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ABSTRACT 

In contrast with research on community samples, which shows consistent evidence of reduced P3 

brain potential amplitude in individuals with externalizing problems including impulsive and 

aggressive-antisocial tendencies, findings from studies of the association between P3 amplitude 

and psychopathy in incarcerated samples have been mixed. Psychopathy, as measured by Hare’s 

(2003) Psychopathy Checklist-Revised (PCL-R), includes separable affective-interpersonal and 

impulsive-antisocial components. Recent research has demonstrated a close and selective link 

between impulsive-antisocial features of PCL-R psychopathy and externalizing psychopathology 

and traits. The present study sought to extend upon previous research by assessing differential 

relations between the separable features of PCL-R psychopathy and P3 event-related potential 

amplitude in a sample of male prisoners (N = 154). EEG was recorded from 53 scalp sites while 

participants completed a three-stimulus visual oddball task in which schematic heads served as 

targets, simple ovals as non-targets, and emotional and neutral pictures as novel stimuli. As 

predicted, P3 amplitude reductions for target and novel task stimuli were specifically related to 

impulsive-antisocial features of psychopathy and were unrelated to affective-interpersonal 

features, and further, reductions were maximal at anterior (fronto-central) scalp recording sites. 
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INTRODUCTION 

 The syndrome of psychopathy has clear theoretical and empirical associations with 

aggressive, violent, and antisocial behavior and has been targeted as a construct in studies 

investigating structural and functional brain abnormalities associated with such behaviors. 

Theoretical perspectives on psychopathic and antisocial behavior (e.g., Blair, 2005; Ishikawa & 

Raine, 2003; Kiehl, 2006) have emphasized the role of abnormalities in frontal brain systems 

governing cognitive and affective processes—implying that reduced amplitude of the P3 event-

related potential (ERP) response in psychopathic and antisocial individuals should be frontally-

based. However, findings regarding associations between reductions in amplitude of the P3 brain 

potential abnormalities and psychopathy have been mixed (Gao & Raine, 2009). While some 

studies have found evidence for negative associations between P3 amplitude and psychopathy 

over central and parietal scalp recording sites (Kiehl, Bates, Laurens, Hare, & Liddle, 2006; 

Kiehl, Hare, Liddle, & McDonald, 1999; Kiehl, Smith, Hare, & Liddle, 2000), others have found 

evidence for positive (Raine & Venables, 1988) and null associations (Jutai, Hare, & Connolly, 

1987). However, there is accumulating evidence suggesting psychopathy is a heterogeneous 

construct reflecting the confluence of multiple trait dispositions—rather than a unitary 

syndrome—which may in part account for these discrepant findings (Patrick & Bernat, 2009). In 

particular, Patrick and Bernat (2009) recently proposed a Two-Process Theory (see also Fowles 

& Dindo, 2006) in which two etiologically distinct factors with separable neurobiological 

substrates are hypothesized to underlie psychopathy: 1) an affective-interpersonal factor 

involving deficient fear reactivity in response to aversive and distressing cues, and 2) an 

impulsive-antisocial externalizing factor reflecting deficient impulse control and antisocial 

behavior. The present study seeks to address noted gaps in the existing literature (Gao & Raine, 

2009) including evaluating relations between psychopathy and P3 amplitude by examining the 

contributions of distinct factors of psychopathy in the prediction of frontally-based P3 amplitude. 

Specifically, the present study will utilize a variant of the classic frequent/infrequent (“oddball”) 

task (Polich, 2007) designed to examine the processing of task-relevant visual target stimuli and 

incidental novel stimuli consisting of neutral and emotional scenes in relation to separable 

factors of psychopathy in order to their differing contributions to P3 amplitude variations. 
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Incarcerated offenders were included as study participants due to the high base rate of 

psychopathy and antisocial behavior in this population. 

Psychopathy and P3 Brain Potential Amplitude 

Several studies have investigated relations between psychopathy and amplitude of the P3 

(P300) event-related potential (ERP) response.1 The P3 is the predominant positive deflection of 

an ERP waveform time-locked to an attended stimulus, and tends to have maximal amplitude 

over parietal scalp recording sites. The best-known variant of the P3 is the oddball-target P3, 

evoked by infrequent, task-relevant events in a stimulus sequence. The term “P3b” is sometimes 

used for this frequency-sensitive variant, which is theorized to reflect later attentional and 

memory processing (Polich, 2007). This variant of the P3 has a posterior scalp distribution; its 

likely neural generators include temporal and parietal cortices (Dien, Spencer, & Donchin, 2003; 

Polich, 2007). The target P3 is known to reliably habituate and decrease in amplitude across 

blocks of trials within an experimental session (Romero & Polich, 1996) 

Another variant of the P3 is the “novelty P3” (Courchesne, Hillyard, & Galambos, 1975) 

or “P3a” (Squires, Squires, & Hillyard, 1975), which occurs in response to unexpected rare non-

target stimuli in a sequence within three-stimulus or “novelty” oddball tasks. This variant of the 

P3 has been conceptualized as a neural indicator of attentional orienting (Courchesne et al., 

1975; Polich 2007; Squires et al., 1975). The scalp topography of the novelty P3 shifts from 

being maximal at posterior scalp sites to central and anterior sites as the target/novel 

discrimination becomes more difficult, presumably owing to increased attentional demands 

(Polich, 2007). Consistent with this, investigations of patients with focal lesions in frontal brain 

regions (Knight, 1984; Knight, 1997), data from dense-array ERP source localization studies 

(Dien et al., 2003), and functional magnetic resonance imaging studies (Yamaski, LaBar, & 

McCarthy, 2002; Fichtenholtz, Dean, Dillon, Yamaski, McCarthy, & LaBar, 2004) point to an 

important direct role of anterior brain regions (i.e., prefrontal and anterior cingulate cortices) in 

the allocation of attention to novel stimuli (Polich, 2007). 

 A number of published studies have compared target P3 amplitude between groups of 

offenders classified as psychopathic and nonpsychopathic using conventional cutoffs on global 

psychopathy scores to define groups. A series of studies by Kiehl and colleagues (1999, 2000, 

2006) have investigated the relationship between total psychopathy scores and P3 amplitude. 

Kiehl et al. (1999) found that psychopaths exhibited smaller target P3 amplitude than 
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nonpsychopaths over central and parietal recording sites during a visual oddball task. 

Subsequently, Kiehl and colleagues (2000) investigated psychopathy/P3 associations by utilizing 

a visual Go/No-Go task, in which they found psychopaths showed smaller P3 to “Go” compared 

to “No-Go” stimuli over anterior scalp recording sites, whereas nonpsychopaths displayed the 

inverse pattern. More recently, Kiehl et al. (2006) compared novel and target P3 in psychopathic 

and nonpsychopathic individuals who completed an auditory novelty oddball paradigm that 

consisted of infrequent target, frequent non-target, and infrequent novel tones as stimuli. Kiehl et 

al. (2006) presented data from two separate samples, and found evidence in one sample for 

psychopaths exhibiting reduced novel and target P3 over midline recording sites when compared 

to the nonpsychopath group. They found novel P3 reductions for psychopaths over lateral scalp 

recording sites in addition to midline sites.  

 As previously noted, findings are mixed regarding associations between psychopathy and 

P3 amplitude. For example, Jutai et al. (1987) did not find reliable differences in P3 amplitude 

between psychopaths and nonpsychopaths who completed single- and dual-task speech 

identification oddball paradigm. Raine & Venables (1988) compared P3 amplitude in 

psychopathic and nonpsychopathic offenders (defined by median split on overall psychopathy 

scores) who completed a continuous performance task. In contrast to later findings by Kiehl and 

colleagues (1999, 2000, 2006), Raine and Venables (1988) found evidence that the psychopathic 

group exhibited enhanced P3 over parietal recording sites (only two parietal and two temporal 

scalp recording sites were included in the study). 

 Whereas associations between psychopathy and P3 amplitude in offender samples have 

been mixed, research on community samples show consistent reductions in P3 amplitude in 

individuals broadly characterized as exhibiting disinhibitory traits and behaviors. Iacono, 

Malone, McGue (2003) have reported empirical findings suggesting that a biologically-based 

underlying vulnerability factor (externalizing) may accounts for observed comorbidity amongst 

antisocial-aggressive behavior and substance use disorders. Iacono et al. (2003) hypothesized 

that P3 amplitude reduction indexes the genetically transmitted vulnerability towards a spectrum 

of disinhibitory traits and behaviors that includes impulsivity, aggression, antisocialility, and 

substance use. Further support for this hypothesis was provided by findings indicating reductions 

in varying types of impulse-related problems—including child and adult antisocial deviance 

along with problems involving alcohol and other drugs (Justus, Finn, & Steinmetz, 2001; Patrick, 
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Bernat, Malone, Iacono, Krueger, & McGue, 2006). Consistent with this idea, recent work has 

demonstrated a heritable basis to the relationship between diminished P3 amplitude and 

externalizing propensity as defined by levels of disorder symptoms (Hicks, Bernat, Malone, 

Iacono, Patrick, Krueger, & McGue, 2007). 

 A number of potential moderating variables have been described to account for the 

discrepant findings regarding psychopathy and P3 amplitude associations (Kiehl et al., 2006; 

Gao & Raine, 2009). Differences in the experimental paradigms used and task demand 

characteristics may in part account for the heterogeneity in findings. In their recent meta-

analysis, Gao and Raine (2009) found a moderating effect of experimental task procedure on the 

association between P3 amplitude and antisocial-psychopathic tendencies defined more broadly 

than psychopathy per se. In general, findings were more reliable for oddball paradigms than for 

other task procedures (including Go/No-Go, Stroop, continuous performance, and conditioning 

paradigms). In addition, the aforementioned studies of psychopathy and P3 relied exclusively on 

global psychopathy scores in analyses. As discussed further below, there is accumulating 

evidence that psychopathy is a dimensional, heterogeneous construct rather than a unitary 

diagnostic syndrome. As noted by Carlson, Thái, and McLaron (2009), PCL-R factor scores in 

the series of studies by Kiehl et al. (1999, 2000, 2006) were more highly correlated (r = .83-.86) 

than expected (~ .5; Hare, 2003), which may have impacted the ability to detect unique 

contributions of psychopathy dimensions in the prediction of P3. To test the hypothesis that 

separable dispositional traits underlying psychopathy may relate differentially to P3 amplitude, 

Carlson et al. (2009) evaluated P3 amplitude in an undergraduate sample that were administered 

a self-report measure of psychopathy designed for use in non-incarcerated samples, the 

Psychopathic Personality Inventory (PPI; Lilienfeld & Andrews, 1996). Carlson et al. (2009) 

reported a negative association between the Self-Centered Impulsivity factor of the PPI and P3 

over frontal recording sites, whereas the PPI Fearless Dominance factor of psychopathy was 

related to faster reaction times, but unrelated to P3 amplitude. While informative regarding the 

potential for separable components of psychopathy being differentially related to P3, the Carlson 

et al. (2009) study focused on a predominately female, unselected undergraduate sample that 

would be expected to exhibit a limited range of psychopathic tendencies. By contrast, studies 

previous to this have relied exclusively on samples of incarcerated male prisoner samples older 

on average than the undergraduate sample examined by Carlson et al. (2009). 
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Heterogeneity of Psychopathy 

 Hare’s (2003) Psychopathy Checklist-Revised (PCL-R) is the most widely used 

instrument for assessing psychopathy in correctional and forensic settings. The PCL-R indexes 

characteristic features of psychopathy through 20 items scored on the basis of a diagnostic 

interview and review of institutional archival records. Factor analytic work on the structure of 

the PCL-R has yielded evidence suggesting two (Harpur, Hare, & Hakstian, 1989), or 

alternatively three (Cooke & Michie, 2001) or four (Hare, 2003; Hare & Neumann, 2006) 

distinguishable dimensions underlying PCL-R scores. Although there is accumulating evidence 

for the discriminant validity of PCL-R scores based on three (Hall, Benning, & Patrick, 2004) 

and four (Kennealy, Hicks, & Patrick, 2007; Hare & Neumann, 2006) factor models, most 

research to date examining the validity of separable psychopathy dimensions has focused on the 

two-factor model (Harpur et al., 1989). PCL-R Factor 1 reflects the core affective-interpersonal 

traits of psychopathy including PCL-R items such as callous/lacks empathy, deficient depth and 

breadth of emotional experience, failure to accept responsibility for actions, glibness and 

superficial charm, grandiosity, pathological lying, and conning/manipulativeness. Factor 2 

reflects an impulsive-antisocial factor that includes PCL-R items such as chronic impulsive and 

irresponsive behavior, failure to conform a life plan, stimulation seeking, poor behavioral 

controls, and antisocial behavior beginning in childhood and continuing into adulthood.  

 The Two-Process Theory of psychopathy (Patrick & Bernat, 2009; see also Dindo & 

Fowles, 2006) is a theoretical account of the observed phenotypic variability of psychopathy 

intended to reconcile contrasting and in some cases contradictory findings in the literature. In 

support of the view that psychopathy is not a unitary construct and that separable dimensions 

underlie the construct, PCL-R Factor 1 and Factor 2 exhibit notable divergent relations with 

external criterion variables of differing types. For example, Hicks and Patrick (2006) found that 

Factor 1 specifically is negatively associated trait measures of fearfulness and negative 

emotionality, whereas Factor 2 is positively associated with these features. Research suggests 

that high Factor 1 scores, in particular variance that does not overlap with Factor 2, is associated 

with adaptive personality traits including social dominance (Harpur et al., 1989; Verona, Patrick, 

& Joiner, 2001), achievement (Verona et al., 2001), and positive affect (Patrick, 1994). A key 

aspect of the Two-Process Theory is that the heterogeneity in psychopathy can be accounted for 

by separable trait dispositions that reflect distinct neurobiological systems. Patrick, Bradley, and 
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Lang (1993) found variance in Factor 1 that is unique from Factor 2 is associated with reduced 

fear-potentiated startle blink reflex, suggesting deficits in defensive neurobiological systems 

including the amygdala. The findings that reduced fear-potentiated startle blink reflex is 

specifically associated with Factor 1 has been replicated in other studies using offender 

(Vaidyanathan, Hall, Patrick, Bernat, 2011) and community samples (Vanman, Mejia, Dawson, 

Schell, & Raine (2003). Along similar lines, Benning, Patrick, and Iacono (2005) found evidence 

that the Fearless Dominance factor of the PPI (analogous to Factor 1 of the PCL-R) is associated 

with reduced fear-potentiated startle. 

 Whereas PCL-R Factor 1 appears to be associated with some adaptive personality traits 

as well as with deviant tendencies of some kinds, Factor 2 appears to be associated more 

predominantly with maladaptive traits and behaviors such as anger and hostility (Hicks & 

Patrick, 2006), impulsivity (Kennealy et al., 2007; Verona et al., 2001), disinhibitory traits 

(Venables & Patrick, 2012), and suicidality (Verona et al., 2001). Factor 2 also appears to be 

uniquely predictive of persistent criminal deviance (Hare, 2003; Harpur et al., 1989; Verona et 

al., 2001) and substance use (Taylor & Lang, 2006). As previously described, variance in 

common between antisocial-aggressive behavior and substance use disorders is thought to reflect 

a highly heritable (>80%) underlying vulnerability (externalizing) towards phenotypic 

expressions of aggressive and disinhibited behaviors (Krueger et al., 1999; 2002). Patrick and 

colleagues (2005) operationalized externalizing as the common variance amongst child and adult 

forms of antisocial behavior, substance use disorders, and a personality dimension reflecting 

dysconstraint and found it was uniquely and highly (.94) predictive of Factor 2 scores. 

Current Study Aims and Hypotheses 

 The major objective of the present study was to clarify mixed findings regarding 

associations between psychopathy and amplitude of the P3 brain potential response. The current 

study is the first to evaluate the distinctive contributions of separable dimensions of PCL-R 

psychopathy to reductions in P3 amplitude, and to delineate the topography of P3 amplitude 

reduction in an incarcerated sample. Specifically, the affective-interpersonal and impulsive-

antisocial features of psychopathy were assessed using the PCL-R in a sample consisting of 

incarcerated prisoners, and their distinctive contributions to prediction of P3 response to task-

relevant target stimuli and novel stimuli will be evaluated in a three-stimulus visual oddball task 

that also included more frequently occurring non-target stimuli. It was hypothesized that P3 
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amplitude reductions for target and novel task stimuli will be specifically related to impulsive-

antisocial features of psychopathy and would be unrelated to affective-interpersonal features, and 

that reductions would be maximal at anterior (fronto-central) scalp recording sites. 
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METHOD 

Participants 

Study participants were 154 male prisoners from a medium-security state correctional 

facility in Minnesota who met the following criteria: no current major mental disorder (i.e., 

schizophrenia, Bipolar I) as determined from questions pertaining to mental health history on a 

brief pre-test screening questionnaire and information contained in prison file records, 

competency in English, free from visual or hearing impairments, and no imminent release date. 

The mean age of the sample was 32.1 years (SD = 7.8, range = 21-54). The racial composition 

was as follows: Caucasian, 61.9%; African American, 12.9%; Hispanic, 7.1%; Native American, 

3.2%; Asian, 1.9%; mixed race, 4.5%; other, 5.8%. All participants provided informed written 

consent prior to study participation. 

 Data for the current study were collected as part of a larger, three-session assessment 

protocol. Diagnostic instruments including the PCL-R were administered in the initial two 

sessions of testing; the physiological testing session was completed in the third session. 

Participants received a payment of $10 for each session of testing, deposited into their 

institutional account. Appropriate Institutional Review Boards (IRB) including both the prison 

and University IRBs approved the study procedures. 

 The PCL-R interviews were videotaped so that independent raters could perform 

secondary ratings on a subset (49%) of these interviews. Interviewers and secondary raters were 

clinical psychology graduate students or advanced undergraduate psychology majors trained 

extensively in concepts pertaining to psychopathy, and in specific procedures for the PCL-R 

diagnostic assessments. Absolute-agreement intraclass correlation coefficients were computed to 

evaluate inter-rater reliability of the PCL-R psychopathy scores. 

Measurement of Psychopathy 

 The Psychopathy Checklist Revised (PCL-R; Hare, 2003) was developed to assess 

criminal psychopathy in forensic settings. Its 20 items are scored on the basis of data from a 

semi-structured interview in conjunction with information derived from collateral sources (i.e., 

institutional file records). The items of the PCL-R are viewed as having a hierarchical 

organization (Hare & Neumann, 2006), in which items comprising its affective-interpersonal 

(Factor 1) and antisocial deviance (Factor 2) components can be further subdivided into facets 
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reflecting social guile and manipulativeness (Interpersonal facet), callous-unemotionality 

(Affective facet), impulsive-irresponsible tendencies (Lifestyle facet), and antisocial behaviors 

(Antisocial facet). Scores for the PCL-R as a whole were computed for each participant, along 

with scores on its two broad factors and four lower-order facets. Interrater reliabilities of scores 

for the subset of study participants (49%) evaluated by independent diagnosticians were as 

follows: PCL-R total scores, .88; Factor 1, .81; Factor 2, .85; Interpersonal facet, .80; Affective 

facet, .75; Impulsive/Reckless Lifestyle facet, .74; Antisocial facet, .82. Values of Cronbach’s a 

for these scores in the entire current sample were as follows: PCL-R total, .80; Factor 1, .82; 

Factor 2, .57; Interpersonal facet, .72; Affective facet, .76; Impulsive/Reckless Lifestyle facet, 

.58; Antisocial facet, .51. 

Experimental Stimuli and Task 

The current study employed a 3-stimulus visual oddball paradigm. Specifically, the task 

is a modified version of the ‘rotated-heads’ oddball task designed by Begleiter, Porjesz, Bihari, 

and Kissin (1984), in which affective photographic stimuli will be included as the third (novel) 

stimulus category. Simple oval shapes served as the frequent non-target (standard) stimuli, which 

comprised 70% (N = 168) of the total stimuli presented. The target stimuli were schematic heads, 

each consisting of the same oval shape accompanied by a stylized nose and ear (15% of all 

stimuli presented, N = 36). For each target trial, the task was to press the left or right button on a 

button-box, with either the left or right hand respectively, to indicate whether the ear was on the 

left or right side of the head. For 18 of the targets (50% of target trials), the nose was pointed up. 

For the other 18 targets, the nose was pointed down, requiring that participants discern, for 

example, that the ear was on the right side of the head even though it was on the left side of the 

screen, and vice versa. Participants were required to achieve 85% accuracy during a practice 

session (including only target and non-target stimuli) before commencing the test session.  

The novel stimuli were pleasant, neutral, and unpleasant pictures selected from the 

International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2008).2  IAPS 

pictures, comprising 15% (N = 36) of the total stimulus set, were randomly interspersed 

throughout the task. Pleasant pictures included action (e.g. skydiving, river rafting) and erotic 

scenes (e.g. opposite-sex nude individuals and intimate couples). Unpleasant contents included 

scenes of victimization (e.g. acts of aggression, physical brutality, and combat) and scenes of 
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threat (e.g. pointed guns, looming attackers). Neutral pictures consisted of scenes of inactive 

people, neutral human faces, household objects, and kitchen utensils.3 

Stimulus Delivery and Recording Procedure   

Stimuli were presented using an IBM-compatible computer running E-Prime (MEL 

Software, Inc). During the experiment, participants viewed the stimuli on a 21” computer 

monitor while seated in a comfortable recliner, and made responses using a serial response box. 

The monitor was situated 1 m from participants’ eyes, and the response box was positioned on 

their laps. All task stimuli (ovals, target heads, and novel pictures) were displayed within a 

rectangular frame, filled with dark gray, which appeared against a black background. The frame 

size was 5 x 6.67 degrees visual angle (height x width; 223 pixels x 297 pixels respectively on a 

1024 x 768 bitmap image). Oval and head stimuli were displayed within this frame at a 3.75 x 

3.50 degrees visual angle (height by width; 169 pixels by 152 pixels), while IAPS picture stimuli 

filled the frame. Stimuli were presented for 100ms each, with a variable intertrial interval of 

between 1.5 and 3.0 s. Picture presentation was counterbalanced across participants using 12 

different stimulus orders, in which the presentation of oval, target head, and novel stimuli was 

randomized with constraints (i.e., no more than four oval stimuli appeared consecutively, no two 

target types appeared consecutively, and no two novels appeared consecutively). Data 

acquisition was coordinated by a second IBM-compatible computer with Neuroscan amplifiers 

and software (Neuroscan, Inc.).  

Physiological Measurement and Data Reduction  

 ERP activity was recorded from 53 scalp sites (AF3, AF4, AFz, C1, C2, C3, C4, C5, C6, 

CP1, CP2, CP3, CP4, CPz, Cz, F1, F2, F3, F4, F5, F6, F7, F8, FC1, FC2, FC3, FC4, FCz, FP1, 

FP2, FPz, FT7, FT8, Fz, O1, O2, Oz, P1, P2, P3, P4, P5, P6, P7, P8, PO3, PO4, POz, Pz, T7, T8, 

TP7, TP8) using Neuroscan Quik-Caps with sintered Ag-AgCl electrodes. Electrodes were 

positioned above and below the left eye to monitor vertical electrooculogram (VEOG) activity. 

All electrode impedances were kept below 10K Ohms. EEG signals were digitized on-line at 

1000Hz during data collection with an analog band pass filter of .05-200 Hz. Data were 

referenced to electrode site Cz during on-line data collection, and off-line were arithmetically re-

referenced the average of left and right mastoid electrodes for subsequent processing and 

analysis. Data epochs from –1000 ms to 2000 ms were extracted from the continuous EEG 

recordings using Neuroscan EDIT software (version 4.3, Neuroscan Inc.), and corrected for eye 
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movements using the algorithm developed by Semlitsch, Anderer, Schuster, and Presslich 

(1986), as implemented within the EDIT software. The epoched and eye-blink corrected EEG 

data were then imported to Matlab (Mathworks, Inc.) for subsequent data processing, including 

resampling to 128 Hz using the Matlab resample command (which applies a low pass anti-

aliasing filter before downsampling). Trials in which activity exceeds a range of +/- 75 µV, 

relative to a 500 ms baseline, were excluded from further processing. Data were then averaged 

within the three stimulus conditions of interest (target heads, novel pictures), in addition to the 

frequently occuring non-target oval (standard) stimli. To evaluate the time-course of P3 effects, 

data were averaged separately (within stimulus conditions) for trials occurring during the first 

and second half of the experimental task. Using the grand average across participants to guide 

window selection, target/standard P3 amplitude and the shorter latency P3 for novel picture 

stimuli were defined as the maximum value between 250-602ms, and 250-555ms, respectively. 

Data Analyses 

 Statistical analyses focused on nine electrodes (F3, Fz, F4, C3, Cz, C4, P3, Pz, P4) that 

are equally positioned across the scalp, thus allowing for topographical factors to be included in 

repeated measures ANOVA analyses, which were conducted to evaluate effects of Stimulus 

Type (standard, target, novel), Frontality (anterior, central, posterior), Laterality (left, midline, 

right), and Block (first, second half) on P3 amplitude in addition to P3 relations with PCL-R 

psychopathy scores. All analyses incorporated P3 amplitude as a continuous dependent measure, 

which was square root transformed to reduce skewness. Repeated measure ANOVA statistics 

were Greenhouse-Geiser adjusted and reported p values will represent the adjusted statistic. 

Partial eta square (ηp
2) values are reported as an index of effect size. 

To avoid redundancy in presentation, findings from an initial four-way, Stimulus Type x 

Frontality x Laterality x Block, repeated measures ANOVA was conducted to document main 

effects for these basic within-subjects variables as well as their interaction. This was followed by 

a repeated measures ANOVAs, in which PCL-R Factor 1 and Factor 2 were included as a 

continuous between-subjects factor along with the above-noted within-subjects factors in the 

prediction of P3 response amplitude, controlling for variance in common. Given primary 

hypothese concerned the target and novel stimulus type, a second repeated measures ANOVA 

was conducted in which Stimulus Type was included as a two-level factor (novel, target), along 

with Frontaility and Block within-subjects factors, and PCL-R Factor 1 and Fcotor 2 scores were 
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entered as between-subjects predictors. Based in findings from the initial tests in which Factor 1 

and Factor 2 scores were entered as predictors of P3 ampllitde, a final set of analyses were 

undertaken to evaluate the contribution of PCL-R facet scores that comprise Factor 2 (Lifestyle, 

Antisocial) in the prediction of P3 amplitude, while controlling for variance in common with 

Factor 1 scores. 
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RESULTS 

Overall Sample Effects 

In the initial four-way repeated measures ANOVA, significant main effects (p<.001) 

were evident for all independent variables: Stimulus Type, F(2,153) = 1319.4, ηp
2 = .90; 

Frontality (Frontal, Central, Parietal), F(2, 153) = 113.4, ηp
2 = .42; Laterality (Left, Midline, 

Right), F(2, 153) = 149.8, ηp
2 = .50; and Block (first half, second half), F(1, 153) = 30.2, ηp

2 = 

.16. Planned contrasts for the first three of these variables revealed that P3 amplitude was: (1) 

somewhat larger on average for novel stimuli than target stimuli (Ms = 24.73 and 19.48, 

respectively), and markedly smaller for frequently-occurring oval stimuli (M = 11.44) than for 

target or novel stimuli; (2) larger at parietal sites than at central or frontal sites, and larger at 

central than at frontal sites; and (3) larger at midline sites than at lateral sites, and larger at right 

versus left lateral scalp sites. The main effect for the fourth independent variable, Block, 

reflected greater amplitude of P3 on average in the first half of the task as compared to the 

second half.  

The following interaction effects also emerged as significant in this initial omnibus 

analysis: Frontality x Stimulus Type x Block, F(4,153) = 5.01, p = .003, ηp
2 = .03; and Frontality 

x Laterality x Stimulus Type x Block, F(8,153) = 2.24, p = .035, ηp
2 = .014. The second of these 

interactions, which superseded the first, was parsed by conducting separate three-way (Frontality 

x Laterality x Block) ANOVAs for each stimulus type. These follow-up analyses revealed trend-

level three-way interactions for novel and standard stimuli, Fs(4,153) = 2.30 and 2.16, 

respectively, ps = .06 and .086 (but not targets, F = 1.04,  p = .38), which were parsed in turn by 

evaluating Frontality x Block interactions within left and right hemispheres for each of these 

stimulus types. The novels overall produced greater P3 amplitude during the second half of the 

task when compared to the first, F(1,153) = 23.99, p < .001, ηp
2 = .136, which was in the 

opposite direction of the Block effect across all three stimulus types. Contrasting Frontality x 

Block effects were evident for the left versus the right hemisphere for novels, with P3 amplitude 

significantly greater at the parietal site (compared to the frontal and central) in the second half of 

the task when compared to the first in the left hemisphere, F(1,153) = 12.07, p < .001, ηp
2 = 

.073, but not in the right hemisphere, F(1,153) = 3.01, p > .85. In the case of standard stimuli, a 

significant Frontality x Block interaction was evident within the left hemisphere only, F(2,153) = 
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4.61, p = .02, ηp
2 = .029 (F for right hemisphere = 2.53, p = .10), indicating a relatively smaller 

block effect at the left frontal site, F(1,153) = 40.82, p < .001, ηp
2 = .211, which was more 

pronounced at the central F(1,153) = 95.68, p < .001, ηp
2 = .385, and parietal sites F(1,153) = 

86.66, p < .001, ηp
2 = .362. However, in neither case (standards and novels) did the Frontality x 

Block effect interact with scores on the two factors of the PCL-R; thus, to simplify reporting of 

findings from analyses of psychopathy effects in the next section, data were collapsed across 

midline and lateral recording sites to form a composite Frontality factor (i.e., overall frontal 

versus central versus parietal). 

Associations of Psychopathy Factors with P3 Response Amplitude 

Analyses of psychopathy effects focused on P3 response task stimuli at more anterior 

(frontal, central) as compared to posterior (parietal) scalp sites. An omnibus repeated measures 

ANOVA was first conducted in which continuous scores on the two PCL-R factors (Factor 1, 

affective-interpersonal; Factor 2, impulsive-antisocial) were entered as between-subjects 

predictors of P3 amplitude, alongside within-subjects factors of Stimulus Type (target, novel, 

standard), Frontality (frontal, central, parietal), and Block (first, second half). Scores on the two 

PCL-R factors were entered together in this analysis to evaluate their distinctive contributions to 

prediction of P3 amplitude (i.e., contribution of Factor 2 while controlling for scores on Factor 1, 

and vice-versa), vis-à-vis our major study hypothesis that decrements in P3 amplitude would be 

associated selectively with elevations on Factor 2.  

Consistent with prediction, a main effect of Factor 2 emerged in this analysis, F(1,151) = 

3.92, p = .049, ηp
2 = .03, with no corresponding main effect for Factor 1 F(1,151) < 1, p > .41, 

ηp
2 = .004. A two-way Factor 2 x Block interaction was also evident, F(1,151) = 7.14, p = .008, 

ηp
2 = .05, reflecting a more pronounced negative association between Factor 2 and P3 amplitude 

in the second half of the task as compared to the first when controlling for the influence of Factor 

1 (partial rs = -.22 and -.09, respectively).4  A Factor 2 x Stimulus Type x Frontality interaction 

also emerged in this analysis, F(4,151) = 2.84, p = .042, ηp
2 = .02, which was decomposed by 

performing Factor 2 x Frontality ANOVAs separately for each stimulus type. These follow-up 

analyses revealed a significant Frontality x Factor 2 interaction for novel picture stimuli, 

F(2,151) = 3.50, p = .05, ηp
2 = .023—reflecting (per planned contrasts) a greater Factor 2/P3 

association at combined frontal/central sites than at parietal sites (partial rs = -.14 and .01, 

respectively). This interaction was evident to a lesser (marginal) extent for target ‘head’ stimuli, 
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F(2,151) = 2.12, p = .14, but nonexistent for standard oval stimuli, F(2,151) < 1, p > .56. These 

results indicate that high scores on PCL-R Factor 2 were associated with reduced amplitude of 

P3 response to task stimuli as a whole, with the reduction greater during the second versus first 

half of task trials and, for novel stimuli in particular, more pronounced at anterior as compared to 

posterior scalp sites; as discussed in the next section, this latter effect (anterior > posterior) was 

accounted for primarily by the Antisocial facet of Factor 2. By contrast, scores on Factor 1 did 

not contribute distinctively to the prediction of P3 amplitude.  

Given the nature of our primary study hypotheses based on prior published work (cf. Gao 

& Raine, 2009), further analyses of effects for the two PCL-R factors, and their separable facets 

(Interpersonal, Affective; Lifestyle, Antisocial; see next subsection below), focused on P3 

responses to novel and target stimuli specifically. An ANOVA in which continuous scores on 

PCL-R Factors 1 and 2 were entered as predictors of P3 amplitude, along with a two-level 

Stimulus Type factor (novel, target), three-level Frontality (frontal, central, parietal), and two-

level Block (first half, second half) factors, revealed a significant Factor 2 x Block interaction, 

F(1,151) = 8.26, p = .005, ηp
2 = .052, reflecting a greater negative association between Factor 2 

and P3 amplitude in the second half of the task than in the first (partial rs = -.17 and -.02, 

respectively). In addition, a trend level Factor 2 x Frontality interaction was evident, F(1,151) = 

3.36, p = .059, ηp
2 = .022, reflecting a more robust negative relationship between Factor 2 and P3 

amplitude at frontal sites (r = -.16) compared with central and parietal sites (rs = -.09 and -.01), 

when controlling for Factor 1 scores. No corresponding effects were evident for Factor 1 (all 

ps>.10).  

Associations of Impulsive-Irresponsible and Antisocial PCL-R Facet Scores with P3 

Response Amplitude 

To further clarify the basis of observed relations between PCL-R Factor 2 scores and 

reduced P3 amplitude, we undertook additional analyses evaluating the contributions of 

distinguishable Antisocial behavior and impulsive-irresponsible Lifestyle facets of Factor 2 

(Hare, 2003; Hare & Neumann, 2008). Two separate repeated measures ANOVAs were 

performed in which scores on one or the other of these facets were included along with scores on 

PCL-R Factor 1 as between-subjects factors, and Stimulus Type (novel, target), Frontality 

(frontal, central, parietal), and Block (first, second half) were included as within-subjects factors. 

The analysis for Antisocial facet scores revealed a trend-level main effect for this facet in 
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predicting P3 amplitude, F(1,151) = 3.7, p = .056, ηp
2 = .024, which was moderated by recording 

site, such that the dampening effect of Antisocial facet scores on P3 amplitude was greater at 

anterior (frontal/central) as compared to Posterior (parietal) sites, F(1,151) = 3.98, p = .048, ηp
2 

= .026. Thus, the hypothesis that Factor 2-related reductions in P3 amplitude would be especially 

evident at anterior recording sites was borne out for the Antisocial facet of Factor 2 in particular, 

reflecting the aggressive-criminal features of PCL-R psychopathy.  

Figure 1 presents waveform plots for novel and target stimuli at representative midline 

recording sites (Fz, Cz, Pz) for offender participants scoring high versus low on the Antisocial 

facet of the PCL-R (upper and lower quartiles, respectively). As can be seen in Figure 1, 

participants scoring high on the Antisocial facet exhibited reduced P3 amplitude for both novel 

and target stimuli, and this effect was particularly pronounced at the frontal/central recording 

sites. The correlation between PCL-R Antisocial facet scores and P3 amplitude for target and 

novel stimuli at combined frontal/central scalp sites (after controlling for scores on PCL-R 

Factor 1) was -.19 (p = .02), as compared to -.05 (ns) for parietal sites.  

An interesting and complementary pattern of results emerged from the ANOVA in which scores 

on the Lifestyle facet of the PCL-R were included along with scores on Factor 1 as between-

subjects factors, and Stimulus Type, Frontality, and Block were included as within-subjects 

factors. While no main effect of Behavioral facet scores on P3 amplitude was observed, F(1,151) 

< 1, p > .92, significant Lifestyle x Block and Lifestyle x Stimulus Type x Block interactions 

were evident, Fs(1,151) = 6.18 and 4.78, respectively, ps = .014 and .03, ηp
2s = .039 and .031. 

Follow-up Lifestyle x Block analyses for each stimulus type (target, novel) revealed a 

moderating effect of block on the association for novel stimuli specifically, F(1,151) = 11.92, p < 

.001, ηp
2 = .073 (for target stimuli, F < 1), reflecting contrasting directional associations for 

Block 2 versus Block 1 (when controlling for scores on PCL-R Factor 1), rs = -.09 and .11, 

respectively, Steiger’s Z for the difference = -2.29, p = .02. This result indicates a shift, from 

earlier to later trials of the task, in the predictive relationship between scores on the PCL-R 

Lifestyle facet, reflecting impulsive-irresponsible (i.e., disinhibitory; Patrick, Fowles, & Krueger, 

2009) features of psychopathy, and amplitude of P3 response to unexpected novel stimuli. 
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DISCUSSION 

 Previous research has documented inconsistent findings with respect to relations between 

psychopathy and amplitude of the P3 brain potential response. This is hypothesized to reflect, in 

part, the fact that psychopathy is not a unitary syndrome, but rather a constellation of at least two 

separable dispositions: one reflecting relative deficient emotionality, interpersonal poise, and 

fearlessness, and the other, an impulsive, irresponsible, and antisocial lifestyle. In contrast with 

the findings for psychopathy per se, published studies have more consistently found reduced P3 

amplitude in relation to antisocial behavior more broadly (e.g., Gao & Raines, 2009) and 

disinhibitory psychopathology (Patrick et al., 2006). This observed pattern is consistent with the 

dual-process model of psychopathy (Fowles & Dindo, 2006; Patrick & Bernat, 2009), which 

posits that P3 amplitude deficits are connected to the impulsive-antisocial features of 

psychopathy as opposed to the affective-interpersonal features. The present study sought to test 

this hypothesis in a sample of incarcerated males by evaluating, for the first time, the differential 

contributions of the impulsive-antisocial (Factor 2) and affective-interpersonal (Factor 1) 

components of Hare’s (2003) PCL-R to prediction of P3 amplitude in a three-stimulus novelty-

oddball paradigm. 

 Consistent with a priori hypothesis, P3 amplitude across all task stimuli (target, novel, 

standard) in the current study was inversely related to scores on PCL-R Factor 2, and largely 

unrelated to scores on Factor 1. In general, this effect occurred more strongly during the second 

half of task trials as compared to the first. Additionally, the negative relationship between Factor 

2 and P3 response to novel stimuli (and, to a lesser degree, target stimuli) was significantly 

greater over anterior (fronto-central) recording sites as compared to posterior (parietal) sites. 

This result is consistent with theoretical perspectives on antisocial behavior that have 

emphasized the role of abnormalities in frontal brain systems governing cognitive and affective 

processes in impulsive-antisocial individuals (e.g., Blair, 2005; Ishikawa & Raine, 2003; Kiehl, 

2006). Indeed, we found evidence that high scores on the Antisocial facet of PCL-R Factor 2 in 

particular were predictive of reduced P3 amplitude over anterior recording sites. By contrast, the 

Lifestyle facet of PCL-R Factor 2, which reflects chronic impulsive-irresponsible behavior, 

accounted more for the finding that the Factor 2/P3 relationship (for novel stimuli in particular) 

was stronger in the second half of the task than the first. 
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Implications for Understanding Psychopathy and P3 Amplitude Associations 

 Results from the present study suggest that P3 amplitude reductions in criminal 

psychopathy are selectively related to impulsive-antisocial tendencies and are largely unrelated 

to affective-interpersonal features. This core finding is consistent with the dual-process model 

(Patrick & Bernat, 2009), which predicts that P3 amplitude reductions should be related to the 

features of psychopathy that overlap with externalizing tendencies, that is, disinhibitory traits and 

behaviors including impulsivity, problematic substance use, and persistent antisocial deviance. 

Previous studies evaluating reductions in amplitude of P3 in psychopathy have yielded mixed 

results (Gao & Raine, 2009). While some studies have found evidence for negative associations 

between psychopathy and P3 amplitude measured at central and parietal scalp recording sites 

(Kiehl, et al., 1999; 2000; 2006), other studies have reported evidence for positive (Raine & 

Venables, 1988) or null associations (Jutai et al., 1987).  

 The current work suggests that the source of these inconsistent findings may lie in 

differential relations of distinguishable facets of psychopathy with P300 brain response. 

Mirroring the current findings, Carlson et al. (2009) found P3 amplitude to be inversely related 

to impulsive-antisocial scores, but unrelated to scores reflecting affective-interpersonal features, 

on a self-report psychopathy measure (PPI). While informative regarding the potential for 

separable components of psychopathy being differentially related to P3, the Carlson et al. (2009) 

study focused on a predominately female, unselected undergraduate sample that would be 

expected to exhibit a limited range of psychopathic tendencies. By contrast, studies previous to 

this have relied exclusively on samples of incarcerated male prisoner samples that were older on 

average than the undergraduate sample examined by Carlson et al. (2009). The present study was 

the first to utilize an incarcerated sample comparable in age to previous prisoner samples (e.g., 

Jutai et al., 1987, Kiehl et al., 1999; 2000; 2006; Raine & Venables, 1988) and provide further 

evidence that distinctive components of psychopathy are differentially related to P3 amplitude 

(cf. Carlson et al., 2009). 

 In addition to finding PCL-R Factor 2 scores as a whole to be inversely related to P3 

amplitude across task stimuli, interaction effects were evident indicating greater reduction of P3 

at anterior as compared to recording sites for novel stimuli and (to a lesser degree) target stimuli, 

and stronger reductions in the second half of the task as compared to the first for task stimuli in 

general. Follow-up analyses sought to clarify the basis of these interaction effects by examining 
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relations for separable facets of Factor 2.  One interesting result emerging from analyses in 

which either the Antisocial or Lifestyle facet of the PCL-R was included as a predictor of P3 

amplitude (while controlling for scores on Factor 1) was that the Antisocial facet accounted for 

reductions in P3 amplitude for target and novel stimuli over anterior scalp sites in particular. The 

Antisocial facet reflects chronic antisocial behaviors, including evidence of serious behavioral 

problems occurring before the age of 12 years old, criminal charges or convictions as a juvenile, 

history of revocation of parole/probation, and a history of violence and aggression. Our results 

suggest that, within an offender sample, a history of antisocial behaviors reflecting criminality 

and violence/aggression is predictive of anterior deficits as reflected by reduced P3 amplitude. 

These results are consistent with theory and research indicating disruption of frontal brain 

functions critical for cognitive processing and affect regulation in antisocial-aggressive violent 

individuals (e.g., Blair, 2005; Davidson, Putnam, & Larson, 2000; Ishikawa & Raine, 2003; 

Kiehl, 2006). 

 A second interesting effect to emerge from these follow-up analyses was that the 

Lifestyle facet of the PCL-R showed a directional shift in its association with P3 amplitude, for 

the novel stimuli specifically, from the first to the second half of the task procedure: Whereas a 

modest positive association was evident between PCL-R Lifestyle scores and P3 response to 

novel stimuli in the first half of the procedure, a modest negative association was evident in the 

second half. Thus, it was the Lifestyle facet in particular that accounted for the finding of a 

stronger relationship between PCL-R Factor 2 scores and P3 amplitude in the second half of the 

task as compared to the first. 

 What might account for the differing observed relations of the antisocial-aggressive and 

impulsive-irresponsible facets of psychopathy with P3 amplitude as a function of recording sites 

(anterior versus posterior) and task blocks (second versus first)?  Theories of P3 amplitude 

reduction as a marker of disinhibitory (externalizing) psychopathology (e.g., Iacono et al., 2003) 

suggest that it is impulsive-irresponsible features that that are shared across antisocial and 

substance use disorders predict reduced P3 amplitude. However, studies of this kind have 

primarily relied upon community samples exhibiting a more restricted range of impulsive and 

antisocial tendencies. Within an incarcerated sample that is generally higher in disinhibitory 

tendencies than the population as a whole, aggressive-antisocial behavior may be indicative of 

greater proneness to externalizing problems than tendencies towards boredom proneness, 
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impulsivity, and irresponsible behavior. That is, from the standpoint of item response theory 

(e.g., Muthen, 1996), antisocial tendencies may be discriminating at higher levels of an 

underlying externalizing liability dimension than impulsive-irresponsible tendencies per se, 

particularly within an offender sample. Consistent with this possibility, prior work has 

demonstrated reduced amplitude of P3 response in particular for offenders with histories of 

violent crime as opposed to only nonviolent crime (Bernat, Hall, Steffen, & Patrick, 2007). From 

this perspective, aggressive-antisocial tendencies indexed by the Antisocial facet of the PCL-R 

may serve to differentiate high versus low levels of externalizing proneness in incarcerated 

offenders more effectively than tendencies associated with the Lifestyle facet. In turn, this 

interpretation points up the importance of considering alternative indicators of dispositional 

constructs in clinical versus nonclinical participant samples (see, e.g., debates regarding the 

relevance of criminal behavior in the assessment of psychopathy; Hare & Neumann, 2010; 

Skeem & Cooke, 2010). 

 Regarding the observed shift in the relationship association P3 amplitude and PCL-R 

Lifestyle scores from the first to the second half of the task, one interpretation is that this effect 

may reflect a decrease in effort or an increase in fatigue throughout the course of the task in 

individuals with impulsive-irresponsible tendencies. Arguing against this interpretation, 

however, is the fact that this shift was evident for brain responses to the task irrelevant novel 

stimuli, but not for responses to the task relevant targets. The implication is that individuals high 

in impulsive-irresponsible tendencies did not exhibit a corresponding decrement in processing of 

target stimuli across halves of the task. An alternative possibility is that the shift in the direction 

of association across trials reflected a phenomenon of more direct functional relevance to 

impulsive-irresponsible tendencies. For example, it may be that this result reflected more rapid 

habituation of high impulsive-irresponsible individuals to novel events, which may play a part in 

their tendency to become bored easily and seek out stimulation in the form of change and risk. 

Alternatively, the observed pattern may reflect diminished ability on the part of impulsive-

irresponsible individuals to divide attentional resources effectively between primary attended-to 

stimuli and secondary incidental stimuli, except when secondary stimuli are highly salient (e.g., 

new and unexpected). These alternative possibilities will be important to evaluate through further 

systematic research. 
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Limitation and Future Directions 

  Some limitations of the present study are noteworthy and highlight important directions 

for future research. One limitation concerns the sampling strategy, in which incarcerated male 

offenders were recruited as participants, which may limit the generalizability of the current 

findings. The previously mentioned study by Carlson and colleagues (2009) found similar 

findings suggesting P3 deficits are associated with impulsive-antisocial features of psychopathy 

within a younger, and predominately female sample. Nonetheless, future research should 

evaluate whether impulsive-antisocial features of psychopathy are evident in community or other 

potentially less severe (e.g., those on probation) samples than that examined here. 

  Another potential limitation concerns the approach used to partition sources of variance 

in psychopathy scores in the prediction of P3 amplitude. Specifically, prediction models included 

both Factor 1 and Factor 2 scores (or Factor 1 in conjunction with either the impulsive or 

antisocial facet of Factor 2) in the prediction of P3 amplitude, and provided evidence that 

variance unique to Factor 2 (after controlling for its overlap with Factor 1 scores) was predictive 

of P3 amplitude. This approach was used because scores on the two factors of the PCL-R (as 

well as scores on its lower-order facets) are moderately intercorrelated, such that the overlap 

between the two can conceal their differential relations with criterion variables such as P3 

response (Hicks & Patrick, 2006; Skeem, Ploaschek, Patrick, & Lilienfeld, 2011).  However, 

some concerns have been raised about this correlation-based approach to controlling for overlap 

among predictor variables (Lynam, Hoyle, & Newman, 2006). For this reason, it will be valuable 

in future research (following the example of Carlson et al., 2009) to further evaluate differential 

predictive relations for measures of psychopathy facets designed to be more independent of one 

another. Notwithstanding this limitation, our findings coincide with substantial evidence 

indicating that psychopathy is a heterogeneous construct encompassing multiple phenotypic 

facets, classifiable as affective-interpersonal or impulsive-antisocial features (Patrick et al., 2009; 

Skeem et al., 2011).  

 Two additional limitations of the current study regarding its exclusive reliance on PCL-R 

scores to index psychopathy and the use of P3 brain response amplitude as the sole indicator of 

neural function are noteworthy and suggest future avenues of research. Regarding assessment of 

psychopathy, future studies could incorporate measurements of psychopathy and related 

constructs (e.g., aggression, impulsivity, general externalizing tendencies) in multiple 
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measurement domains (i.e., self-report and diagnostic interview) to further clarify the nature of 

variance in Factor 2 that is uniquely predictive of P3 amplitude. Regarding P3 as an indicator of 

neural function, it remains unclear what reductions in the amplitude of this response component 

signify. Current theories of P3 suggest it reflects multiple cognitive processes, including 

attention and working memory updating (Polich, 2007), thereby lacking specificity with regard 

to processes/mechanisms that might be deficient in impulsive-antisocial individuals. Additional 

research is needed to further elucidate the nature of processing deficits that reduced P3 amplitude 

signifies in impulsive-antisocial individuals—for example, by including additional experimental 

paradigms designed to index specific processes (e.g., attention, working memory, inhibitory 

control, emotion regulation). Future studies could also utilize behavioral task measures in 

addition to other methods for assessing brain function, such as functional magnetic resonance 

imaging. 
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Figure 1. Average waveform plots of ERP data obtained from novel and target stimuli at 
electrode sites Fz, Cz, and, Pz.  The group split is presented for illustrative purposes to depict the 
direction of effects that are modeled statistically as continuous measures.  Waveforms represent 
averaged ERP response from high and low scores (upper and lower quartiles, respectively) on 
the Antisocial Deviance facet of Hare’s (2003) PCL-R. 
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APPENDIX A 

FOOTNOTES 

1. The term P3 as used here refers to a family of ERP components including the P3 response 

to attended target stimuli in an “oddball” task (aka “P300,” or “P3b”), and the P3 response to 

unexpected novel events (aka “novelty P3,” or “P3a”). 

2. The 36 novel pictures, listed by their IAPS identification numbers, were as follows: erotic 

- 2030, 4320, 4666, 4669, 4672, 4770; action - 5626, 5629, 8034, 8200, 8340, 8490; threat - 

1525, 6250, 6300, 6370, 6510, 6930; victim - 6315, 6540, 8485, 9050, 9250, 9600; neutral - 

2480, 2870, 2890, 5390, 7004, 7010, 7020, 7090, 7100, 7491, 7595, 9700. 

3. Mean valence and arousal normative ratings (Lang et al., 2008) for each picture content 

category were as follows: Erotic: valence (mean = 6.89, SD = 1.75); arousal (mean = 6.40, SD = 

2.05).  Action: valence (mean = 6.95, SD = 1.70); arousal (mean = 6.34, SD = 2.16).  Threat: 

valence (mean = 3.08, SD = 1.79); arousal (mean = 6.37, SD = 2.25).  Victim: valence (mean = 

2.98, SD = 1.76); arousal (mean = 6.32, SD = 2.08).  Neutral: valence (mean = 4.96, SD = 1.12); 

arousal (mean = 2.64, SD = 1.82). 

4. Although significant in the predicted (negative) direction, correlations of Factor 2 scores 

with P3 amplitude scores were notably modest in magnitude. However, this level of association 

is in fact expectable for measures of only somewhat related constructs operationalized in 

different assessment domains (i.e., clinical diagnosis versus physiology; Campbell & Fiske, 

1959; Patrick, Durbin, & Moser, 2012).  In line with this, correlations in the current study (~ .2) 

were commensurate with effect sizes reported in prior studies of this type (see Gao & Raine, 

2009, for a meta-analytic review). 
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APPENDIX B 

INSTITUTIONAL REVIEW BOARD APPROVAL LETTER AND 

STUDY PERSONNEL 

The Florida State University 
Office of the Vice President For Research 
Human Subjects Committee 
Tallahassee, Florida 32306-2742 
(850) 644-8673, FAX (850) 644-4392 
 
APPROVAL MEMORANDUM 
 
Date: 11/21/2012 
 
To: Christopher Patrick [cpatrick@psy.fsu.edu]  
 
Address: 4301 
Dept.: PSYCHOLOGY DEPARTMENT 
 
From: Thomas L. Jacobson, Chair 
 
Re: Use of Human Subjects in Research 
Psychopathy and Emotional Response: Part II 
 
The application that you submitted to this office in regard to the use of human subjects in the 
research proposal referenced above has been reviewed by the Human Subjects Committee at its 
meeting on 11/21/2012. Your project was approved by the Committee. 
 
The Human Subjects Committee has not evaluated your proposal for scientific merit, except to 
weigh the risk to the human participants and the aspects of the proposal related to potential risk 
and benefit. This approval does not replace any departmental or other approvals, which may be 
required. 
 
If you submitted a proposed consent form with your application, the approved stamped consent 
form is attached to this approval notice. Only the stamped version of the consent form may be 
used in recruiting research subjects. 
 
If the project has not been completed by 11/20/2013 you must request a renewal of approval for 
continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your 
expiration date; however, it is your responsibility as the Principal Investigator to timely request 
renewal of your approval from the Committee. 
 
You are advised that any change in protocol for this project must be reviewed and approved by 
the Committee prior to implementation of the proposed change in the protocol. A protocol 
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change/amendment form is required to be submitted for approval by the Committee. In addition, 
federal regulations require that the Principal Investigator promptly report, in writing any 
unanticipated problems or adverse events involving risks to research subjects or others. 
 
By copy of this memorandum, the Chair of your department and/or your major professor is 
reminded that he/she is responsible for being informed concerning research projects involving 
human subjects in the department, and should review protocols as often as needed to insure that 
the project is being conducted in compliance with our institution and with DHHS regulations. 
 
This institution has an Assurance on file with the Office for Human Research Protection. The 
Assurance Number is FWA00000168/IRB number IRB00000446. 
 
Cc: Ellen Berler, Chair 
HSC No. 2012.9151 



27 
 

 

 

!"#$%&'"()*+,-&.//01+$,12%&324&3"00&567&$%8&9:/*81,*8&9:*#/,&6*;1*<

=>&?42)*+,&@1,0*&$%8&58*%,1A1+$,12%

=>=&?42)*+,&@1,0*

!"#$%&'()%#*(+,*-.&)/&+(0*12"'&+"23*!(4)*55

!"#$%&'()*+("2$&+,(4#*,()(*(+(0#"2"

=>B&?41%+1/$0&5%;*-,1C$,24&D?5E

=>F&G2H5%;*-,1C$,24-I6*-*$4+J&',$AA

!4/+)

6(.278(")*+(.29*:/4")*+(.2*;5<3

!()4/$=9*>%4/")&'%24*?

@/A%2")*-(4+2,*B2A4223

B&$)&4()2

;(/0/+A*C,,42""3

DEFG

!%&+2*6H.I243

JKFLMDDLNFDF

:(O3

JKFLMDDLPPEQ*

R+/S24"/)#*B2'(4).2+)3

!TU>@V8VWU*B-!C1X;-6X

-.(/03

$'()4/$=Y'"#Z["HZ2,H

X%2*)4(/+/+A*(+,*2,H$()/&+*$&.'02)2,*/+*)%2*'4&)2$)/&+*&[*

%H.(+*"HI\2$)"*&4*%H.(+*"HI\2$)"*42$&4,"3

@5!CC***V)%24**********

V$$H'()/&+(0*!&"/)/&+3

:($H0)#

6(.278(")*+(.29*:/4")*+(.2*;5<3

]2+(I02"9*6&(%*>^**>&L5+S2")/A()&4

@/A%2")*-(4+2,*B2A4223

_($%20&4`"*B2A422

;(/0/+A*C,,42""3

GGFP*a2")*>(00*T)422)

!%&+2*6H.I243

JKFLMDKLQEFJ

:(O3

*

R+/S24"/)#*B2'(4).2+)3

!TU>@V8VWU*B-!C1X;-6X

-.(/03

S2+(I02"Y'"#Z["HZ2,H

X%2*)4(/+/+A*(+,*2,H$()/&+*$&.'02)2,*/+*)%2*'4&)2$)/&+*&[*

%H.(+*"HI\2$)"*&4*%H.(+*"HI\2$)"*42$&4,"3

65@***@5!CC**********

V$$H'()/&+(0*!&"/)/&+3

T)H,2+)

6(.278(")*+(.29*:/4")*+(.2*;5<3

B4/"0(+29*8(H4(*-^**>&L5+S2")/A()&4

@/A%2")*-(4+2,*B2A4223

_($%20&4`"*B2A422

;(/0/+A*C,,42""3

GGFP*a2")*>(00*T)422)

!%&+2*6H.I243

JKFLMDKLQEFJ

:(O3

*

R+/S24"/)#*B2'(4).2+)3

!TU>@V8VWU*B-!C1X;-6X

-.(/03

,4/"0(+2Y'"#Z["HZ2,H

X%2*)4(/+/+A*(+,*2,H$()/&+*$&.'02)2,*/+*)%2*'4&)2$)/&+*&[*

%H.(+*"HI\2$)"*&4*%H.(+*"HI\2$)"*42$&4,"3

65@***@5!CC**********

V$$H'()/&+(0*!&"/)/&+3

T)H,2+)

6(.278(")*+(.29*:/4")*+(.2*;5<3

T)4/$=0(+,9*>("2#*^**>&L5+S2")/A()&4

@/A%2")*-(4+2,*B2A4223

_($%20&4`"*B2A422

;(/0/+A*C,,42""3

GGFP*a2")*>(00*T)422)

!%&+2*6H.I243

JKFLMDKLQEFJ

:(O3

*

R+/S24"/)#*B2'(4).2+)3

!TU>@V8VWU*B-!C1X;-6X

-.(/03

")4/$=0(+,Y'"#Z["HZ2,H

X%2*)4(/+/+A*(+,*2,H$()/&+*$&.'02)2,*/+*)%2*'4&)2$)/&+*&[*

%H.(+*"HI\2$)"*&4*%H.(+*"HI\2$)"*42$&4,"3

V$$H'()/&+(0*!&"/)/&+3

T)H,2+)



28 
 

REFERENCES 

Blair, R. J. R. (2005). Applying a cognitive neuroscience perspective to the disorder of 
psychopathy. Development and Psychopathology, 17, 865-891. 

 
Begleiter, H., Porjesz, B., Bihari, B., & Kissin, B. (1984). Event-related potentials in boys at risk 

for alcoholism. Science, 225, 1493-1496. 

Benning, S. D., Patrick, C. J., & Iacono, W. J. (2005). Psychopathy, startle blink modulation, and 
electrodermal reactivity in men. Psychophysiology, 42, 753-762. 

Bernat, E. M., Hall, J. R., Steffen, B. V., & Patrick, C. J. (2007). Violent offending predicts P300 
amplitude. International Journal of Psychophysiology, 66, 161-167. 

 
Campbell, D. T., Fiske D. W. (1959). Convergent and discriminant validation by the multitrait-

multimethod matrix. Psycholological Bulletin, 56, 81-105. 
 
Carlson, S. R., Thái, S., & McLaron, M. E. (2009). Visual P3 amplitude and self-reported 

psychopathic personality traits: Frontal reduction is associated with self-centered 
impulsivity. Psychophysiology, 46, 100-113. 

 
Cooke, D. J., & Michie, C. (2001). Refining the construct of psychopathy: Towards a 

hierarchical model. Psychological Assessment, 13, 171-188. 
 
Courchesne, E., Hillyard, S. A., & Galambos, R. (1975). Stimulus novelty, task relevance and 

the visual evoked potential in man. Electroencephalography and Clinical 

Neurophysiology, 39, 131-143. 

 
Davidson, R. J., Putnam, K. M., & Larson, C. L. (2000). Dysfunction in the neural circuitry of 

emotion regulation: a possible prelude to violence. Science, 298, 591-594. 
 
Dien, J., Spencer, K. M., & Donchin, E. (2003). Localization of the event-related potential 

novelty response as defined by principal components analysis. Cognitive Brain Research, 

17, 637-650. 
 
Fichtenholtz, H. M., Dean, H. L., Dillon, D. G., Yamasaki, H., McCarthy, G., & LaBar, K. S. 

(2004). Emotion-attention network interactions during a visual oddball task. Cognitive 

Brain Research, 20, 67-80. 
 
Fowles, D. C., & Dindo, L. (2006). A dual-deficit model of psychopathy.  In C. J. Patrick (Ed.), 

Handbook of Psychopathy (pp. 14-34). New York: Guilford Press. 
 
Gao, Y., & Raine, A. (2009). P3 event-related potential impairments in antisocial and 

psychopathic individuals: A meta-analysis. Biological Psychology, 82, 199-210. 
 



29 
 

Hall, J., Benning, S. D., & Patrick, C. J. (2004). Criterion-related validity of the three-factor 
model of psychopathy: Personality, behavior, and adaptive functioning. Assessment, 11, 
4-16.  

 
Hare, R. D. (2003). The Hare Psychopathy Checklist-Revised (2nd ed.). Toronto, Ontario, 

Canada: Multi-Health Systems. 
 
Hare, R. D., & Neumann, C. S. (2006). The PCL-R assessment of psychopathy: Development, 

structural properties, and new directions. In C. J. Patrick (Ed.), Handbook of psychopathy 
(pp. 58-88). New York: The Guilford Press. 

 
Hare, R. D., & Neumann, C. S. (2010). The role of antisociality in the psychopathy construct. 

Comment on Skeem and Cooke (2010). Psychological Assessment, 22, 446-454. 
 
Hicks, B. M., Bernat, E. M.,Malone, S. M., Iacono, W. G., Patrick, C. J., Krueger R. F., & 

Mcgue M. (2007). Genes mediate the association between P300 amplitude and 
externalizing disorders. Psychophysiology, 44, 98-105. 

 
Hicks, B. M., & Patrick, C. J. (2006). Psychopathy and negative emotionality: Analyses of 

suppressor effects reveal distinct relations with emotional distress, fearfulness, and anger-
hostility. Journal of Abnormal Psychology, 115, 276-287. 

 
Harpur, T. J., Hare, R. D., & Hakstian, A. R. (1989). Two factor conceptualization of 

psychopathy. Psychological Assessment, 1, 6-17.  
 
Iacono, W. J., Malone, S. M., & McGue, M. (2003). Substance use disorders, externalizing 

psychopathology, and P300 event-related potential amplitude. International Journal of 

Psychophysiology, 48, 147-178. 
 
Ishikawa, S. S. and Raine, A. (2003). Prefrontal deficits and antisocial behavior: A causal model.  

In B. B. Lahey, T. E. Moffitt and A. Caspi (Eds). Causes of conduct disorder and juvenile 
delinquency (pp. 277-304). New York: Guilford 

 
Justus, A. N., Finn, P. R., & Steinmetz, J. E. (2001). P300, disinhibited personality, and early 

alcohol problems. Alcoholism: Clinical and Experimental Research, 25, 1457-1466. 
 
Jutai, J. W., Hare, R. D., & Connolly, J. F. (1987). Psychopathy and event-related potentials 

(ERPs) associated with attention to speech stimuli. Personality and Individual 

Differences, 8, 175-184. 
 
Kennealy, P. J., Hicks, B. M., & Patrick, C. J. (2007). Validity of factors of the psychopathy 

checklist--revised in female prisoners: Discriminant relations with antisocial behavior, 
substance abuse, and personality. Assessment, 14, 323-340. 

 
Kiehl, K. A. (2006). A cognitive neuroscience perspective on psychopathy: Evidence for 

paralimbic system dysfunction. Psychiatry Research, 142, 107-128. 



30 
 

 
Kiehl, K. A., Bates, A. T., Laurens, K. R., Hare, R. D., & Liddle, P. F. (2006). Brain potentials 

implicate temporal lobe abnormalities in criminal psychopaths. Journal of Abnormal 

Psychology, 115, 443-453. 
 
Kiehl, K. A., Harem R. D., Liddle, P. F., & McDonald, J. J. (1999). Reduced P300 responses in 

criminal psychopaths during a visual oddball task. Biological Psychiatry, 45, 1498-1507. 
 
Kiehl. K. A., Smith, A. M., Hare, R. D., & Liddle, P. F. (2000). An event-related potential 

investigation of response inhibition in schizophrenia and psychopathy. Biological 

Psychiatry, 48, 210-221. 
 
Knight, R. T. (1984). Decreased response to novel stimuli after prefrontal lesions in man. 

Electroencephalography and Clinical Neurophysiology, 59, 9-20. 
 
Knight, R. T. (1997). Distributed cortical network for visual attention. Journal of Cognitive 

Neuroscience, 9, 75-91. 
 
Krueger, R. F. (1999). The structure of common mental disorders. Archives of General 

Psychiatry, 56, 921-926. 
 
Krueger, R. F., Hicks, B. M., Patrick, C. J., Carlson, S., Iacono, W. G., & McGue, M. (2002). 

Etiological connections among substance dependence, antisocial behavior, and 
personality: Modeling the externalizing spectrum. Journal of Abnormal Psychology, 111, 

411-424. 
 
Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (2008). International affective picture system 

(IAPS): Affective ratings of pictures and instruction manual. Technical Report A-8.  
University of Florida, Gainesville, FL. 

 
Lilienfeld, S. O., & Andrews, B. P. (1996). Development and preliminary validation of a self-

report measure of psychopathic personality traits in concriminal populations. Journal of 

Personality Assessment, 66, 488-524. 
 
Lynam, D. R., Hoyle, R. H., & Newman, J. P. (2006). The perils of partialling: cautionary tales 

from aggression and psychopathy. Assessment, 13, 328-341. 
 
Muthen, B. O. (1996). Psychometric evaluation of diagnostic criteria: Application to a two-

dimensional model of alcohol abuse and dependence. 41, Drug and Alcohol Dependence, 
101-112. 

 
Patrick, C. J. (1994). Emotion and psychopathy: Startling new insights. Psychophysiology, 31, 

319-330. 
 



31 
 

Patrick, C. J., & Bernat, E. M. (2009). Neurobiology of psychopathy: A two-process theory. In: 
G. G. Berntson & J. T. Cacioppo (Eds.), Handbook of neuroscience for the behavioral 
sciences (pp. 1110-1131). New York: John Wiley & Sons. 

 
Patrick, C. J., Bernat, E. M., Malone, S. M., Iacono, W. G., Krueger, R. F., & McGue, M. 

(2006). P300 amplitude as an indicator of externalizing in adolescent males. 
Psychophysiology, 43, 84-92. 

 
Patrick, C. J., Bradley, M. M., & Lang, P. J. (1993). Emotion in the criminal psychopath : Startle 

reflex modulation. Journal of Abnormal Psychology, 102, 82-92. 
 
Patrick, C. J., Durbin, C. E., & Moser, J. S. (2012). Conceptualizing proneness to antisocial 

deviance in neurobehavioral terms. Development and Psychopathology, 24, 1047-1071. 
 
Patrick, C. J., Fowles, D. C., & Krueger, R. F. (2009). Triarchic conceptualization of 

psychopathy: Developmental origins of disinhibition, boldness, and meanness. 
Development and Psychopathology, 21, 913–938. 

 
Patrick, C. J., Hicks, B. M., Krueger, R. F., & Lang, A. R. (2005). Relations between 

psychopathy facets and exetrnalizing in a criminal offender sample. Journal of 

Personality Disorders, 19, 339-356. 

 
Polich, J. (2007). Updating the P300: An integrative theory of P3a and P3b. Clinical 

Neurophysiology, 118, 2128-2148. 
 
Raine, A., & Venables, P. H. (1988). Enhanced P3 evoked potentials and longer P3 recovery 

times in psychopaths. Psychophysiology, 25, 30-38. 
 
Romero. R., & Polich, J. (1996). P3(00) habituation from auditory and visual stimuli. Physiology 

and Behavior, 59, 517-522. 
 
Semlitsch, H. V., Anderer, P., Schuster, P. & Presslich, O. (1986). A solution for reliable and 

valid reduction for ocular artifacts, applied to the P300. Psychophysiology, 23, 695-703. 
 
Skeem, J. L., & Cooke, D. J. (2010). Is criminal behavior a central component of psychopathy? 

Conceptual directions for resolving the debate. Psychological Assessment, 22, 433-445. 
 

Skeem, J. L., Ploaschek, D. L., Patrick, C. J., & Lilienfeld, S. O. (2011). Psychopathic 
personality: Bridging the gap between scientific evidence and public policy. 
Psychological Science in the Public Interest, 12(3), 95-162. 

 
Squires, N. K., Squires, K. C., & Hillyard, S. A. (1975). Two varieties of long-latency positive 

waves evoked by unpredictable auditory stimuli in man. Electroencephalography and 

Clinical Neurophysiology, 38, 387-401. 
 



32 
 

Taylor, J., & Lang, A. R. (2006). Psychopathy and substance use disorder. In C. J. Patrick (Ed.), 
Handbook of psychopathy (pp. 58-88). New York: The Guilford Press.  

 
Verona, E., Patrick, C. J., & Joiner, T. E. (2001). Psychopathy, antisocial personality, and suicide 

risk. Journal of Abnormal Psychology, 110, 462-470. 
 
Vaidyanathan, U., Bernat. E.M., Hall, J.R., Patrick, C.J. (2011). Clarifying the Role of Fear 

Deficits in Psychopathy and Antisocial Personality Using Startle Reflex Methodology. 
Journal of Abnormal Psychology, 120, 253-258. 

 
Vanman, E. J., Mejia, V. Y., Dawson, M. E., Schell, A. M., & Raine, A. (2003). Modification of 

the startle reflex in a community sample: Do one or two dimensions of psychopathy 
underlie emotional processing? Personality and Individual Differences, 35, 2007-2021. 

 
Venables, N. C., & Patrick, C. J. (2012). Validity of the Externalizing Spectrum Inventory in a 

criminal offender sample: Relations with disinhibitory psychopathology, personality, and 
psychopathic features. Psychological Assessment, 24, 88-100. 

 
Yamaksi, H., LaBar, K. S., & McCarthy, G. (2002). Dissociable prefrontal brain systems for 

attention and emotion. Proceedings of the National Academy of Sciences of the United 

States of America, 99, 11447-11451. 



33 
 

BIOGRAPHICAL SKETCH 

Noah C. Venables was born in Edina, Minnesota. He graduated in 2005 from the University of 

Minnesota with a Bachelor’s degree in Psychology and Sociology of Law Criminology and 

Deviance with Summa Cum Laude honors distinction. In 2009 he began studies in the clinical 

psychology doctoral program at Florida State University under the supervision of Dr. Chris 

Patrick. His research interests include issues related to the conceptualization, assessment, and 

neurobiology of externalizing traits and behaviors such as impulsivity, aggression and 

criminality. Mr. Venables has published his research in peer reviewed scientific journals and 

presented findings at international conferences. 


	The Florida State University
	DigiNole Commons
	4-8-2013

	P3 Brain Potential Amplitude In Criminal Psychopathy: Evaluating Distinct Contributions Of Affective-Interpersonal And Impulsive-Antisocial Features
	Noah Venables
	Recommended Citation



