  

  when instructed to increase their emotional response to these stimuli than when  

  not instructed or instructed to decrease their emotional response. 

  Hypothesis 2c: Moreover, we predicted that psychopathic traits    

  would confer greater ability to inhibit emotional experience. Thus, we predicted  

  that psychopathy scores would be more strongly related to right-lateralized FAA  

  for the fear and sadness stimuli when youth were instructed to decrease their  
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  emotional response to these stimuli than when not instructed or when instructed to 

  increase their response.  

  Hypothesis 2d: For happiness stimuli, we hypothesized psychopathic traits would  

  be less strongly related to right-lateralized FAA when youth were asked to  

  decrease their emotional response to these stimuli as compared to when not  

  instructed or when instructed to increase their emotional response.  

  Hypothesis 2e: Across the tasks, we did not predict significant    

  effects for the neutral stimuli. 

 Analyses were also conducted with four psychopathy factors to determine if the findings 

were consistent across factors. Grandiose-manipulative traits, callous-unemotional traits, daring-

impulsive traits, and conduct disorder symptoms were each used in place of global psychopathy 

for the analyses.  
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METHOD 

Participants 

 Thirty-nine boys between the ages of 13 and 18 were recruited among current residents at 

a medium security juvenile detention center in the Southeastern United States. Only boys were 

recruited for the present study since very few girls reside in this particular detention center, and 

running separate analyses by gender would be impractical. Youth were on average 15.9 years old 

(SD = 1.2) and identified predominantly as African-American (61.5%), followed by Caucasian 

(30.8%), Other (5.1%), and Hispanic (2.4%). The racial composition of the sample was reflective 

of that of the juvenile detention center as a whole. Participants had been detained an average of 

13 days before participating in the study (SD = 9.79). Youth were primarily detained for charges 

related to theft, burglary, and breaking and entering (51.3%), charges related to gun possession 

or use (18.0%), charges related to assault (12.8%), and drug charges (7.7%). Five of these youth 

completed a slightly different variant of the study task, and only their resting data was included. 

This yielded a final sample of 34 participants for the emotional processing tasks and 39 

participants for the resting data.  

Materials and Measures 

 Recording equipment. EEG recordings were obtained using a Mitsar portable amplifier 

(Mitsar 201, Mitsar, Ltd., St. Petersburg, Russia) and a 19-channel Lycra cap (Electro-Cap 

International, Eaton, OH) with tin electrodes placed according to the International 10-20 system. 

The electrode positions used were Fp1, Fp2, Fz, F3, F4, F7, F8, T3, T4, T5, T6, C3, C4, Cz, P3, 
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P4, Pz, O1, and O2. The ground electrode was located at AFz, and data were referenced to linked 

earlobes. Data were recorded in EEG Studio Acquisition Rev: 1.14.0.9148 at a sampling rate of 

500Hz, with a band pass filter of .16Hz to 70Hz. A notch filter was also applied at 60Hz to 

remove electrical noise. Impedances were kept below 10 kΩ. 

 Emotional scenarios. Youth listened to a series of short stories, each depicting an 

emotional or neutral situation. Almost all stories were taken from the Affective Norms for 

English Text (ANET; Bradley & Lang, 2007), which have norms for the levels of arousal, 

dominance, and pleasure they tend to evoke. To generate these norms, approximately 100 college 

students read each of the 60 items in the ANET and provided the arousal, dominance, and 

pleasure ratings. One example of an ANET item related to fear is “You’re alone in the alley in a 

bad part of the city. A street gang slowly surrounds you, knives out, laughing with menace. Your 

heart pounds as they close in.” As the ANET contains relatively few stories that clearly relate to 

sadness, one story to evoke sadness was independently created for this study. This story was 

modeled after those in the ANET and was reviewed by the research team. Youth listened to three 

stories reflecting each emotion (fear, sadness, happiness, and neutral) in each instruction 

condition. 

 Proposed Specifiers for Conduct Disorder (PSCD; Salekin & Hare, 2016). The PSCD 

is a new, self-report measure of psychopathy in adolescence that contains four subscales: 

Grandiose-Manipulative (GM), Callous-Unemotional (CU), Daring-Impulsive (DI), and Conduct 

Disorder (CD). The GM dimension includes items related to being charming, manipulative, and 

having a high opinion of one’s abilities. The CU dimension includes items related to being 

uncaring, mean, and lacking guilt. The DI dimension includes items related to being a risk-taker, 

daring, and preferring stimulating or exciting activities, and the CD dimension includes items 
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related to stealing, destroying property, and being aggressive. This measure was developed to 

improve upon the content validity and scale homogeneity of existing youth psychopathy 

measures (Salekin, 2017). The PSCD is comprised of 24 items rated on a 3-point Likert scale 

from 0 (Not True) to 2 (True). Preliminary data from a sample of over 16,700 mainland Chinese 

youth has demonstrated promising results as far as factor structure and internal consistency (M. 

Wang, personal communication, May, 2019). Preliminary data from a sample of 108 high school 

students in the United States has also indicated that the measure and its subscales have adequate 

internal consistency (R. Salekin, personal communication, April 26, 2019). In addition, the 

parent-report version of the PSCD has demonstrated promising psychometric properties in a 

large sample of preschoolers (N = 2,200) from Northern Spain. In the present study’s sample, 

Cronbach’s alpha was acceptable to good for the total score and subscale scores, but the 

Cronbach’s alpha and mean inter-item correlations were relatively low for the GM subscale. The 

mean inter-item correlation was also low for the GM scale and was marginally acceptable for the 

total score (see Table 1). 

 Emotional intensity and vividness ratings. For each story the participants heard, 

participants answered one question asking them how much emotion they experienced on a scale 

of 0 (None at all) to 10 (A lot). This partially served as a manipulation check to ensure that the 

stories were evoking an emotional response at least among the youth low in psychopathy. 

Moreover, self-reports were included to determine if psychopathy was related to subjective 

emotional experience in this sample. Youth also answered one question per story regarding how 

vividly they experienced the situation described in the story on a scale of 0 (Not at all) to 10 (A 

lot). The vividness ratings were intended to focus on whether youth can imagine themselves in 

the situation and do not reference emotion. The vividness ratings were included to give some 
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preliminary insight into whether youth high in psychopathy have difficulty envisioning the 

scenario occurring, or if they are able to envision the situation but are not experiencing the 

corresponding emotions. See Appendix A for the full text of the emotion and vividness rating 

questions. 

Design 

 The study had three independent variables: psychopathy level, instruction condition, and 

emotion condition. The instruction and emotion conditions were within-subjects variables. All 

youth experienced the no instruction condition, the increase emotion condition, and the decrease 

emotion condition. During each instruction condition, youth also experienced each of the 

emotion conditions: happiness, fear, sadness, and neutral. FAA served as the dependent variable.   

Procedure 

 Participants were recruited during the detention center’s visitation hours. For participants 

under 18, informed consent was obtained from a parent or legal guardian, and assent was 

obtained from the participant. For 18-year-old participants, informed consent was obtained either 

during visitation hours or directly before beginning the study tasks. Participants and 

parents/guardians were informed that participation would not impact participants’ status in the 

detention center. 

 During the study session, participants first answered questionnaires, including the 

demographic questions and the PSCD. Resting EEG data was then collected while participants 

sat still for three minutes with their eyes open while looking at a fixation cross on a computer 

screen and then sat still for three minutes with their eyes closed. In order to reduce eye 

movement artifacts, they also completed the emotional processing tasks while looking at the 

fixation cross. For the emotional processing tasks, youth experienced the happiness, sadness, 
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fear, and neutral emotion induction conditions. Each emotion condition consisted of listening to 

three stories related to that emotion. After each story, there was a thirty-second pause for the 

youth to reflect on the story. After youth had listened to all three stories in a given emotion 

condition, youth answered the questions regarding how vividly they experienced each story in 

that condition and how much emotion they felt while listening to each one. They then proceeded 

to experience the next emotion condition until they completed all the emotion conditions. This 

entire task was repeated three times but with different instructions for reflecting upon the stories 

each time. Youth were instructed to simply listen to the stories, to increase their emotional 

response to the stories, and to decrease their emotional response to the stories. The instruction 

conditions were counterbalanced as well as the order in which the emotion conditions appeared 

within each instruction condition. The stories corresponding to each emotion condition always 

appeared in the same order for practicality reasons, but the thirty-second pause in between each 

story should have helped to attenuate carryover effects.  

 Before beginning the emotional processing tasks, youth were informed that the 

experimenter would use the EEG equipment to track their attention and effort during the tasks. 

Participants were told that they would receive a prize at the end of the study for working hard, 

and the experimenter explained that we were interested in their effort rather than whether they 

were successful in feeling or not feeling an emotion. Youth were also encouraged to answer the 

self-report questions of emotion and vividness as honestly as possible. In reality, we did not 

attempt to measure or analyze participants’ effort and attention. We informed youth that we 

would track their engagement in order to incentivize them to participate in the tasks and to 

minimize the influence of motivation on the results. At the end of the study, participants were 

debriefed, and all participants were offered the prize (a snack). The duration of the entire 
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protocol was about 1 hour and 45 minutes, and youth were compensated $20 for participating. 

Prior to data collection, the study procedures were approved by the University of Alabama 

Institutional Review Board.   
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RESULTS 

EEG Processing 

 EEG data was processed using EEGLAB (Delorme & Makeig, 2004) following 

guidelines outlined by Smith, Reznik, Stewart, and Allen (2017). Data was first downsampled to 

250Hz, remaining 60Hz and 120Hz line noise was removed from the data, and then a band pass 

filter was applied from 1Hz to 50Hz. Large and non-stereotyped artifacts were then removed 

manually, and the data was decomposed using independent components analysis (ICA). Eye-

blink, lateral eye movement, and muscle activity components were removed. Remaining voltage 

artifacts were then removed automatically using a threshold of -100µV to 100µV, and a fast 

Fourier transform was used to transform each relevant segment of raw data into frequency 

spectra. For the fast Fourier transform, one-second epochs were created, a Hamming window 

was applied to the epochs, and the epochs were overlapped by 50%. The average alpha power in 

the 8-13Hz range for a given segment was taken at electrode sites F3 and F4. It was then natural 

log transformed, and alpha power at site F3 was subtracted from alpha power at site F4. This 

provided difference scores for alpha power, and higher difference scores represent more left 

cortical activity. Although a reference-free current source density (CSD) transformation is 

recommended when studying FAA (Smith et al., 2017) the CSD transformation poorly represents 

activity in montages with few electrodes (Smith et al., 2017). Therefore, the data was not re-

referenced and linked ears served as the reference for both recording and data processing.  
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 Average FAA values were computed across the three minutes of eyes open resting data, 

three minutes of eyes closed resting data, and for the 30-second period following each story 

when youth were supposed to reflect on the story. Prior work has demonstrated that the internal 

consistency reliability of frontal alpha asymmetry approaches adequate levels with as little as 30 

seconds of recorded data (Towers & Coan, 2009). Therefore, an a priori decision was made that 

if a participant did not have at least 10 seconds of usable data corresponding to a given story, or 

30 seconds of eyes-open or eyes-closed resting data, that data point was treated as missing and 

was later imputed. The vast majority of participants had between 20 and 30 seconds of usable 

data for each story and over 2 minutes of usable data for both eyes-open and eyes-closed resting 

tasks. Three participants had unusable data for between one and three of the study conditions, 

and missing data was imputed using the expectation-maximization algorithm in SPSS (version 

25) for these participants. Due to excessive electrical artifact occurring at 20Hz, one participant’s 

data was also band pass filtered from 1Hz to 19Hz rather than from 1Hz to 50Hz before 

proceeding with further analyses. This participant’s data did not appear to be unusual or 

influential in the analyses as a result of this procedure, and thus it was retained.  

Preliminary Data Analysis 

 All analyses were conducted in SPSS version 25. Descriptive statistics and internal 

consistency for key variables are presented in Table 1. Means and standard deviations for FAA 

values appear similar to those obtained in prior studies (e.g. Keune et al., 2018). PSCD total and 

factor scores were computed by summing the item scores comprising each scale. Emotion and 

vividness rating scores for each condition were computed by summing the responses for the three 

stories corresponding to each condition. FAA for each condition was calculated through 

averaging the FAA values for the eyes-open resting task, eyes-closed resting task, and for the 
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three time periods after each story in the condition when youth were supposed to be reflecting on 

the story they just heard. As eyes-open and eyes-closed resting FAA values were highly 

correlated (r = .76, p < .001), these two values were averaged to create an overall resting data 

value. To determine whether FAA values were similar across the stories in each condition, 

Cronbach’s alphas and mean inter-item correlations were computed with treating the average 

FAA values in response to the three stories in each condition as three “items.” Thus, internal 

consistency for these conditions represents reliability of FAA responses to different stories in the 

same condition rather than reliability of FAA across time. 

Table 1 
 
Descriptive Statistics 
Variable Mean Standard Deviation Cronbach’s 

Alpha 
Mean Inter-Item 
Correlation 

PSCD Total Score 23.3 7.77 .85 .13 
PSCD Grandiose-
Manipulative 
Factor 

6.7 1.9 .37 .08 

PSCD Callous-
Unemotional 
Factor 

3.4 2.8 .73 .30 

PSCD Daring-
Impulsive Factor 

6.9 2.8 .69 .26 

PSCD Conduct 
Disorder Factor 

6.3 3.9 .67 .33 

Frontal Alpha Asymmetry      
Resting .27 .45 - - 
No-instruction     

Neutral .32 .59 .87 .69 
Happiness .34 .52 .89 .74 
Sadness .36 .53 .84 .64 
Fear .31 .52 .88 .70 

Increase emotion     
Neutral .34 .64 .92 .81 
Happiness .34 .65 .90 .74 
Sadness .34 .52 .87 .70 
Fear .32 .56 .84 .65 

Decrease emotion     
Neutral .46 .58 .89 .72 
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Happiness .37 .53 .84 .65 
Sadness .39 .43 .75 .52 
Fear .39 .59 .86 .68 

Emotion Self-Reports     
No-instruction     

Neutral 12.05 9.47 .89 .71 
Happiness 19.39 9.95 .88 .70 
Sadness 17.42 9.18 .77 .52 
Fear 15.97 9.96 .86 .68 

Increase emotion    	  

Neutral 12.33 8.58 .83 .64 
Happiness 19.87 9.23 .85 .65 
Sadness 17.38 8.79 .74 .50 
Fear 16.69 10.55 .93 .82 

Decrease emotion     
Neutral 11.86 9.16 .78 .55 
Happiness 17.45 10.16 .90 .76 
Sadness 16.08 9.44 .70 .44 
Fear 13.55 10.49 .91 .77 

Vividness Self-Reports     
No-instruction     

Neutral 15.42 9.46 .88 .72 
Happiness 19.29 9.28 .83 .62 
Sadness 18.63 8.92 .81 .59 
Fear 16.21 9.27 .83 .62 

Increase emotion     
Neutral 15.35 7.29 .74 .50 
Happiness 19.84 8.42 .86 .67 
Sadness 16.69 7.63 .57 .30 
Fear 17.26 9.60 .87 .72 

Decrease emotion     
Neutral 17.66 7.85 .76 .51 
Happiness 19.84 8.36 .85 .65 
Sadness 17.79 8.02 .63 .36 
Fear 17.34 9.17 .81 .58 

 

Primary Data Analysis 

 To test Hypothesis 1, correlations were run between resting FAA, the PSCD, and its 

factor scores, and results are presented in Table 2 (see Table 3 for correlations between all PSCD 

and FAA variables). For resting data, CU traits were significantly and positively associated with 

FAA scores (r = .37, p = .02), indicating that these traits are related to higher left cortical 
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activity. A marginally significant positive correlation also emerged between PSCD total scores 

and FAA scores (r = .27, p = .09).  

Table 2 
 
Correlations Among PSCD Scores and Frontal Alpha Asymmetry 
  PSCD Total GM Traits CU Traits DI Traits CD 

Symptoms 
PSCD Total 1     
GM Traits .50** 1    
CU Traits .63** -.04 1   
DI Traits .70** .35* .27a 1  
CD 
Symptoms 

.82** .29a .38* .32* 1 

Resting 
Asymmetry 

.27a -.01 .37* .04 .26 

 Note. a = p < .10, * = p < .05, ** = p < .01. 
 

Table 3 
 
Correlations Among PSCD Scores and Frontal Alpha Asymmetry During Emotional Processing   

 Tasks For All Participants 
 PSCD Total GM Traits CU Traits DI Traits CD 

Symptoms 
No-instruction 
neutral 

.28 .21 .25 .07 .23 

No-instruction 
happiness 

.31a .15 .35* .15 .18 

No-instruction 
sadness 

.35* .21 .31a .11 .28 

No-instruction 
fear 

.35* .04 .41* .03 .35* 

Increase neutral .26 .29a .13 .16 .19 
Increase happiness .24 .28 .11 .06 .23 
Increase sadness .38* .11 .33a .18 .33a 

Increase fear .32 .20 .30a .13 .23 
Decrease neutral .40* .23 .39* .11 .32a 

Decrease 
happiness 

.41* .07 .43* .21 .32a 

Decrease sadness .28 .09 .39* .04 .20 
Decrease fear .40* .16 .41* .15 .31a 

Note. a = p < .10, * = p < .05, ** = p < .01.  
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 Repeated-measures ANOVAs and ANCOVAs were then conducted using the 

Greenhouse-Geisser correction whenever sphericity was violated. A two-way repeated-measures 

ANOVA was first conducted to determine whether emotion condition, instruction condition, or 

their interaction exerted an effect on FAA. There was not a significant main effect of instruction 

condition (F (2, 66) = 1.88, p = .17, ηp2 = .05), main effect of emotion condition (F (3, 99) = 

0.41, p = .75, ηp2 = .01), or effect of the interaction between emotion and instruction condition 

(F (4.24, 139.82) = .50, p = .74, ηp2 = .02). FAA therefore did not appear to change in response 

to the emotional processing manipulations.  

 However, there were effects of the manipulations on self-reported emotional experience. 

There was a significant main effect of instruction condition (F(2, 74) = 4.65, p = .01, ηp2 = .11) 

and a significant main effect of emotion condition (F(3, 111) = 16.58, p < .001, ηp2 = .31). Post-

hoc pairwise comparisons using a Bonferroni correction revealed that participants reported 

greater emotional experience overall in the increase emotion condition (M = 16.57, SD = 8.06) 

than in the decrease emotion condition (M = 14.74, SD = 8.62; p = .04), and that compared to the 

neutral stories (M = 12.13, SD = 8.63), participants reported having a greater emotional response 

to the fear (M = 15.51, SD = 9.74; p = .01), sadness (M = 17.02, SD = 8.36; p = .001), and 

happiness stories (M = 19.02, SD = 8.50; p < .001). Participants also reported a greater emotional 

response to the happiness stories (M = 19.02, SD = 8.50) than to the fear stories (M = 15.51, SD 

= 9.74; p = .01). There was not a significant interaction between emotion condition and 

instruction condition (F (4.45, 164.46) = 1.07, p = 0.37, ηp2 = .03).  

 To test Hypothesis 2, a repeated-measures ANCOVA was then conducted with emotion 

condition and instruction condition as independent variables, PSCD total score as the covariate, 

and FAA as the dependent variable. There were non-significant interactions between total 
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psychopathy and emotion condition (F (3, 96) = 0.28, p = .83, ηp2 = .01), total psychopathy and 

instruction condition (F (2, 64) = .30, p = .75, ηp2 = .01), and among total psychopathy, emotion 

condition, and instruction condition (F (4.1, 131.8) = .87, p = .49, ηp2 = .03). Therefore, the 

degree of modulation of FAA in response to the study manipulations did not appear related to 

psychopathy. However, there was a main effect of psychopathy such that psychopathy was 

positively related to FAA throughout the emotional processing tasks (β = .36, t[33] = 2.21, p = 

.04).  

 Additional three-way repeated-measures ANCOVAs were also conducted with 

Grandiose-Manipulative (GM), Callous-Unemotional (CU), Daring-Impulsive (DI), and Conduct 

Disorder (CD) scores each replacing PSCD total scores in the analyses. There was a marginally 

significant interaction effect between GM traits and emotion on FAA (F(3, 96) = 2.26, p = .09, 

ηp2 = .07). This effect appeared to have been driven by GM traits having a greater association 

with FAA during neutral stories (β = .27, t[33] = 1.55, p = .13) than during sad stories (β = .15, 

t[33] = .85, p = .40; F(1, 32) = 5.06, p = .03). However, of note, GM traits were not significantly 

related to FAA in either of those conditions, and there was not a significant main effect of GM 

traits on FAA during the emotional processing manipulation (β = .19, t[33] = 1.12, p =.27).  

 There was additionally a marginally significant interaction between instruction condition 

and CU traits (F(2, 64) = 2.77, p = .07, ηp2 = .08). This effect appeared to be driven by a stronger 

relationship between CU and FAA during the decrease emotion task (β = .43, t[33] = 2.70, p = 

.01) than in the increase emotion task (β = .22, t[33] = 1.29, p = .21; F[1,32] = 4.09, p = .051). 

There was also a main effect of CU traits such that CU traits were related to greater FAA across 

the emotional processing tasks (β = .34, t[33] = 2.06, p = .05). Finally, there was a marginally 

significant main effect of CD symptoms such that these were also related to higher FAA during 
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the tasks (β = .29, t[33] = 1.72, p = .10). Main effects and interactions were all non-significant 

for DI traits. 

 Left-handed and ambidextrous participants comprised about one-fourth of the sample, 

and their data did not significantly differ from that of right-handed participants. Resting FAA 

was similar among the left-handed and ambidextrous participants (M = .36, SD = .32) compared 

to among the right-handed participants (M = .23, SD = .32; t[36] = -.72, p = .47). On average, 

FAA values among left-handed and ambidextrous participants (M = .50, SD = .42) were also 

similar to those among right-handed participants (M = .32, SD = .53) during the emotional 

processing tasks, (t[32] = -.90, p = .39). Correlations among psychopathy and FAA variables are 

presented for the full sample, left-handed and ambidextrous participants, and right-handed 

participants in Table 3, Table 4, and Table A3 respectively. When using only right-handed 

participants, the correlations were generally similar to those from the full sample. About 44% of 

the correlations remained within .05 of one other, and approximately 82% remained within .10 of 

one another. Of note, some correlations were substantially stronger or weaker among the left 

handed and ambidextrous participants compared to among the right-handed participants (see 

Tables 4 and 5). However, it appears that the differences in correlations observed in the right-

handed versus non-right-handed participants did not conform to a systematic pattern and were 

potentially an artifact of small sample sizes. Therefore, to avoid a substantial decrease in power, 

it was decided that data from right-handed, left-handed, and ambidextrous participants should be 

combined for analyses.  
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Table 4 
 

Correlations among PSCD Scores and Frontal Alpha Asymmetry For Right-Handed Participants 
 PSCD Total GM Traits CU Traits DI Traits CD Symptoms 

No-instruction 
neutral 

.24 .08 .27 .08 .15 

No-instruction 
happiness 

.30 .05 .35a .14 .17 

No-instruction 
sadness 

.35a .14 .32 .13 .25 

No-instruction fear .32 -.03 .37a .00 .31 
Increase neutral .27 .14 .19 .17 .17 
Increase happiness .30 -.02 .33a .04 .27 
Increase sadness .27 -.02 .28 .09 .24 
Increase fear .26 .11 .28 .09 .16 
Decrease neutral .28 .16 .28 -.06 .25 
Decrease 
happiness 

.32 .02 .36a .10 .23 

Decrease sadness .23 .13 .32 -.01 .13 
Decrease fear .27 .06 .30 .06 .20 
Resting .12 -.07 .28 -.13 .15 

Note. a = p < .10, * = p < .05, ** = p < .01. 
 

Table 5 
 
Correlations Among PSCD Scores and Resting Asymmetry For Left-Handed and Ambidextrous 
Participants 
 PSCD Total GM Traits CU Traits DI Traits CD Symptoms 
No-instruction 
neutral 

.34 .62 .14 -.03 .43 

No-instruction 
happiness 

.31 .55 .29 .12 .11 

No-instruction 
sadness 

.28 .46 .23 -.03 .29 

No-instruction 
fear 

.43 .26 .58 .01 .46 

Increase 
neutral 

.16 .71* -.19 .08 .08 

Increase 
happiness 

.15 .70a -.25 .05 .15 

Increase 
sadness 

.68a .48 .48 .39 .68a 

Increase fear .27 .38 .22 .10 .18 
Decrease 
neutral 

.71* .41 .71a .48 .52 
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Decrease 
happiness 

.66a .18 .43 .43 .60 

Decrease 
sadness 

.45 -.07 .17 .17 .46 

Decrease fear .75* .47 .34 .34 .66a 

Resting .79** .15 .75* .57a .72* 
Note. a = p < .10, * = p < .05, ** = p < .01. 
 

 Moreover, psychopathy total scores and factor scores largely did not appear to be related 

to self-reported emotional experience or to vividness ratings. The absolute value of correlations 

was generally below .25, and the correlations were generally non-significant except that CD 

symptoms were positively correlated with vividness ratings in the no-instruction, fearful story 

condition (r = .36, p = .03) and in the increase emotion, neutral story condition (r = .39, p = .01). 

However, given the small sample and the large number of correlational tests run on the emotion 

and vividness ratings, these findings should be interpreted very cautiously. Finally, the PSCD 

contains two items in the Conduct Disorder scale that relate to age of onset of conduct problems 

and oppositional behavior. These items were intended primarily for research purposes rather than 

to assess conduct problem levels, and thus analyses were also run without these items. Excluding 

these items did not result in substantial changes in the relationships between PSCD total scores 

and Conduct Disorder scores and FAA (see Table 6). 

Table 6 
 

Correlations Among PSCD Scores and Frontal Alpha Asymmetry when Removing PSCD 
Oppositional Behavior and Age of Onset Items 
 PSCD Total PSCD Conduct 

Disorder 
No-instruction neutral .27 .17 
No-instruction happiness .33* .13 
No-instruction sadness .38* .22 
No-instruction fear .35a .31a 

Increase neutral .25 .12 
Increase happiness .16 .11 
Increase sadness .29 .19 
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Increase fear .28 .14 
Decrease neutral .36a .25 
Decrease happiness .35a .20 
Decrease sadness .21 .08 
Decrease fear .38* .22 
Resting .24 .23 

Note. a = p < .10, * = p < .05 
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DISCUSSION 

 The results suggest that psychopathy as broadly measured may relate to FAA at rest and 

during emotional processing tasks. These findings may reflect that reward sensitivity and 

insufficient impulse control appear related to both approach motivation and to psychopathy (e.g. 

Fowles & Dindo, 2006). As far as psychopathy dimensions in this study, CU traits were related 

to higher relative left frontal cortical activity at rest. This finding is consistent with research 

suggesting that CU traits are related to higher behavioral activation and lower behavioral 

inhibition (Hoppenbrouwers et al., 2015) as well as to higher reward sensitivity, lower 

punishment sensitivity, and lower negative affect (Hawes & Dadds, 2005). However, this finding 

diverges from Keune and colleagues’ (2016) finding that CU traits were related to greater right 

cortical activity and thus to greater withdrawal motivation. Findings may be different because of 

the age of the samples, the severity of criminal behavior in the samples, or the measure of CU 

traits used. With respect to this latter point, the PSCD CU scale includes meanness items that are 

not common in other CU scales. In addition, it should be noted that a review of the literature on 

child psychopathy has concluded that there are mixed findings on reward and punishment 

sensitivity (Salekin, 2017). The length of time detained could also logically have impacts upon 

emotional responding and FAA. In order to assess for an effect of length of time detained, 

correlations were run between length of time in the detention center and FAA across the various 

conditions. Significant correlations did not emerge in this sample between length of time in the 

detention center at the time of participation and FAA at rest or during study tasks, and 
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coefficients were all less than .25 in magnitude. However, most participants in this sample were 

detained for several weeks or less, and longer-term incarceration could have impacts on FAA or 

emotional processing ability. Thus, it appears that using a measure of CU traits that included 

meanness items may have driven some of the significant findings in this study, and these 

findings are theoretically consistent with theoretical notions that psychopathic characteristics 

may be associated with greater behavioral activation or reduced right cortical activity (Gable et 

al., 2018). 

 The relationship between CU traits and higher left cortical activity was also maintained 

across the emotional processing tasks, and total psychopathy was significantly related to higher 

left cortical activity during the emotional processing tasks. The absence of interactions between 

either PSCD total scores or CU traits and emotion condition may indicate that youth high in CU 

traits and total psychopathy experience higher approach motivation to a wide range of emotional 

stimuli. These findings appear to suggest that youth high in psychopathic traits have diminished 

experience of fear and sadness but are more sensitive to stimuli indicating rewarding or positive 

experiences. This finding is highly consistent with prior work demonstrating increased reward 

responsiveness among children high in CU traits (Hawes & Dadds, 2005), but it is important to 

note that there have been mixed findings on child psychopathy and reward responsiveness when 

considering the broader literature (Salekin, 2017). There was also a significant interaction 

between CU traits and instruction condition such that the positive relationship between CU traits 

and left cortical activity was stronger in the decrease emotion condition than in the increase 

emotion condition. This finding may suggest that youth higher in CU traits are able to effectively 

modulate their emotional responding when instructed.  
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 However, the interpretation of these findings is complicated by the fact that FAA across 

the entire sample did not seem to be affected by the emotional stimuli presented or the 

instructions to modulate emotional responding. The effect size for the main effect of emotion 

condition was close to zero, and thus the lack of a significant finding does not appear to be due to 

low power. Participants appeared to experience similar emotional motivation to all stimuli 

presented regardless of whether the stimuli represented more approach-related (i.e. happiness), 

more withdrawal-related (i.e. sadness and fear), or neutral situations.  

 This finding is somewhat unexpected, but as most research on FAA has involved 

undergraduate or community participants, it could indicate that detained youth generally have 

emotional processing impairments. For instance, youth could have been experiencing more 

approach-related affect such as anger in response to the sadness stimuli or excitement in response 

to the fear stimuli. Conversely, they could have been experiencing withdrawal-related affect to 

the happiness stimuli. Especially considering that participants were detained, the happy stories 

could have elicited some elements of sadness or longing if youth were conscious of how they are 

currently unable to have the experiences reflected in the stories, such as winning contests or 

sports tournaments. The manipulation also may not have been strong enough to elicit distinct 

emotional responses, but the significant findings for self-reported emotional experiences indicate 

that youth likely had some level of subjective emotional response to the stimuli. More research 

may also be needed to replicate findings regarding FAA and emotional processing in order to 

determine how robust the associations are between FAA patterns and different emotional or 

motivational states.  

 The other psychopathy subscales were generally unrelated to FAA either at rest or during 

emotional processing although the correlation between CD symptoms and resting FAA 
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approached marginal significance. This result corroborates prior findings that conduct disorder is 

related to higher BAS activity (Matthys, van Goozen, de Vries, Cohen-Kettenis, & van 

Engeland, 1998). For GM traits, the lack of significant results may partially be due to the GM 

scale’s lack of homogeneity in the current sample. Alternately, GM traits may contain elements 

of behavioral inhibition because effective manipulation can require planning ability and 

behavioral restraint. Indeed, prior work has demonstrated that there may be a stronger 

relationship between callousness and a hypoactive BIS than between narcissism and low BIS 

activity (Hoppenbrouwers et al., 2015).  

 For DI traits and CD symptoms, these psychopathy dimensions are often more related to 

negative affect than GM or CU traits (Hicks & Patrick, 2006). However, it should be noted that 

the DI scale is more fully centered on daring traits than impulsivity, and it may therefore 

coincide less with negative affect than other psychopathic impulsivity scales. Psychopathic 

impulsivity may demonstrate a positive association with BIS as well as BAS activity, which 

could reflect that psychopathic impulsivity is also related to negative affect (Hoppenbrouwers et 

al., 2015). Intuitively, it appears as though traits related to grandiosity, impulsivity, and 

especially daring behavior would be more associated with behavioral activation rather than traits 

related to callousness and unemotionality. However, associations between GM and DI traits and 

negative affectivity may explain why these traits had correlations close to zero with FAA. GM, 

DI, and CD traits may reflect a mixture of approach and withdrawal motivation more so than CU 

traits do, meaning these youth may have more symmetrical cortical activity at rest or during 

emotional processing.  

 Self-reported emotional responding was also unrelated to psychopathy generally and to 

particular psychopathy factors. This finding supports those in prior research suggesting that 
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individuals high in psychopathy may not have insight into their blunted emotional responding 

(Brook et al., 2013). Psychopathic traits were also largely unrelated to self-reported ability to 

visualize the situations presented in the stories. These findings may indicate that youth high in 

psychopathy do not have difficulties visualizing emotional scenarios.  

Limitations 

 The study’s primary limitation is the relatively small sample size and low power for some 

analyses. Although the study was powered to detect moderate to large effect sizes for analyses 

involving EEG data, some effect sizes were smaller than anticipated, and larger samples may be 

needed to detect these effects. Therefore, null effects should be interpreted with caution. 

However, a sample of this size is not unusual in EEG research, and the results provide some 

preliminary information about FAA in psychopathy that future studies can expand upon with 

larger samples. As the study sample only consisted of detained boys, further research is also 

needed to determine if the results generalize to girls or to community participants. Detained 

youth are probably not extremely different from community youth with conduct disorder 

symptoms, but future research would need to clarify the extent to which using a justice-involved 

versus community sample may moderate the findings. Finally, due to constraints related to 

obtaining parent consent, only youth whose parents attended visitation hours could be recruited 

to participate in the study as well as youth who were 18 years old and thus able to consent on 

their own. Future research could attempt to obtain a sample that is more representative of 

detention center populations as a whole. 

 As far as measurement limitations, we also used a new measure of psychopathy (the 

PSCD) that is in the initial validation stages. Early data has been promising, and the measure’s 

aim to have more coherent subscales, its ability to address conduct disorder and oppositional 
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defiant disorder symptoms, and its strong content validity were advantageous for the current 

study. However, in this study, the homogeneity of the GM scale was low, and this may have 

affected the ability of the study to detect significant findings. Preliminary data in other samples 

demonstrated adequate homogeneity, so the low homogeneity for the scale in the present study 

could reflect that youth in this sample exhibited some GM traits but not others. On the other 

hand, the CU traits scale may reflect a strength in that its focus on a wider variety of affective 

characteristics, such as meanness, may have facilitated our understanding of cortical asymmetry 

in psychopathy. 

 We also only used one-item measures of affect and vividness, which may not capture 

more nuanced information about participants’ experiences. However, other validated measures of 

affect involve answering questions regarding several different emotions. One concern with using 

these measures is that the process of labeling the emotions that go with a story might serve as an 

emotional processing exercise for the participants. Moreover, anticipating questions about 

specific emotions may lead youth to more deeply process the emotional content of the stories 

than they would otherwise. Therefore, having short, simple questions about emotional experience 

appeared best. Much for the same reasons, we used only a single-item vividness rating for each 

story so that the rating process itself did not influence how youth think about the stimuli. 

 Finally, the instructions for increasing and decreasing emotions did not provide detail on 

how youth were supposed to regulate their emotional responses. The instructions generally 

suggested that youth were to try to increase their emotional responding through more thoroughly 

imagine themselves in the situations presented and to decrease their emotional responding 

through suppressing their emotions. Therefore, it could be the case that youth high in 
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psychopathy may show differences in their ability to up or down-regulate emotional responding 

if they are given more specific instructions regarding how to do so.  

Conclusion and Implications 

 This study lends further support to theories and prior research that youth high in 

psychopathy and in CU traits, especially as characterized as the PSCD, experience blunted fear 

and sadness responses and may be especially sensitive to reward. The results suggest that when 

treating youth with conduct problems who are high in psychopathic traits, capitalizing upon this 

reward sensitivity and incentivizing positive behaviors may be especially important. Providing 

rewards and helping youth to understand the benefits of engaging in positive behavior may be 

useful in addition to having negative consequences for problem behaviors. Furthermore, youth 

high in CU traits as characterized by the PSCD appeared capable of modulating their emotional 

responding when instructed. This finding supports prior work suggesting that directing the 

attentional resources of people high in psychopathy to emotional stimuli can counteract their 

difficulties with processing these stimuli (e.g. Smith & Lilienfeld, 2015). Therefore, the current 

study’s findings may suggest that interventions to counteract emotional processing abnormalities 

among youth high in PSCD CU traits may be useful. For instance, they could be instructed to 

pay close attention to and to better recognize their own fear and sadness responses. Doing so 

may allow youth high in psychopathy to experience negative emotional experiences at a more 

typical intensity, and these experiences may in turn facilitate more complex emotions such as 

guilt and empathy. As far as other psychopathy dimensions, it does not appear that GM traits, DI 

traits, or CD symptoms are strongly related to FAA. The correlation between CD symptoms and 

resting asymmetry was moderately sized, but as effect sizes are often inflated in small samples, 

this correlation should still be interpreted with caution. GM, DI, and CD symptoms may 
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therefore be strongly influenced by both approach and withdrawal motivation in general and in 

response to emotional stimuli.  

 Finally, this study provides a framework for future research on FAA in psychopathy. 

Future research using larger samples and other measures of psychopathy could seek to further 

examine how FAA differentially relates to psychopathy dimensions. Further research could also 

examine whether FAA abnormalities relate to psychopathy in other tasks that involve emotional 

processing, such as moral reasoning. 
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APPENDICES 
 

Appendix A 
 

Emotion and Vividness Questions 
 

How much emotion did you feel while you were listening to that story? 
 
 0 1 2 3 4 5 6 7 8 9 10 
(None at all)          (A lot) 
 
 
How vividly did you experience that situation while you were listening to it? Or, in other words,  

  how much did you feel like you were actually there in the situation and could visualize it   

  happening while you were listening? 

 0 1 2 3 4 5 6 7 8 9 10 
(Not at all)          (A lot) 
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