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Abstract

Reaction time (RT) and event-related potential (ERP) measures were used to examine the
relationships between psychopathic symptoms and three major attention networks (alerting,
orienting, and executive attention) among a community sample of youth. Antisocial Process
Screening Device (APSD; Frick and Hare 2001) total and subscale scores were negatively
correlated with ERP measures of attentional alerting, indicating that youth with psychopathic
symptoms had difficulty using warning cues to prepare for upcoming targets. APSD total scores
were not related to performance on measures of orienting or executive attention, although weaker
executive attention was found among youth with higher scores on the Impulsivity subscale. These
findings support attention-based models of psychopathy and provide evidence of specific deficits
in attentional alerting among youth with psychopathic traits. Deficiencies in attentional alerting
may be related to noradrenergic functioning and may have cascading effects on higher order
cognitive and affective processing.
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Introduction

Psychopathy is a complex personality disorder characterized by callous and manipulative
treatment of others, lack of meaningful relationships, irresponsibility, persistent antisocial
behavior, and lack of remorse or guilt. Although it is tempting to attribute psychopathy to
maliciousness or willful misconduct, it is difficult to reconcile this view with the often self-
defeating and capricious nature of psychopathic behavior (Cleckley 1982). Accordingly,
modern theoretical and empirical work on psychopathy has focused on identifying intrinsic
deficits that may account for the behavior of psychopathic individuals. Decades of empirical
research have established that criminal offenders with psychopathy show subtle yet
important abnormalities in emotion, cognition, language, and neuropsychological function
when compared with nonpsychopathic offenders (see Blair 2005; Hiatt and Newman 2006).
Interestingly, these deficits occur against a background of generally good executive function
(Hare 1984; Hart et al. 1990; but see Blair et al. (2006)), and average or better intelligence
(Johansson and Kerr 2005; Vitacco et al. 2005).

One of the most striking and well-replicated deficits of psychopathy is a difficulty using
punishment-related cues, even when doing so would result in monetary gain or other
tangible rewards. Although individuals with psychopathy generally react normally to direct
punishment (e.g., Flor et al. 2002), they have difficulty inhibiting previously punished
behaviors (e.g., Lykken 1957; Newman et al. 1990) and show weak physiological responses
to both conditioned punishment cues (Flor et al. 2002; Hare 1982) and unpleasant images
(Levenston et al. 2000; Patrick et al. 1993).

These punishment-related deficits have led to neurobiological models of psychopathy that
emphasize amygdala dysfunction (Blair 2006). Several studies have reported functional
(e.g., Glenn et al. 2009) and/or structural (e.g., Yang et al. 2009) abnormalities of the
amygdala in psychopathic populations. However, abnormalities have also been found in a
number of other brain structures (see Kiehl 2006; Weber et al. 2008). Moreover, although
amygdala dysfunction appears to contribute to some aspects of psychopathy, it cannot
account for all aspects of the disorder.

An important and fascinating aspect of psychopathy that cannot readily be accounted for by
amygdala dysfunction is the context dependency of psychopathic individuals’ deficits.
Psychopathic individuals’ ability to use punishment-related information, for example, is
typically indistinguishable from that of controls when the importance of avoiding
punishment is made explicit in the task instructions or is otherwise evident from the start of
the task (e.g., Kiehl et al. 2000; Newman and Kosson 1986). Insensitivity to punishment
cues is generally seen only when the punishment contingencies are not explicit or when
punishment avoidance must compete with prepotent reward-seeking goals (Newman et al.
1997).

This context dependency has been interpreted as an attention-related failure to process
potentially important information when it is peripheral to ongoing, goal-directed behavior
(Newman 1998). Consistent with this interpretation, known as the Response Modulation
Hypothesis (RMH), psychopathic individuals are insensitive to peripheral or contextual
information even in the absence of punishment or other emotionally salient stimuli (see Hiatt
and Newman 2006). Moreover, a recent study by Newman and colleagues (Newman et al.
2010) provided direct evidence that one of the hallmark punishment-related deficits of
psychopathy, poor fear-potentiated startle (FPS), is critically dependent upon attention:
psychopathic individuals showed deficient FPS when their attention was directed away from
threat-related information, but showed normal FPS when the threat-related information was
attended.
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Attention thus may play a critical role in psychopathy, even potentially driving punishment-
related deficits. However, it remains unclear which aspects of attention are affected.
Attention is a multifaceted construct that is instantiated at multiple levels of processing and
by multiple neurobiological systems. Although the attention-related deficit proposed by
Newman’s RMH is conceptually well specified (Newman 1998), it is not readily linked to
extant neurobiological or cognitive models of attention. Further, most of the evidence for
attention dysfunction in psychopathy comes from performance on relatively complex tasks
that involve a range of processes, such as suppressing dominant responses, switching
between rule sets, and managing goals. With few exceptions (e.g., Harpur 1991), basic
components of attention have not been directly examined.

Our study involved an initial examination of basic attention processes among youth with
psychopathic features as assessed by the Antisocial Process Screening Device (APSD; Frick
and Hare 2001). Recent studies have shown that many of the deficits seen in adult
psychopathy are also present in youth with elevated APSD scores (e.g., Blair et al. 2001;
Vitale et al. 2005). We assume that deficits in basic attention processes are present
throughout development and may in fact be more visible in younger populations due to less
developed compensatory strategies. Early identification of attention-related abnormalities
may ultimately improve early treatment and prevention efforts, which is especially
important given the difficulty of treating psychopathy in adulthood.

In this study, we examined the three attention processes described by Posner and colleagues
as the alerting, orienting, and executive attention networks (Berger and Posner 2000). The
alerting network is involved in achieving and maintaining an alert state and preparedness to
react to stimuli and has been linked to the noradrenergic system (Coull et al. 2001) and the
right parietal lobe (Corbetta and Shulman 2002). The orienting network is involved in
allocating attention to specific locations in space and has been linked to the acetylcholine
system (Phillips et al. 2000; Witte et al. 1997) and the superior and inferior parietal lobe
(Corbetta et al. 2000; Coull et al. 2001; Rosen et al. 1999). The executive attention network
is involved in target detection, error detection, and conflict resolution and has been linked to
the ventral tegmental area dopaminergic system (Cools 2008; Granon et al. 2000), the
anterior cingulate (Bush et al. 2000), and prefrontal cortex (Kadosh et al. 2008; Sandrini et
al. 2008).

We used the Attention Network Task (ANT; Fan et al. 2002) to survey the integrity of these
three attention networks. The ANT combines elements of traditional spatial cueing (Posner
1980) and flanker interference (Eriksen and Eriksen 1974) paradigms. Executive attention is
assessed via flanker interference, and the alerting and orienting networks are estimated by
the effects of preceding cue conditions on the speed of response to the target-flanker display.

The ANT provides fairly independent and reliable reaction-time (RT) estimates of the three
attention networks (Fan et al. 2002). However, we were concerned about the sensitivity of
RT measures for estimating the alerting and orienting networks. RT variability related to
resolving flanker interference and subsequent motor response processes may be much larger
than the cue effects, potentially obscuring variability related to the cue conditions. To
improve the sensitivity of the alerting and orienting estimates, we used event-related
potentials (ERPs) as well as RTs to estimate the three attention networks.

Alerting and orienting were assessed using the occipital P1 event-related potential (ERP)
component. The P1 provides a relatively direct and sensitive index of where attention is
directed in space, without contamination from response-related processes (see Hillyard and
Anllo-Vento (1998)). The more a participant’s attention is directed toward an upcoming
target, the larger the amplitude (voltage) of the P1 response to the target should be. Thus, the
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P1 response to the target should be smallest for the no cue condition, which provides neither
temporal nor spatial information about the upcoming target, somewhat larger for the central
cue condition, which provides temporal information about the upcoming target, and largest

of all for the spatial cue condition, which allows participants to focus their attention directly
on the location of the upcoming target (see Fig. 1).

ERP indices of flanker interference are not as well established. Although fMRI studies have
consistently shown that frontal executive areas, including the anterior cingulate cortex, are
activated by conflict and interference (Ochsner et al. 2009; Wang et al. 2010), these findings
are not readily translated to ERP measures. We chose to examine the N450, which has been
associated with conflict processing on Stroop-like tasks (e.g., Larson et al. 2009; West et al.
2005), and the P3b, which is associated with cognitive effort and has shown flanker
congruency effects in previous studies (Johnstone et al. 2009; Rueda et al. 2004; Wild-Wall
et al. 2008). We expected incongruent flankers to produce a more negative N450 response
and a more positive P3b response relative to congruent flankers.

Psychopathic individuals’ difficulty using information that is outside of their current
attentional focus could be consistent with deficits in either alerting or orienting. Deficits in
alerting would interfere with the detection of new or unexpected events by dampening
perceptual sensitivity (i.e., stimuli must meet a higher threshold to capture attention),
whereas deficits in orienting would make it difficult to redirect attention (and subsequent
cognitive resources) to new information once it has been perceived. We therefore predicted
that psychopathic symptoms would be associated with deficits in alerting and/or orienting.

We did not expect to find deficits in executive attention, given that existing studies have
generally shown good executive function (EF) among psychopathic individuals, and there is
a large body of work demonstrating normal (or better) conflict resolution on stroop and
flanker paradigms (e.g., Hiatt et al. 2004; Zeier et al. 2009).

Finally, it is important to note that our hypotheses, like the findings reviewed throughout the
introduction, are based on the measurement of psychopathy as a unitary construct (i.e., using
total scores on rating scales). However, psychopathy can also be subdivided into two, three,
or four correlated factors reflecting different clusters of symptoms (see Patrick 2006). There
is increasing interest in examining the unique correlates of different factors, which may
differ from those of the overarching construct. Of particular relevance to the current study,
factor-based approaches have shown that while overall psychopathy scores are typically
unrelated to EF, the antisocial/impulsive symptoms of psychopathy (Factor 2 in two-factor
models) are often associated with lower EF, whereas the interpersonal/affective features
(Factor 1 in two-factor models) are associated with average or better EF (e.g., Ross et al.
2007). To allow examination of differential effects, we report results for APSD subscales as
well as the total score. However, we direct our hypotheses to APSD total scores.

Participants

Participants were 54 children and adolescents (22 male, 32 female) ages 9-14 years
(M=11.76, SD=1.33) recruited from the Eugene, Oregon, community by means of flyers and
newspaper advertisements. Youth at risk for psychopathology were oversampled by placing
flyers at counseling and family service agencies. The sample was 86% Caucasian. A brief
telephone screening was used to ensure that participants met the following inclusion criteria:
normal or corrected-to-normal vision, functional use of both hands, English fluency, and no
history of traumatic brain injury, epilepsy, or seizures. Participants were also required to be
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right-handed according to self-report on the Edinburgh Handedness Inventory (Laterality
Quuotient >40).

Antisocial Process Screening Device (APSD)—Parent report on the APSD (Frick
and Hare 2001) was used to assess psychopathic characteristics. The APSD is a 20-item
questionnaire designed to assess behaviors and attitudes in youth that are associated with
adult psychopathy. Each item was rated on a 3-point scale (0=not at all true, 1=sometimes
true, 2=definitely true), with higher scores indicating higher levels of psychopathic traits.
The APSD produces age-normed T-scores for the overall total score and for three subscales
(callous—unemotional (CU), narcissism (N), and impulsivity (I)). In our sample, the APSD
total score demonstrated good internal consistency (Cronbach’s a=0.83). Subscale alphas
ranged from 0.61 to 0.68.

Control Variables—To clarify whether any significant relationships between APSD total
scores and attention network measures were specific to psychopathy per se, all significant
zero-order correlations with APSD total scores were also examined after controlling for
internalizing symptoms (INT), externalizing symptoms (EXT), attention-deficit/
hyperactivity symptoms (ADHD), and executive functioning, as well as age and gender.
INT, EXT, and ADHD scores were obtained from the Child Behavior Checklist (Achenbach
and Rescorla 2001), and executive function scores were obtained from the Behavior Rating
Inventory of Executive Functioning (Gioia et al. 2000).

Child Behavior Checklist (CBCL)—INT, EXT, and ADHD symptoms were assessed by
parent report on the CBCL (Achenbach and Rescorla 2001). The CBCL is a 113-item
questionnaire designed to assess behavioral and emotional problems in youth ages 6-18
years. Each item was rated on a 3-point scale indicating how often the parent observed each
symptom in their child (0=not at all, 1=sometimes, 2=often). The CBCL produces age- and
gender-normed T-scores indexing internalizing problems, externalizing problems, and total
problems, as well as subscales such as attention problems, depression, and anxiety. ADHD
symptoms were assessed using the DSM-oriented ADHD scale.

Behavior Rating Inventory of Executive Function (BRIEF)—General executive and
self-regulatory skill was assessed by parent report on the BRIEF (Gioia et al. 2000). The 86-
item BRIEF assesses behavior regulation (inhibition, shifting, emotional control) and
metacognitive skills (initiation, planning, working memory, organization, self-monitoring).
Each item was rated on a 3-point scale indicating how often the parent observed each
behavior in their child (0=never, 1=sometimes, 2=often). The age-normed Global Executive
Composite (GEC) T-score was used to control for general executive skill.

Attention Network Task—The ANT is a computerized task designed to assess alerting,
orienting, and executive attention (see Fig. 1). Participants indicated the direction of a target
arrow by pressing a left or right response key with their left or right index finger,
respectively. Target arrows were flanked by two distractor arrows on either side, which
could be either congruent (pointing in the same direction as the target, 50% probability) or
incongruent (pointing in the opposite direction, 50% probability). The target and flankers
appeared in either the upper or lower half of the screen (equiprobable) and remained visible
until the participant responded or until 2 s elapsed.

Each target-flanker presentation was preceded by a 200-ms cue and a 1,000 ms cue-to-target
interval. Cue conditions were equally divided between no cue (central fixation cross
remained unchanged until the target appeared, 48 trials), central cue (asterisk in the center of
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the screen, providing temporal but not spatial information about the upcoming target, 48
trials), and spatial cue (asterisk occurs in target location, 100% valid, 48 trials) conditions.
Each cue condition (including no cue) was preceded by a fixation cross of variable duration
(800-2,000 ms).

RT and ERP measures of the three attention networks were obtained by comparing target
responses under the following conditions: no cue versus central cue (alerting), central cue
versus spatial cue (orienting), and congruent flankers versus incongruent flankers (executive
attention).

All procedures were carried out in one 2-hour laboratory testing session. After informed
parent consent and child assent were obtained, the parent was shown to a waiting area to
complete the questionnaires and the child was brought to the EEG laboratory. The ANT was
one of several computerized tasks administered in counter balanced order during the testing
session. Participants were instructed to keep their gaze focused on the central fixation point
throughout the task and to respond as quickly and accurately as possible. Total time to
complete all tasks was approximately 1 h.

EEG Data Processing and Analysis

Scalp electroencephalographic (EEG) data were acquired using a 256-channel HydroCel
Geodesic Sensor Net (Electrical Geodesics Inc. [EGI], Eugene, OR). The data were analog
filtered with a 0.01-100-Hz bandpass prior to being digitized at 250 Hz with a 16-bit A/D
converter. The EEG was referenced to the vertex during acquisition.

A 60-Hz notch filter was applied prior to the analysis of the EEG data. EEG data were
segmented off-line into 800-ms epochs spanning 200 ms before to 600 ms after the
appearance of the target. Trials with incorrect behavioral responses were excluded from
analyses. Individual epochs were screened for eye blinks, eye movements, bad channels, and
other noncephalic artifacts. Uncontaminated trials were averaged to create the individual
subject waveforms, which were baseline corrected over the 200-ms pretarget interval and
transformed into an average reference representation. Individual-subject average waveforms
were averaged together to derive the group grand-average wave-forms.

Based on previous research and the grand-average waveforms, the time windows used to
extract the P1 and P3b components from the individual-subject waveforms were 100-180
ms and 300-380 ms post target, respectively. For these components, a positive peak was
identified within the specified window for each individual subject, and an average was
obtained for a 40-ms window centered on the peak. The N450 was measured as the average
amplitude of the EEG between 350 ms and 500 ms post target. Separate averages were
created for each participant for each of the two target conditions (incongruent or congruent
flankers) and the three cue conditions (no cue, central cue, and spatial cue).

Electrodes used for quantification of the P1, P3b, and N450 components were selected based
on previous studies and the locations of maximal component amplitude in the grand-average
waveforms. The P1 component was measured using the average of 14 occipital-parietal sites
(7 per hemisphere) that included O1 and O2 (Fig. 2, red; EGI sensor numbers: left 96, 97,
106, 107, 108, 115, 116; right 150, 151, 159, 160, 161, 169, 170), the P3b component was
measured using the average of 8 parietal sites centered around Pz (Fig. 2, orange; EGI
sensor numbers 100, 101, 129, 99, 110, 119, 128, 141), and the N450 was measured using
the average of 6 central sites centered around Cz (Fig. 2, blue; EGI sensor numbers 9, 45,
81, 132, 186, VREF).

J Abnorm Child Psychol. Author manuscript; available in PMC 2012 November 20.
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Results

Descriptive Statistics

Eleven participants (5 boys, 6 girls) were excluded from analyses because of EEG artifacts
(eye blinks, eye movements, or bad channels) in greater than 33% of the target segments,
resulting in a final sample of 43 participants (17 boys, 26 girls). APSD total and subscale
scores for the final sample are presented in Table 1, along with selected scores from the
CBCL and BRIEF. APSD scores did not differ by gender (all /<1.8, £5>0.19) and were not
correlated with age (15<0.16, ps>0.32).

Behavioral Results

Mean accuracy was 94.93% (range=81%-100%). APSD scores were not significantly
correlated with mean RT (all /5<0.20, ps>0.20) or accuracy (all /5<0.24, ps>0.13).

RT difference scores were created to index alerting (central cue minus no cue), orienting
(spatial cue minus central cue), and executive attention (incongruent flankers minus
congruent flankers, hereafter referred to as conflici). The expected main effects were
obtained for each of these measures: alerting £ (42)=7.64, p<0.001; orienting {42)=4.00,
p<0.001; conflict £42)=17.46, p<0.001, indicating that responses were faster following a
central cue than no cue, faster following a spatial cue than a central cue, and faster for
targets with congruent versus incongruent flankers. Means and standard deviations are
presented in Table 2.

APSD Total Score—Individual differences were examined by means of bivariate
correlations between each of the three attention measures and the APSD total score. To
ensure that the attention measures were not confounded by overall RT differences, the
difference scores were corrected for overall RT by dividing each difference score by the sum
of the operands; for example, alerting=(no cue RT—-central cue RT) / (no cue RT+central cue
RT). APSD total score was not correlated with RT measures of alerting (=-0.09, p=0.55) or
orienting (=-0.05, p=0.73). There was a trend-level positive correlation between APSD
total score and conflict (+=0.24, p=0.12), but it did not survive after controlling for
externalizing symptoms (partial /=0.16, p=0.32), ADHD symptoms (partial /=0.13, p=0.41),
or GEC (partial r=0.05, p=0.78).

Subscale Analyses—Higher scores on the Impulsivity subscale were associated with
increased flanker interference (r=0.38, p<0.05). There were no other significant correlations
between APSD subscales and any of the RT measures (all /5<0.22, ps>0.15)1.

ERP Results
Preliminary Analyses

Descriptive Statistics. After exclusion of EEG segments that were contaminated by
noncephalic artifacts, each target condition (congruent, incongruent) had an average of 60
trials, M (SD)=60.0 (7.65), range=35-72, and each cue condition (no, center, spatial) had an
average of 40 trials, M (5D)=40.3 (5.41), range=26-48. The number of good segments was
correlated with age (r=0.31, p<0.05), but not with APSD total scores (r=0.15, p=0.36).

One participant was excluded from further analysis because of ERP difference scores that
were greater than three standard deviations from the mean, resulting in a total of 42

1At the suggestion of an anonymous reviewer, we also conducted multiple regression analyses with simultaneous entry of the three
APSD subscales in order to examine regression coefficients for the unique variance of each APSD subscale with each of the ANT
measures (RT and ERP measures of AL, OR, and FL). Results were consistent with the bivariate correlations reported above.
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participants for the ERP analyses. The exclusion of this participant had no meaningful
effects on the previously reported RT results.

Main Effects—ERP amplitude difference scores were computed to create measures of
alerting (central cue minus no cue), orienting (spatial cue minus central cue), and conflict
(incongruent flankers minus congruent flankers). Alerting and orienting effects were
examined for P1, and conflict effects were examined for the P3b and N450 components.

Before examining individual differences, we conducted a series of one-sample £tests to
identify which components showed significant main effects of attention. The occipital P1
component showed significant effects for both alerting, M (SD)=1.54 (2.07) puV; {41)=4.82,
p<0.001, and orienting, M (SD)=1.04 (1.60) uV; f41)=4.22, p<0.001, indicating that, as
expected, the target-evoked P1 was larger for targets preceded by central cues versus no
cues, and for targets preceded by spatial cues versus central cues. A significant P3b conflict
effect was found over parietal sites, M (SD)=-0.96 (1.97) uV; (41)=-3.17, p<0.01.
Contrary to expectations, the P3b was larger for targets with congruent versus incongruent
flankers. The N450 conflict effect was not significant ({41)=1.57, p=0.13). Grand-average
waveforms for each cue condition are shown for electrode site O1 in Fig. 3. Grand-average
waveforms for the flanker conditions are shown for sites Fz, Cz, and Pz in Fig. 4.

Individual Differences: ERP Amplitude—Individual differences were examined for
components that showed significant main effects of attention (alerting P1, orienting P1, and
conflict P3b). Difference scores were corrected for mean amplitude. Bivariate correlations
between the APSD total score and the ERP attention measures revealed a significant
negative correlation with alerting (=-0.45, p<0.01), indicating weaker alerting among youth
with higher APSD scores (see Fig. 5). This relationship remained significant after
controlling for age, gender, INT, EXT, ADHD, and GEC. Average alerting waveforms for
participants with high (top 20%; n#=7) and low (bottom 20%; n=7) APSD total scores are
presented in Fig. 6. APSD total score was not correlated with ERP indices of orienting
(r=0.23, p=0.15) or conflict (+=0.01, p=0.95).

Subscale Analyses: The relationship between APSD and P1 alerting was comparable and
significant across all APSD subscales (=-0.38, —0.39, and —0.33 for the CU, N, and |
subscales, respectively; all p5<0.05). There were no other significant correlations with any
of the ERP measures (all 15<0.22, p5>0.15).

Breaking Down the Difference Score: To better understand the processes underlying the
reduced P1 alerting effects among youth with higher APSD scores, we examined
correlations between APSD total score and P1 amplitude for each of the three cue conditions
(no cue, central cue, spatial cue). APSD was negatively correlated with the P1 response to
targets preceded by the central cue (/=—0.33, p<0.05), but not with the no cue or spatial cue
conditions (r5s=—0.04 and —0.15, respectively; ps>0.33). In multiple linear regression with
the three cue conditions entered simultaneously, only the central cue condition was
significantly related to APSD, #41)=-3.29, p<0.01. These results suggest that youth with
psychopathic characteristics had particular difficulty using the central cue to prepare for the
upcoming target.

Discussion

We examined the relationships between three attention networks (alerting, orienting, and
executive attention) and psychopathic symptoms in a community sample of youth and found
an association between psychopathic symptoms and reduced attentional alerting. For youth
with higher APSD scores, attention to the target, as assessed by the early sensory response
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over visual cortex (P1), was not improved by the prior presentation of a central, temporal
cue. This relationship between psychopathy and alerting persisted even after controlling for
global executive skills, ADHD symptoms, and symptoms of general psychopathology
(internalizing and externalizing). APSD total scores were not associated with either
behavioral or ERP indices of attentional orienting and executive attention, although there
was evidence of weak executive attention among youth with higher scores on the
Impulsivity subscale.

Despite the strong association between psychopathy and the P1 alerting response, there was
no relationship between psychopathy and the RT measure of alerting. That is, the reduction
in attention indicated by the P1 did not translate to slower behavioral responses to the target.
This finding is consistent with our assumption that ERP measures are more sensitive than
RT measures of alerting and orienting using the ANT (see also MacLeod et al. (2010)). The
behavioral response is well downstream of the initial ERP response to the target (i.e., 700
versus 150 ms) and is affected not only by attention to the target, but also by the processes
involved in discriminating the target from the distractors, resolving flanker interference, and
planning and executing the motor response. RT differences in alerting might be more
evident on simple target-detection tasks that strongly emphasize response speed.

Although psychopathy, when assessed as a unitary construct, is generally not associated
with executive skill deficits, we did find a trend-level positive correlation between APSD
total scores and the reaction-time measure of executive attention (flanker interference).
However, this result was not unique to psychopathy, as evidenced by the lack of correlation
after controlling for externalizing, ADHD, or general executive skill. Subscale analyses
indicated that this result was driven by the Impulsivity subscale. This pattern of findings is
consistent with a host of previous studies linking general antisociality and disinhibition to
poor executive functioning (see Morgan and Lilienfeld 2000). It is also consistent with
studies showing that the antisocial/impulsive symptoms of psychopathy (Factor 2 in two-
factor models) are associated with weaknesses in executive functioning (e.g., Sellbom and
Verona 2007), whereas the core personality features (Factor 1 in two-factor models), like the
syndrome as a whole, are associated with normal or better executive skills (e.g., Ishikawa et
al. 2001).

The lack of group differences on either the N450 or P3b indices of executive attention is
complicated by our failure to find the expected ERP main effects for flanker interference.
Flanker congruency did not significantly affect the amplitude of the N450 component, and
P3b amplitude was unexpectedly larger for congruent than for incongruent flankers. We had
predicted larger P3b amplitudes for incongruent flankers based on previous studies with
children and adolescents (Johnstone et al. 2009; Rueda et al. 2004). However, other studies
have reported smaller P3b amplitudes for incongruent flankers (e.g., Doucet and Stelmack
2000), and our result is consistent with a recent study using the ANT in healthy adults
(Neuhaus et al. 2010). The reasons for the contradictory results across studies are unclear.
Although our lack of group differences in ERP measures of executive attention is consistent
with prior evidence of good executive functioning among psychopathic individuals, further
study may be warranted using tasks that produce more robust ERP main effects for
executive attention.

What might cause the reduced attentional alerting among youth with psychopathic
symptoms? One possibility is that their attention becomes “stuck” on the central, temporal
cue. In contrast to the no cue and spatial cue conditions, the central cue condition presents a
cue in a nontarget location. Upon appearance of the target, participants must move their
attention from the central cue to the target.
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There is some evidence that psychopathic individuals have difficulty shifting their attention.
However, this evidence generally involves shifting between competing tasks under highly
demanding conditions (e.g., Kosson and Newman 1986). Our study involved only one
“task” (i.e., respond to the central arrow) and is therefore unlikely to tap into these task-
shifting weaknesses. In addition, two previous studies that used paradigms with cued shifts
of spatial attention found normal or better attention shifts among psychopathic individuals
(Harpur 1991; Howland et al. 1993).

Another possible explanation is that youth with psychopathic symptoms had more difficulty
estimating the 1-second delay interval between the cue and the target. Interestingly, a recent
study by Luman et al. (2008) found persistent underestimation of a 1-second interval among
youth with ADHD, most of whom also had conduct disorder (CD) and/or oppositional
defiant disorder (ODD). However, there were few correlations between CD/ODD symptoms
and time estimation. Further, Howland et al. (1993) used a spatial cueing paradigm with a 1-
second cue—target interval and found no RT differences between psychopathic and
nonpsychopathic offenders.

Alternatively, the reduced P1 alerting effect among youth with psychopathic symptoms may
arise from deficits in the neurobiological systems that are involved in attentional alerting.
Attentional alerting has been linked to a norepinephrine (NE)-driven network involving the
locus coeruleus (LC) and the right frontal and right lateral parietal cortex (Coull et al. 2001;
Witte and Marrocco 1997). Although psychopathy has not, to our knowledge, previously
been linked with the attentional alerting system, there have been independent suggestions of
both right hemisphere (Hiatt et al. 2002; Hiatt and Newman 2006) and NE (Blair 2003)
involvement in the disorder.

Interestingly, many of the functions that have been associated with the neural underpinnings
of the alerting network, such as conditioned arousal (Sara 1985), attention to unexpected and
potentially aversive stimuli (Brenner and Mirmiran 1988), responsiveness to changing
reward contingencies (Bouret and Sara 2004; Dalley et al. 2001), avoidance of commission
errors (Chamberlain et al. 2006), and the detection of sad facial expressions (Harmer et al.
2001) are similar to functions that are disrupted in psychopathy (Blair and Mitchell 2009;
Hiatt and Newman 2006).

More broadly, alerting network dysfunction could explain, at least in part, the attention
dysfunction postulated by Newman’s RMH (Newman 1998). According to the RMH, most
symptoms of psychopathy can be understood in terms of an attention-related failure to
process potentially important information when it is peripheral to ongoing, goal-directed
behavior (Hiatt and Newman 2006; Newman and Lorenz 2003). Dysfunction in the LC-NE
system may contribute to this failure, as the LC plays an important role in “the ability to
rapidly redirect attention and change the course of action in response to a novel stimulus of
potential behavioral significance” (Benarroch (2009), p. 1701).

Thus, it is at least plausible that alerting network dysfunction could account for many of the
deficits that are characteristic of psychopathy. If our preliminary evidence of alerting system
dysfunction can be replicated and confirmed by future studies, it would suggest the possible
utility of interventions that target alerting network function, via either behavioral (Posner
2008) or pharmacological (e.g., noradrenaline reuptake inhibitors) means.

Interpretation of our findings should be tempered by the limitations of our study. First, our
sample of adolescents was fairly normative and had relatively mild levels of psychopathic
symptoms. Although the relationship between APSD scores and attentional alerting was

robust, it is difficult to argue that this relationship is specific to psychopathy as defined by
Cleckley (1982) and as assessed in adult criminals by the Psychopathy Checklist-Revised
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(PCL-R; Hare 2003). However, it is reassuring that the relationship was unaffected by
controlling for executive functioning and symptoms of ADHD, INT, and EXT. In addition,
previous studies have demonstrated many parallels between APSD and PCL-R results (e.g.,
Blair et al. 2001; Blair et al. 2005; Vitale et al. 2005).

A second limitation is that our ERP measures were based on a relatively small number of
trials, particularly for the cue-related effects. Because the P1 component is relatively small
in amplitude, it is generally recommended that hundreds of trials be administered to reliably
separate the P1 from ongoing background noise (e.g., Luck 2005). The smaller number of
trials in our study may affect the stability of the P1 components, and our finding requires
replication. It is likely that the relatively small number of trials would also make it more
difficult to detect individual differences, and in this respect it is notable that we found
individual differences in P1 but not in the larger P3b component.

In conclusion, we found that youth with higher levels of psychopathic symptoms showed
weaker attentional alerting, as assessed by the P1 ERP response. Attentional orienting and
executive attention were not related to APSD total scores. These findings support attention-
based models of psychopathy and provide evidence of specific deficits in attentional alerting
among youth with psychopathic traits. Deficiencies in attentional alerting may be the result
of abnormal noradrenergic functioning, which may have cascading effects on higher order
cognitive and affective processes.
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a Schematic of ANT trial events, depicting a spatial cue and a left-arrow target with
incongruent flankers; b possible cue conditions (no cue, central cue, lower spatial cue, upper
spatial cue)
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Fig. 2.
The occipital (red), parietal (orange), and medial frontal (6/ue) electrode groups used in
statistical analyses
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Fig. 3.
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Fig. 4.
Target locked grand-average waveforms for incongruent and congruent flankers at Fz, Cz,
and Pz. Target onset occurred at time zero
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Correlation between APSD Total score and the P1 alerting effect
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Target-locked grand average alerting waveforms for participants in the highest and lowest
APSD quintiles. Waveforms are shown for occipital sites O1 and O2. Target onset occurred

at time zero
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Table 1
Descriptive statistics for APSD, CBCL, and BRIEF Measures

Mean t-score SD Range

APSD  Callous—unemotional 48.81 9.23 37-70
Narcissism 48.77 9.46 39-72
Impulsivity 49.93 7.64 35-69
Total 48.35 8.62 35-70

CBCL Internalizing 51.33 11.06 33-72
Externalizing 47.67 8.70 34-64
ADHD 55.40 6.26 50-72

BRIEF  Global executive composite 53.93 923 36-76

APSD Antisocial Process Screening Device, CBCL Child Behavior Checklist, BR/EF Behavior Rating Inventory of Executive Function
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Table 2

Mean reaction times by Cue and Flanker conditions

Mean RT SD

Condition No cue 77353 147.64
Central cue 736.06 141.60

Spatial cue 702.74 136.01

Incongruent 808.85 145.26

Congruent 671.92 135.58

Difference score  Alerting 37.47 32.19
Orienting 33.32  54.66

Conflict 136.93 51.44
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