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ABSTRACT
The attention system of individuals with anxiety disorders may be biased toward threat-related
stimuli. Indeed, this threat bias may play a causal role in the emergence of anxiety. Evidence for
this assertion is drawn from a computerized training paradigm known as Attention Bias
Modification (ABM) where attention is manipulated to bias away from threat. While anxiety is a
developmental disorder with the majority of diagnoses first emerging in childhood, few studies
have examined the role attention bias and ABM may play in children. Less is known concerning
the neural correlates of attention bias and ABM, which have only been investigated in the adult
literature. The goal of the current study is to further our understanding of the neural processes
underlying attention bias and attention training from a developmental perspective, with a specific
focus on children at temperamental risk for anxiety due to high levels of behavioral inhibition.
ABM was shown to decrease N1 and N2 components. Levels of inhibition were shown to
moderate the relation between P2 and social phobia as well as N2 and social phobia. That is, low
behavioral inhibition interacts with low P2 and high N2 to predict high social phobia. No
behavioral differences in threat bias were observed before and after ABM or Placebo training.
These results suggest that ERPs may be more sensitive at capturing changes in attention patterns.
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Introduction
From the first moments of life, we rely on attention in order to navigate our
environments, selectively attending to aspects of the world that are relevant to our current goals
while ignoring irrelevant input. Posner (1978) defined attention as a limited capacity mechanism
that facilitates the perceptual discrimination of stimuli. Yet, at the same time, we have to retain
enough flexibility to shift gears as we encounter new and unexpected information that either
updates or disrupts our current goals. Attention is central to achieving this balance because it acts
as a filter to help determine which aspects of our world receive more in depth processing and
shape our subsequent thinking and behavior. If the attentional filter is biased, then the
information we rely on in order to judge the nature of our environment and choose our responses
to it will also be biased.
Social information processing models proposed by Crick and Dodge (1994) posit that
children come to novel social situations with a set of biologically limited capabilities and a
database of prior experiences. Children then use these available information to (1) encode cues,
(2) interpret and mentally represent these cues, (3) clarify or select a goal, (4) generate responses,
(5) decide on a response, and finally, (6) behaviorally enact the chosen response. Attention bias
comes into play at the very first step of cue encoding, which might activate a cascading effect in
which the biased encoding of threat-related information influences children’s subsequent
interpretation and appraisal of threat and ultimately, their choice of behavioral responses. The
process is cyclical and may lead to more deeply embedded information processing biases
throughout development. In this way, basic attention mechanisms may come to influence social
and emotional functioning. For example, individuals who preferentially attend to threat show
increased signs of anxiety and social withdrawal. In other words, the attention system of anxious
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individuals may be biased in favor of threatening stimuli (Bar-Haim et al., 2007; Mogg &
Bradley, 1998).
The first stage of processing threat information, known as the orienting stage, involves a
very rapid, automatic recognition of a stimulus that is involuntary and generally outside of
conscious awareness (Beck & Clark, 1997). The primary function of this stage is to identify
stimuli and assign an initial processing priority through the allocation of attentional resources,
particularly prioritizing stimuli or situations that threaten the survival of the individual. Rapidly
processing threatening information is evolutionarily adaptive as it optimizes our chances of
survival (Beck, 1985). While negative stimuli are indeed more likely to threaten our vital
resources than positive information, the problem in anxiety – from an information processing
perspective – is that the initial encoding of cues is excessively tuned to detect negative stimuli
(Mogg & Bradley, 1999).
Based on the assumption that attention biases play a causal role in anxiety, researchers
have begun to investigate the effects of altering this attention bias, coined Attention Bias
Modification (ABM). In ABM, individuals are trained to implicitly avoid threat via a
computerized dot-probe paradigm (MacLeod, Mathews, & Tata, 1986). In the dot-probe task,
individuals are shown a pair of non-threatening and threatening stimuli (e.g, faces)
simultaneously. The stimuli are then removed and a probe is presented in one of the two stimulus
locations. Participants are asked to respond to the orientation of the probe by pressing one of two
pre-specified buttons. Performance in the standard dot-probe task is commonly used to assess the
direction and magnitude of an individual’s attention bias (Bar-Haim et al., 2007). In ABM, the
probe always replaces the non-threatening stimulus, hence re-directing attention away from
threat. Experimentally manipulating the attention bias toward or away from threat can exacerbate
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or ameliorate levels of social withdrawal and anxiety (Bar-Haim et al., 2007). ABM has been
shown to alter threat bias in adults (Hakamata et al., 2010), reduce clinical symptoms in anxious
individuals when trained away from threat (Amir, 2009; Eldar et al., 2012), and induce anxiety
symptoms in healthy adults when they are trained toward threat (Mathews & MacLeod, 2002).
These findings support the argument that attention biases may play a causal role in the
emergence of anxiety.
Attention bias in Childhood
Anxiety is a developmental disorder with the vast majority of cases first emerging during
childhood (Rapee, Schniering, & Hudson, 2009). However, only five studies to date (Bar-Haim,
Morag, & Glickman, 2011; Eldar, Ricon, & Bar-Haim, 2008; Eldar et al., 2012; Waters et al.,
2013) have examined the role of attention bias and effects of ABM among children. Eldar and
colleagues (2008) conducted a study with non-anxious children ages 7-12 years, who were
randomly assigned to train toward or away from threat (angry faces). Children who were trained
toward threat displayed an attention bias toward threat, as assessed by the dot-probe task. These
children also reported elevations in anxiety following a stress-induction task involving difficult
puzzles. Children who were trained away from threat (and toward neutral faces) neither
developed an attention bias nor reported elevated levels of anxiety following stress induction.
These findings, consistent with the adult literature, suggest that biased attentional responses to
threat can be induced and this attention bias may increase the tendency to experience anxiety in
the face of stress.
Bar-Haim et al. (2011) tested the effects of ABM in reducing stress vulnerability in
highly anxious 10-year-olds. In this study, an emotional variant of Posner's cueing task (Posner,
1980) was used, where a face cue (angry or neutral) appears at either one of two locations,
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followed by a target probe in the cued or alternative location. Anxious children who were trained
to neutral cues were faster to disengage from the angry cue and reported less state anxiety
following a stress induction task of completing difficult puzzles (as described above). These
findings support the notion that modifying attention bias away from threat might reduce stress
vulnerability.
Eldar et al. (2012) extended ABM research to children clinically diagnosed with anxiety
disorders. In this double-blind randomized control study, the dot-probe task was used to assess
threat bias and its variants were used for attention training. Children ages 8-14 either received
ABM training (away from angry faces), placebo training (no manipulation of the probe location),
or placebo-neutral training (neutral faces only). Following four weekly training sessions, only
children in the ABM group showed reductions in threat bias. Further, the number of anxiety
symptoms and symptom severity ratings derived from clinician interviews significantly
decreased for only children in the ABM group. Finally, Waters and colleagues (2013) trained
clinically anxious children ages 7-13 years to search for a happy face among angry faces in 3 x 3
matrices. In the control condition, children searched for a bird among flowers. Children who
received training toward happy faces developed an attention bias toward happy faces, as assessed
by the dot-probe task. While both the training and control groups showed reductions in clinicianrated number of diagnostic symptoms at outcome assessment, 50% of children trained toward
happy stimuli no longer met diagnostic criteria for anxiety (versus 8% in the control group).
Findings from these two studies support the efficacy of ABM in altering attention bias and
reducing clinical symptoms of anxiety among children diagnosed with anxiety disorders.
Most recently, Shechner and colleagues (2014) investigated the efficacy in ABM with 63
children ages 6 to 18 seeking treatment for anxiety. The children were assigned to one of three
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groups: (1) ABM + CBT, (2) ABM Placebo + CBT, or (3) CBT. Parental and clinician ratings of
anxiety symptoms were collected. Results showed that both the ABM + CBT and ABM Placebo
+ CBT groups significantly reduced anxiety symptoms as rated by a clinician. Only the ABM +
CBT group, however, showed significant reductions in parental ratings of anxiety symptoms.
Further, all three groups started with an attention bias toward threat and this attention pattern
shifted post-treatment to being away from threat. Shechner and colleagues concluded that
performing the computerized dot-probe, whether ABM or Placebo, helped augment the clinical
response to CBT.
Taken together, we have initial evidence that attention bias can be induced and more
importantly, altered to disengage from threat in childhood. The goal of the current study is to
further our understanding of the underlying mechanisms of attention bias and attention training
in middle childhood. In doing so, I will focus on children at temperamental risk for anxiety due
to high levels of behavioral inhibition.
Attention bias and Temperament
Behavioral inhibition (BI) is a biologically based temperament in which the tendency to
display signs of fear in response to novelty is exacerbated. Garcia-Coll, Kagan, and Reznick
(1984) first coined the term behavioral inhibition to describe children initially assessed at age
two who were extremely shy and withdrawn when experiencing novel situations or interacting
with unfamiliar people. Longitudinal studies have pointed to the relatively stable profile of BI
(see Degnan & Fox, 2007 for review). As behaviorally inhibited children mature, they can
increasingly fear social circumstances and can display poorly regulated social behavior, which
potentially leads to peer rejection, internalizing problems, and poor social competence (Fox et
al., 2005).
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Behavioral inhibition has also been shown to be a risk factor for anxiety (Fox & Pine,
2012; Kagan & Snidman, 1999; Pérez-Edgar & Fox, 2005). The pattern of anxious behaviors,
social withdrawal, and negative affect observed in BI children are also symptoms used to
diagnose anxiety disorders. Rosenbaum and colleagues (1988) conducted a study with children
ages 2 to 7, whose parents were undergoing treatment for anxiety disorders. Results indicated
that these children have higher incidences of behavioral inhibition compared to children of nonanxious parents, suggesting a familial or biological link between BI and anxiety. In a
retrospective study, Biederman et al. (1990) found that behaviorally inhibited children were more
likely to develop multiple diagnoses of anxiety and mood disorders in middle childhood relative
to healthy controls. Schwartz et al. (1999) assessed adolescents who had been previously
classified as inhibited or uninhibited at 2 years of age. At 13 years of age, 61% of participants
who had been inhibited at age 2 reported social anxiety symptoms. Taken together, these studies
provide evidence for BI as a strong predictor of risk for later psychopathology, particularly
anxiety disorders.
Recent work suggests that attention bias to threat may play a central role in shaping the
trajectory from a behaviorally inhibited temperament to developing anxiety. In a longitudinal
study by Pérez-Edgar and colleagues (2011), children with a BI profile at age 2-3 years exhibited
social withdrawal by age 5. Importantly, this relationship was moderated by attention bias such
that the relation from BI to social withdrawal was only significant in children who displayed a
threat bias, as assessed by the dot-probe task. Similarly, Pérez-Edgar and colleagues (2010)
found that adolescents at age 15 with a history of BI during childhood showed increased levels of
threat bias. Further, this threat bias again moderated the trajectory of childhood BI to social
withdrawal in adolescence. Taken together, the link between early BI and increased levels of
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social withdrawal later in life may be sustained by displays of heightened attention biases toward
threat, in line with research indicating that attention biases to threat play a causal role in the
emergence and maintenance of anxiety (Bar-Haim et al., 2007).
This potential causal relation suggests that modifying attention bias away from threat
may lessen the risk for anxiety in behaviorally inhibited children. However, we know very little
concerning the underlying mechanisms through which ABM may be affecting change. This
includes any potential neural correlates of attention bias and ABM. The goal of the current study
is to further our understanding of the neural correlates of attention bias to threat and ABM in
children at-risk for anxiety.
Attention bias and ERP components
Event-related potentials (ERPs) provide a noninvasive means to examine electrocortical
responses of the brain that are time-locked to specific sensory or cognitive stimuli to reflect the
psychological processes underlying cognition and behavior (Luck, 2005). The ability to capture
changes in brain activities within milliseconds makes ERPs a powerful and sensitive candidate to
study early, automatic attentional processes relating to the threat bias.
ERP waveforms consist of a series of positive and negative voltage deflections, denoted
as P and N respectively. The P1 and N1 components represent early, automatic visuospatial
orienting of attention (Hillyard & Anllo-Vento, 1998; Luck et al., 1990). The P2 and N2
components reflect top-down, higher-level cognitive processing of information. Specifically, the
P2 component has been associated with emotion evaluation (Carretie et al., 2001; Huang & Luo,
2006) and attention disengagement (Bar-Haim et al., 2005). The N2 component reflects attention
control (vanVeen & Carter, 2002) and conflict monitoring (Dennis & Chen, 2007; 2009) relating
to efforts at diverting attention away from threat.
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Threatening stimuli have been shown to elicit higher P1 (Li et al., 2005) and P2 (BarHaim et al., 2005) amplitudes in anxious relative to non-anxious participants. This implies that
anxious individuals are more alert (P1) and evaluative (P2) toward threatening stimuli. Studies
on the plasticity of ERP components indicate that the amplitudes of N1 and P2 components
decrease with repeated stimulus exposure (Carretie et al., 2003; Kotchoubey et al., 1997),
whereas the N2 amplitudes increase (Kotchoubey et al., 1997). Taken together, these findings
suggest that the allocation of resources toward orienting attention decreases over time while the
allocation of resources to control and inhibit attention may continue regardless of the duration of
exposure.
ERPs and the dot-probe. To date, 21 studies have used ERPs during the administration
of the dot-probe task or its variant to track the time course of attention processing to threatening
and nonthreatening stimuli in adults. They yielded mixed results. Seven studies found greater P1
amplitude to angry or threatening stimuli in highly anxious or social phobic participants (Carretie
et. al, 2001; Helfinstein et. al; 2008; Kolassa et. al, 2006; Kolassa & Miltner, 2006; Li et. al
2007; Mueller et. al, 2009; Rossignol et. al, 2013). Two studies found reduced P1 amplitude to
angry faces in participants with anxiety or panic disorder (Bar-Haim et al., 2005; Thomas et. al
2013). Four studies found no significant effects of the P1 amplitude (Batty & Taylor, 2003;
Dennis et. al, 2009; Eldar et. al, 2010; Pollack & Tolley-Schell, 2003). The remaining studies did
not report findings regarding the P1.
Eight studies found greater N1 amplitude to angry or threatening stimuli in individuals
with anxiety or PTSD (Al-Abduljawad et. al, 2008; Bar-Haim et al., 2005; Batty & Taylor, 2003;
Klimova et. al, 2013; Kolassa et. al, 2006; Kolassa & Miltner, 2006; Sun et. al 2012; Yang et. al,
2012). Three studies found the opposite effect (Dennis et. al, 2009; Helfinstein et. al, 2008; Yang
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et. al, 2012). Three studies yielded non-significant results regarding the N1 (Eldar et. al, 2010;
Pollack & Tolley-Schell, 2003; Thomas et. al 2007).
Five studies reported greater P2 amplitude to angry or threatening stimuli (AlAbduljawad et. al, 2008; Bar-Haim, 2005; Carretie et. al, 2001; Eldar et. al, 2010; Helfinstein et.
al, 2008; Thomas et. al 2007). One study reported attenuated P2 amplitude to threat-content
words (Yang et. al, 2012). Two studies found greater N2 amplitude to angry faces (Fox et. al,
2008; Klimova et. al, 2013). One study found the opposite effect (Carretie et. al, 2001). The
remaining ERP studies did not report findings regarding the N2. Taken together, the existing
ERP literature on components time-locked to face displays remains hazy and needs further
investigation.
Only five studies reported findings regarding ERPs time-locked to probe displays. Four
studies found greater P1 amplitude to probes replacing angry faces versus neutral faces (Fox et
al, 2008; Li et. al, 2004; Pourtois et. al, 2004; Rossingol et. al, 2013). One study found the
opposite effect, where the P1 amplitude to probes replacing angry faces is reduced (Mueller et.
al, 2009). In summary, these studies provide some evidence that initial threat bias is driven by an
early capture of attention processing as well as later emotional processing.
ERPs and Attention Training. The current literature on the effect of ABM on ERPs
remains scarce as only three studies to date, all within the adult literature, investigated the
changes in ERP components following attention training. Eldar and Bar-Haim (2010) found that
anxious individuals who underwent ABM training showed reductions in P2 amplitudes and
augmentations in N2 amplitudes to angry-neutral face pairs. The opposite trend was observed in
the placebo group. No changes were observed in the non-anxious sample. These findings
indicate overall reductions in the processing of emotional content (P2) and greater conflict
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monitoring (N2) post-ABM training.
In a study by O'Toole and Dennis (2012), healthy adults were trained away or toward
threat. In this sample, no training group differences in ERPs to face cues were found. Changes in
ERP amplitudes (decreases in P1, N1, and N2 components and increases in P2 and P3
components) were significant pre- and post-training, regardless of group assignment. This could
be due to the lack of selection for pre-training attention bias. The study did find a significant
reduction in P1 amplitude to all face cues (both threatening and nonthreatening) following
training away from threat, suggesting a habituation effect where ABM reduces the early,
automatic processing of attention to face cues. Suway and colleagues (2013) found that
nonanxious female participants who were trained toward threat had an increase in P2 amplitude
whereas the placebo group did not. Attention training did not affect the N1 and P1 amplitudes.
As reviewed above, anxiety emerges in childhood and data suggest that attention biases
to threat may play a causal role. However, no empirical studies to date have examined the effects
of ABM among children at-risk for anxiety. Further, there have only been three studies, all in the
adult literature, examining training effects on the rapid attentional processing of threat (Eldar &
Bar-Haim, 2010; O’Toole & Dennis, 2012; Suway et al., 2013). The current study aims to fill
this critical, developmental gap by examining the behavioral and neurophysiological effects of
ABM in children temperamentally at-risk for anxiety. This study is the first to examine ERP
components pre- and post-ABM in middle childhood in an effort to further our understanding of
the neural processes underlying attention bias and attention training.
Specific Aims and Hypotheses
Aim 1: To document electrophysiological patterns of the automatic processing of threat in
BI and BN children.
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I predict higher P1, N1, P2, and N2 amplitudes to angry faces in BI children compared to
BN children at baseline.
Aim 2: To assess the effectiveness of ABM by examining behavioral (threat bias and
anxiety levels) and neurophysiological (ERP components to face cues) changes before and after
training.
I predict threat bias, anxiety levels, and ERP components (P1, N1, and P2) to angryneutral face pairs to decrease after ABM training. I predict N2 amplitudes to angryneutral face pairs to increase after ABM training.
I expect neither behavioral nor neurophysiological changes in the placebo group.
Aim 3: To examine, as exploratory analyses, whether (1) levels of inhibition moderate
initial ERP components and social phobia at outcome and whether (2) ERP amplitudes
mediate the relation between initial threat bias and social phobia at outcome.
Methods
Participants
Interested families with children between the ages of 9 and 12 years were recruited using
the FIRST Families database from The Pennsylvania State University. 281 families completed
the Behavioral Inhibition Questionnaire (BIQ; Bishop, Spence, & McDonald, 2003). Of these, 83
met BI criteria and 40 (13 M, mean age = 10.12 years, SD = 0.91) participated in the current
task. An additional 45 (19 M, mean age = 10.11 years, SD = 1.05) BN (behavioral noninhibition) participants were chosen as a comparison group for the analyses. Of the 40 BI
participants, at baseline, 13 participants yielded non-usable data due to experimenter’s error and
4 yielded non-useable data due to excessive artifacts, resulting in 23 participants with full data
for analysis (see Figure 1). 4 BI participants were unable to participate in the outcome visit, 13
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participants’ data were loss due to experimenter’s error, and 3 had excessive motion artifacts,
resulting in 20 participants with full data for analysis. Of the 45 BN participants, 5 yielded nonusable ERP data due to excessive artifacts.

Figure 1. Participant flow chart
Procedure
BI participants were assessed at two time points – baseline and outcome (Table 1). At the
baseline visit, participants performed the dot-probe task (Figure 2) to assess initial levels of bias
toward threat. They also performed the dot-probe while EEG signals were collected across the
entire scalp to extract ERP components. Primary caregivers also completed the Screen for Child
Anxiety Related Emotional Disorders (SCARED; Birmaher et al., 1999) to assess symptoms of
anxiety. Using a random number generator and double-blind approach, BI participants were
assigned to either the ABM training or placebo group. Following the baseline visit, BI
participants received four weekly training (or placebo) sessions in their homes. At the end of four
weeks, participants had an outcome assessment, repeating the original dot-probe task,
questionnaire, and ERP measures. The BN comparison group did not undergo attention training
and were only assessed once for threat bias, symptoms of anxiety, and ERP measures. All
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participants were compensated for their participation in the study.
BI
Baseline
Dot-probe
ERPs
SCARED

Training
4 weekly sessions of either
ABM or Placebo training

Outcome
Dot-probe
ERPs
SCARED

BN
Baseline
Dot-probe
ERPs
SCARED

Table 1. Overview of study design and procedures.

Questionnaires
The Behavioral Inhibition Questionnaire (BIQ; Bishop, Spence, & McDonald, 2003), a
30-item measure, was used to select for BI and BN children. The BIQ asked parents to rate their
children’s behavior in response to novelty on a 7-point Likert scale ranging from 1 (Hardly Ever)
to 7 (Almost Always). The BIQ provided scores across three domains: Social Novelty,
Situational Novelty, and Physical Risk. Children at risk for anxiety and therefore classified as BI
were identified as having a total score of 116 or higher on the BIQ or having a score of 60 or
higher on the Social Novelty subscale of the BIQ.
To assess symptoms of anxiety, the 41-item Screen for Child Anxiety Related Emotional
Disorders (SCARED; Birmaher et al., 1999) was used. Participants were asked to rate their
behavior on a 3-point Likert scale ranging from 0 (Hardly Ever True) to 2 (Often True). This
measure provided scores on five anxiety-related scales: Panic, Generalized Anxiety, Separation
Anxiety, Social Anxiety, and School Phobia. The
SCARED also provided a Total Score of anxiety.
Dot-Probe Paradigm
The dot-probe task (Figure 2) was first
designed by MacLeod et al. (1986) to measure
attention bias toward threat. In this version of the
task, two stimuli – one threat-related and one

Figure 2. The dot-probe task assessing
attention bias to threat.
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neutral – were shown simultaneously for a brief period. Then, a small probe followed in the
location just occupied by one stimulus. Participants were required to respond to the probe as
quickly as possible while not compromising accuracy. Response latencies on the task capture the
distribution of the participant’s attention, with faster responses to probes presented in the
attended relative to the unattended stimulus location. Attention bias to threat is evident when
participants are faster to respond to probes that replace threat-related rather than neutral stimuli.
The face stimuli were comprised of colored photographs of 16 different individuals (8
male, 8 female) taken from the NimStim stimulus set (Tottenham et al., 2009). Participants were
presented with pairs of faces (neutral-angry or neutral-neutral). Each face pair was comprised of
pictures of the same person. Each trial began with the presentation of a fixation display at the
center of the screen, where participants were asked to focus their gaze. The fixation display
lasted 500 ms and was followed by a face pair display for 500 ms. The face photographs were
presented equidistant from the fixation cross. Immediately following the faces, a target probe
appeared for 1100 ms, after which the screen went blank for 500 ms before a new trial begins.
The target probe was either a < or > symbol. Participants were required to determine the
orientation of the symbol by pressing one of two pre-specified buttons on the mouse (left or right
click). Trials advanced regardless of accuracy in response.
Across trials, the angry face was equally likely positioned on the top or on the bottom,
and the symbol orientation was equally likely facing the left (<) or right (>) direction. There
were a total of 240 trials, presented in two equal blocks of 120 trials each. In total, participants
were presented with 160 Angry/Neutral and 80 Neutral/Neutral face pairs. Trials were
counterbalanced across emotion face location, probe location, probe orientation, gender of face,
and type of emotion. The task was administered using the E-Prime software package version 2.0
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(Psychology Software Tools, Pittsburgh, PA).
Trials with incorrect responses, RTs less than 200 ms, or RTs ±2 SDs from the
individual’s mean were removed before analysis. Attention bias scores were calculated by
subtracting the mean RT when the target probe replaces the angry face (congruent trials) from
the mean RT when the probe replaces the neutral face (incongruent trials). Positive values
indicate vigilance toward threat (angry face) and negative scores indicate avoidance of threat.
Attention Bias Modification (ABM)
In ABM, the dot-probe task was modified so that the target always appears in the location
of the neutral face stimuli, providing implicit training away from threat (angry faces). New face
stimuli were selected from the NimStim set. In the placebo group, participants repeated the same
dot-probe task as at baseline, where there was no manipulation of the probe location. There were
four weekly sessions of ABM (or placebo) training.
Electrophysiological Recording
Electroencephalogram (EEG) activity was recorded continuously during performance of
the dot-probe task using a 128-channel geodesic sensor net (Electrical Geodesics Inc., Eugene,
Oregon) at the Human Electrophysiology Facility at The Pennsylvania State University. The data
from each channel were digitized at a 512 Hz sampling rate, with band pass settings of 0.1 to 40
Hz. Vertical eye movements were recorded from electrodes placed approximately 1 cm above
and below the right eye. Horizontal eye movements were monitored with electrodes placed
approximately 1 cm at the outer canthi of each eye. All data preparation after recording was
conducted using Brain Vision Analyzer (Brain Products GmbH, Germany). Eye blinks and
movement artifact were regressed out of the EEG data, using the Gratton method (Gratton,
Coles, & Donchin, 1983). Channels were re-referenced to the average of the left and right
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mastoids. Epochs were segmented 100 ms before baseline and 500 ms after display onset. EEG
signals with artifacts exceeding +/- 100 μV were removed.
Event-related potentials (ERPs) were time locked to both the face and probe displays.
Only trials with correct response were included in analyses. Peak amplitudes were generated to
the face cues and probes separately for angry-neutral and neutral-neutral trials for each ERP
component. Trials were then averaged together to create mean ERPs for each participant. Based
on our grand average waveforms and the existing literature (e.g., Eldar & Bar-Haim, 2010;
O’Toole & Dennis, 2012), peaks for the N1 component were extracted from 75 ms to 175 ms,
over frontal electrodes (22, 9, 18, 16, 10, 23, 3, 33, 27, 19, 11, 4, 124, 123, 122, 24, 28, 20, 12, 5,
118, 117) and then averaged into one composite; peaks for the N2 component were extracted
from 300 ms to 400 ms over frontal electrodes; peaks for the P2 component were extracted from
150 ms to 275 ms over frontal electrodes and then averaged into one composite.
Results
The first aim of the current study is to document behavioral and electrophysiological
patterns of the automatic processing of threat in BI and BN children. As expected, parents rated
BI participants as more anxious than BN participants across all SCARED and BIQ subscales
(p’s<0.05). Threat bias at baseline, however, did not differ between BI and BN participants (see
Table 2).

BIQ Subscales

BN
Total BIQ
Social Novelty: Adult
Social Novelty: Peers
Social Novelty: Performance
Total Social Novelty
Situational Novelty: Separation
Situational Novelty: New Situation
Situational Novelty: Physical Challenge

Mean
71.07
11.00
15.44
10.74
37.19
8.22
17.56
8.11

S.D.
21.16
5.71
6.06
4.45
12.04
2.79
6.47
3.43

BI
Mean
124.1
20.54
27.48
19.12
67.14
14.50
32.23
10.23

S.D.
16.82
4.30
5.04
5.23
9.86
4.40
6.41
5.32
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SCARED
Subscales

Total Situational Novelty
33.89 10.45
56.96
Panic
0.56
0.75
1.23
General Anxiety
2.78
3.58
4.73
Separation Anxiety
1.44
1.97
3.15
Social Phobia
2.44
2.98
7.19
School Phobia
0.15
0.46
0.92
Total SCARED
7.37
7.36
17.23
Threat Bias
5.70
16.74
0.43
Table 2. Means and standard deviations of behavioral measures at baseline

11.96
1.31
3.39
3.51
2.99
1.29
8.95
16.35

Independent t-tests comparing the BI and BN groups at baseline revealed that the groups
differed in N2 amplitude time-locked to neutral faces, t(60)=2.63, p<0.01, with BI participants
showing smaller N2 amplitudes to neutral faces (BI=-4.88, SD=3.26, BN=-7.25, SD=3.67).
There were no differences for N2 amplitudes time-locked to Angry/Neutral face pairs,
t(63)=0.74, p=0.46. There were no differences between BI and BN participants for P1 and N1
amplitudes (p’s>0.05; see Table 3). These findings do not support my hypotheses for Aim 1.
That is, the BI and BN groups do not differ in ERP amplitudes time-locked to Angry/Neutral
face pairs at baseline.
BN
BI
BN
BI
(Angry/Neutral) (Angry/Neutral) (Neutral/Neutral) (Neutral/Neutral)
Mean
S.D.
Mean
S.D.
Mean
S.D.
Mean
S.D.
N1
-6.73
3.76
-6.08
4.64
-7.11
4.26
-5.58
4.06
N2
-6.10
2.90
-5.58
3.69
-7.04
3.47
-5.04
3.23
P2
5.31
3.52
6.14
4.84
5.69
2.94
8.11
5.28
Table 3. Means and standard deviations of ERP components at baseline
The second aim of the current study is to assess the effectiveness of ABM by examining
behavioral and ERP changes before and after training. These analyses are preliminary. Due to
error and data loss (Figure 1), only 20 participants had outcome data. By chance, 15 had been
randomized to Placebo, and only 5 to ABM.
2(Time: Baseline, Outcome) x 2(Training: ABM, Placebo) repeated measures ANOVAs
revealed a main effect of training for the N1 and N2 components. ABM decreased N1 amplitude

18
whereas Placebo had the opposite effect, F(1, 19)=10.70, p<.01 (Figure 3). For the ABM group,
the decrease in N1 from baseline to outcome is significant (t=-3.22, p<.05). For the Placebo
group, the increase in N1 from baseline to outcome is significant (t=2.62, p<.05). ABM also
decreased N2 amplitude whereas Placebo had the opposite effect, F(1,19)=7.32, p<.05 (Figure
4). For the ABM group, the decrease in N2 from baseline to outcome is not significant (t=-1.67,
p>.05). For the Placebo group, the increase in N2 from baseline to outcome is significant
(t=2.93, p<.05). No differences were found in the P2 amplitude.
-4.50
-5.00

N1 Amplitude

-5.50
-6.00
Placebo

-6.50

ABM

-7.00
-7.50
-8.00
-8.50

Baseline

Outcome

Figure 3. ABM decreased N1 amplitude
-2.50

N2 Amplitude

-3.00
-3.50
-4.00

Placebo

-4.50

ABM

-5.00
-5.50
-6.00
-6.50

Baseline

Outcome

Figure 4. ABM decreased N2 amplitude
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2(Time: Baseline, Outcome) x 2(Training: ABM, Placebo) repeated measures ANOVAs
revealed no significant differences in threat bias (p’s>0.05) or SCARED subscales (p’s>0.05)
(see Table 4).
ABM

Placebo

SCARED
Subscales

Mean
S.D.
Mean
Panic
0.40
0.89
0.73
General Anxiety
4.60
4.34
5.45
Separation Anxiety
3.80
5.31
3.00
Social Phobia
6.20
3.70
7.55
School Phobia
1.20
1.64
1.18
Total SCARED
16.20
9.31
17.91
Threat Bias
0.66
12.24
-0.51
Table 4. Means and standard deviations of behavioral measures at outcome.

S.D.
1.01
3.33
2.49
2.34
1.47
7.84
13.36

These findings partially support my hypotheses for Aim 2. That is, ABM decreased the
N1 amplitude as expected. However, the decrease in N2 amplitude following ABM training was
contrary to my prediction. ERP changes in the Placebo group were also unexpected.
The third aim of the current study is to examine whether (1) levels of inhibition moderate
the relation between initial ERP components and social phobia at outcome and whether (2) ERP
amplitudes mediate the relation between initial threat bias and social phobia at outcome.
Toward the first part of this aim, I performed linear regressions with total BIQ, ERP
amplitude, and interaction term (total BIQ x ERP) as predictors. When factoring in total BIQ as a
moderator for the relation between each ERP amplitude at baseline and social phobia at outcome
for the BI group, two significant interactions were found.
Total BIQ moderated the relation between P2 amplitude time-locked to Angry/Neutral
faces at baseline and social phobia at outcome, F(1,19)=4.84, R2=0.51, ∆R2=0.22, β=1.66, p<.05
(Figure 5, Table 5). This interaction was also evident for the N2, F(1,19)=9.66, R2=0.70
∆R2=0.41, β=-1.37, p<.01 (Figure 6, Table 6). Follow-up analyses using plus and minus 1 SD
found that social phobia decreased with increases in P2 amplitude for the participants with low
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levels of BI. For participants at the extreme of BI, there was no relation between amplitude and
social phobia. On the other hand, social phobia increased with increases in N2 amplitude for the
participants with low levels of BI. For participants at the extreme of BI, there was no relation
between N2 amplitude and social phobia.
8

Social Phobia

7
6
5

4

Low Total BIQ
High Total BIQ

3
2
1
0
-1

Low P2 Amplitude

High P2 Amplitude

Figure 5. Total BIQ moderated the relation between P2 amplitude at baseline and social phobia
at outcome for the BI group.
Social Phobia
Variable
Step 1
Step 2
Intercept
1.461
2.55*
P2
.131
-1.49
BIQ
.663*
.421
Interaction
1.66*
2
Overall R
.29
.51
∆R2
.22
Table 5. BI moderated P2 at baseline and social phobia at outcome
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4

Social Phobia

3
2
Low Total BIQ
High Total BIQ

1
0
Low N2 Amplitude

High N2 Amplitude

-1
-2

Figure 6. Total BIQ moderated the relation between N2 amplitude at baseline and social phobia
at outcome for the BI group.
Social Phobia
Variable
Step 1
Step 2
Intercept
1.69
1.64
N2
.11
1.10*
BIQ
.58
.95**
Interaction
-1.37**
Overall R2 .29
.70
2
∆R
.41
Table 6. BI moderated N2 at baseline and social phobia at outcome
Exploratory mediation analyses were performed with ERP components as the proposed
mediator for the relation between threat bias at baseline and social phobia at outcome, but these
models yielded non-significant findings. Overall, my hypotheses for Aim 3 were partially
supported in that levels of inhibition moderated the relation between P2 and N2 at baseline with
social phobia at outcome.
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Discussion
This study is the first to examine neurophysiological patterns of attention via the dotprobe paradigm and potential neurophysiological changes due to ABM training in children. The
study had three aims: (1) to document electrophysiological patterns of threat processing in BI
and BN children, (2) to assess the effectiveness of ABM in shifting attention patterns evidenced
in behavioral and electrophysiological measures, and (3) to examine how levels of inhibition
may moderate the relation between ERPs and social phobia and whether ERPs mediate the
relation between threat bias and social phobia. Five main findings emerged, supporting the use of
ERPs as a sensitive measure for tracking the chronometry of attention processing and as potential
markers of attention bias modification.
First, BI and BN groups differed in N2 amplitude time-locked to neutral faces, with BI
participants showing attenuated N2 amplitudes to neutral faces. Although non-significant, BI
participants showed greater N2 amplitude to Angry/Neutral face pairs compared to
Neutral/Neutral faces as well as when compared to BN participants. These results imply that BI
participants employ more cognitive control in processing Angry/Neutral face pairs. On the other
hand, BN participants perhaps found neutral faces more ambiguous and therefore employed
greater cognitive load in processing them.
Second, ABM decreased N1 amplitude time-locked to Angry/Neutral face pairs. The N1
component is thought to underlie attentional orientation and discriminative processing (Hillyard
& Anllo-Vento, 1998; Vogel & Luck, 2000). A decrease in N1 amplitude suggests that children
who underwent ABM no longer differentiated face emotions or focused their attention to
particular facial expressions. This finding is consistent with the two ABM studies (Eldar & BarHaim, 2010; O’Toole & Dennis, 2012), which reported reduced N1 amplitude following ABM
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training. Modulations in N1 suggest that ABM affects change by influencing early spatial
attention. This, in turn, indicates that attention bias is manifested via an early, relatively
automatic process.
Third, ABM also decreased N2 amplitude time-locked to Angry/Neutral face pairs. This
finding contradicts the only other ABM study (Eldar & Bar-Haim, 2010) that reported changes in
N2 amplitude. They found an increase in amplitude after ABM treatment among anxious
individuals. The N2 is believed to underlie cognitive control, perhaps relating to efforts at
diverting attention away from threat (Dennis & Chen, 2007). Eldar & Bar-Haim (2010)
suggested that their results demonstrated ABM’s efficacy in assisting participants to gain better
control over their attention resources to ultimately avoid threat. It is not surprising that the
current study did not show an increase in N2 amplitude, as threat bias levels were not significant
and did not shift between baseline and outcome, regardless of ABM or Placebo group. A
decrease in N2 might demonstrate that repeated exposures to the task minimized its cognitive
load. However, it remains unclear why N2 amplitude increased for the Placebo group, who also
did not show threat bias at baseline or outcome. Future studies should examine whether changes
in N2 amplitude following ABM or Placebo would also influence performance on executive
tasks thought to evoke the N2, such as the Flanker task. This will help clarify whether the
observed shift in N2 amplitude following ABM or Placebo training is specific to processing face
emotions or to more general shifts in how cognitive resources are allocated.
Fourth, levels of behavioral inhibition moderated the relation between P2 amplitude at
baseline and social phobia at outcome, regardless of ABM or Placebo group. The P2 component
has been associated with emotion evaluation (Carretie et al., 2001; Huang & Luo, 2006) and
attention disengagement (Bar-Haim et al., 2005). In the current study, P2 amplitude at baseline
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predicted levels of social phobia at outcome only when behavioral inhibition (at baseline) is
relatively low. This novel finding suggests that lower levels of emotion evaluation, as indexed by
P2 amplitude, may be associated with social phobia only with tapered levels of behavioral
inhibition. Perhaps a low P2 thwarts accurate judgment of emotions and prevents appropriate
affective response in a more real-world setting. This hypothesis should be tested empirically.
Future work should examine the P2 in response to threatening stimuli that are social-emotionally
relevant and taxing, such as the Iowa Gambling Task or the emotional Stroop task. Such studies
may reveal that patterns of P2 are associated with affective decision making and may be linked
to social outcomes such as social phobia.
In light of the present finding, clinical research should focus not only on attention bias
modification, but also on the higher-order evaluation of emotional experiences. For example,
researchers (e.g., Bishop et al., 2004; MacLean et al., 2010) have begun to look at the
effectiveness of mindfulness meditation in maintaining non-judgment evaluations and promoting
attentional flexibility. Studies have shown that mindfulness training reduced psychological
morbidity associated with medical illness (Bishop et al., 2004; Carlson et al., 2001; Reibel et al.,
2001; Speca et al., 2000) and mitigated stress and enhanced emotional well-being in nonclinical
samples (Shapiro et al., 1998; Williams et al., 2001). Future research should compare the
effectiveness of attention training versus mindfulness training in modifying biases and examine
similarities or differences in their neural underpinnings. ABM is hypothesized to shift threat bias
by directing attention away from threat. Mindfulness meditation is hypothesized to cultivate a
decentered perspective with which we can attend, without avoiding or becoming entangled with
emotional burden. Might both training mechanisms modulate the P2? While behavioral and
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imaging work on mindfulness meditation have bourgeoned, scarcely any work has investigated
the electrophysiological underpinnings of mindfulness meditation.
Finally, levels of behavioral inhibition moderated the relation between N2 amplitude at
baseline and social phobia at outcome, regardless of ABM or Placebo group. That is, high N2
amplitude at baseline was associated with high social phobia at outcome only when total BIQ is
relatively low. In other words, a neurophysiological pattern of high N2 may put relatively noninhibited children at increased risk for developing social phobia. A related construct that is
thought to evoke the N2 is executive function, which consists of inhibition, working memory,
and cognitive flexibility. Espinet and colleagues (2013) showed that executive function training
reduced the N2 and improved performance on the dimension change card sort task, which is one
of the gold standard measures of executive function. There is no existing research, however,
linking executive training and the N2 to temperament and risk toward anxiety disorders.
The findings from the current study should be interpreted in light of two core limitations.
First, the available outcome measures are markedly underpowered. Due to experimenter’s error,
excessive artifact, and attrition, only 20 children provided full data for analysis at outcome. Of
these 20, only 5 were randomly assigned to the ABM condition. Thus, results indicating a
training effect should be interpreted with discretion. The larger study from which these data were
drawn is ongoing. As such, we will return to the analyses once sufficient sample sizes are
reached across conditions.
Second, the BI group did not show an attention bias toward threat at either baseline or
outcome. Thus, the study failed to detect a shift in attention pattern following ABM. This limits
our ability to interpret the currently available data as a function of individual patterns of attention
bias. Future studies should assess initial threat bias via the dot-probe task and train children
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either toward or away from threat based on their bias at baseline to observe the efficacy of ABM
at inducing and reducing attention biases. For example, O’Toole & Dennis (2012) randomly
assigned participants to be trained toward or away from threat. They found significant effects of
ABM when analyzing the subset of participants who showed initial threat bias and were trained
away from threat or who showed no bias and were trained toward threat.
In the present study, while no behavioral differences were found as a function of training,
ERP changes were detected, suggesting that ERP data may be more sensitive than behavioral
data to the effects of attention training. Other studies (e.g., Bar-Haim et al., 2005; Kappenman et
al., in press, Mueller et al., 2009; Sun et al., 2012) have also found that ERP measures better
capture the chronometry of attention bias, despite the absence of behavioral effects. In this way,
ERPs may act as biomarkers of ABM. While response time measures reflect a global index of
task performance, encompassing influences of all the different processing aspects related to
performance, modulation of specific ERP components typically reflects more refined and
specific stages of processing. It is likely that ERPs provide a direct measure of attention to the
onset of face displays, whereas behavioral measures also include the response to the separate
target stimuli that are presented after the initial onset of the face displays. Therefore, it is
possible that attention was withdrawn from the location of the faces by the time the target was
displayed and the behavioral response needed to be executed. Future work should systematically
vary the duration of face stimuli to tap the affective chronometry of attention processing. Faces
of longer duration may strengthen salience. On the other hand, attention toward faces of longer
duration may more easily intentionally be shifted away, thus reducing emotional distractions.
Despite the above-described limitations, results from this study confirms the feasibility of
ERP and ABM research in children, suggests that undergoing ABM and Placebo training yields
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different outcomes, and levels of inhibition interact with neurophysiological underpinnings to
predict social behavior.

28
References
Amir, N. (2009). Attention modification program in individuals with generalized anxiety
disorder. Journal of Abnormal Psychology, 118, 28-33.
Bar-Haim, Y., Lamy, D., & Glickman, S. (2005). Attentional bias in anxiety: a behavioral
and ERP study. Brain and Cognition, 59, 11-22.
Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., & van IJzendoorn, M. H.
(2007). Threat-related attentional bias in anxious and nonanxious individuals: A metaanalytic study. Psychological Bulletin, 133, 1-24.
Bar-Haim, Y., Morag, I., Glickman, S. (2011). Training anxious children to disengage
attention from threat: a randomized controlled trial. Journal of Child Psychology and
Psychiatry. 52, 861-869.
Batty, M. & Taylor, M.J. (2003). Early processing of the six basic facial emotional expressions.
Cognitive Brain Research, 17, 613-620.
Beck, A. T. (1985). Theoretical perspectives on clinical anxiety. In A. H. Tuma & J. Maser
(Eds.), Anxiety and the anxiety disorders (pp. 183-196). Hillsdale, NJ: Lawrence Erlbaum
Associates.
Beck, A. T., & Clark, D. A. (1997). An information processing model of anxiety: Automatic and
strategic processes. Behaviour Research and Therapy, 35, 49-58.
Biederman J., Rosenbaum J. F., Hirshfeld, D. R., Faraone, S. V., Bolduc EA, et al. (1990).
Psychiatric correlates of behavioral inhibition in young children of parents with and
without psychiatric disorders. Archives of General Psychiatry, 47, 21–26.
Birmaher, B., Brent, D. A., Chiappetta, L., Bridge, J., Monga, S., & Baugher, M. (1999).
Psychometric properties of the Screen for Child Anxiety Related Emotional Disorders
(SCARED): A replication study. Journal of the American Academy of Child and
Adolescent Psychiatry, 38, 1230-1236.
Bishop, G., Spence, S. H., & McDonald, C. (2003). Can parents and teachers provide a reliable
and valid report of behavioral inhibition? Child Development, 74, 1899-1917.
Carretie, L., Mercado, F., Tapia, M., & Hinojosa, J. A. (2001). Emotion, attention and the
‘negativity bias’, studied through event-related potentials. International Journal of
Psychophysiology, 41, 75-85.
Carretie, L., Hinojosa, J. A., & Mercado, F. (2003). Cerebral patterns of attentional habituation
to emotional visual stimuli. Psychophysiology, 36, 199-209.
Crick, N., & Dodge, K. (1994). A review and reformulation of social information-processing

29
mechanisms in children's social adjustment. Psychological Bulletin, 115, 74-101.
Degnan, K. A., & Fox, N. A. (2007). Behavioral inhibition and anxiety disorders: Multiple levels
of a resilience process. Development and Psychopathology, 19, 729-746.
Dennis, T. A. & Chen, C. C. (2007). Neurophysiological mechanisms in the emotional
modulation of attention: the interplay between threat sensitivity and attentional control.
Biological Psychology, 76, 1-10.
Dennis, T. A., & Chen, C. C. (2009). Trait anxiety and conflict monitoring following threat: An
ERP study. Psychophysiology, 46, 122-131.
Eldar, S., Apter, A., Lotan, D., Pérez-Edgar, K., Naim, R., Fox, N. A., Pine D. S., & Bar-Haim,
Y. (2012). Attention bias modification in clinically anxious children: A randomized
control trial. American Journal of Psychiatry, 169, 213-220
Eldar, S., & Bar-Haim, Y. (2010). Neural plasticity in response to attention training in anxiety.
Psychological Medicine, 40, 667-677.
Eldar, S., Ricon, T., & Bar-Haim, Y. (2008). Plasticity in attention: Implications for stress
response in children. Behaviour Research and Therapy, 46, 450–461.
Eldar, S., Yankelevitch, R., Lamy, D., & Bar-Haim, Y. (2010). Enhanced neural reactivity and
selective attention to threat in anxiety. Biological Psychology, 85, 252-257.
Fox, E., Derakshan, N., & Shoker, L. (2008). Trait anxiety modulates the electrophysiological
indices of rapid spatial orienting towards angry faces. NeuroReport: For Rapid
Communications of Neuroscience Research, 19, 259-263.
Fox, N. A., Henderson, H. A., Marshall, P. J., Nichols, K. E., & Ghera, M. M. (2005).
Behavioral inhibition: Linking biology and behavior within a developmental framework.
Annual Review of Psychology, 56, 235-262.
Fox, N. A., & Pine, D. S. (2012). Temperament and the emergence of anxiety disorders. Journal
of the American Academy of Child and Adolescent Psychiatry, 51, 125-128.
Garcia-Coll, C., Kagan, J., & Reznick, J. S. (1984). Behavioral Inhibition in Young Children.
Child Development, 55, 1005-1019.
Gratton, G., Coles, M. G. H., & Donchin, E. (1983). A new method for off-line removal of
ocular artifacts. Electroencephalography and Clinical Neurophysiology, 55, 468-484.
Hakamata, Y., Lissek, S., Bar-Haim, Y., Britton, J. C., Fox, N. A., Lieibenluft, E., et al. (2010).
Attention bias modification treatment: A meta-analysis toward the establishment of novel
treatment for anxiety. Biological Psychiatry, 68, 982-990.

30
Helfinstein, S. M., White, L. K., Bar-Haim, Y., & Fox, N. A. (2008). Affective primes suppress
attention bias to threat in socially anxious individuals. Behaviour Research and Therapy,
46, 799-810.
Hillyard, S. A., & Anllo-Vento, L. (1998). Event-related brain potentials in the study of visual
selective attention. Proceedings of the National Academy of Sciences USA, 95, 781-787.
Huang, Y. X., & Luo, Y. J. (2006). Temporal course of emotional negativity bias: An ERP study.
Neuroscience Letters, 398, 91-96.
Kagan, J., & Snidman, N. (1999). Early childhood predictors of adult anxiety disorders.
Biological Psychiatry, 46, 1536-1541.
Kappenman, E.S., MacNamara, A., & Proudfit, G.H. (in press). Electrocortical evidence for
rapid allocation of attention to threat in the dot-probe task. Social Cognitive and Affective
Neurocience.
Klimova, A., Bryant, R.A., Williams, L.M., & Felmingham, K.L. (2003). Dysregulation in
cortical reactivity to emotional faces in PTSD patients with high dissociation symptoms.
European Journal of Psychotraumatology, 4.
Kolassa, I.T. & Miltner, W.H.R. (2006). Psychophysiological correlates of face processing in
social phobia. Brain Research, 1118, 130-141.
Kolassa, I.T., Musial, F., Kolassa, S., & Miltner, W.H.R. (2006). Event-related potentials when
identifying or color-naming threatening schematic stimuli in spider phobic and nonphobic individuals. BMC Psychiatry, 6, 38-50.
Kotchoubey, B. Schneider, D., Uhlmann, C., Schleichert, H., & Birbaumer, N. (1997). Beyond
habituation: long-term repetition effects on visual event-related potentials in epileptic
patients. Electroencephalography and Clinical Neurophysiology, 103, 450-456.
Li, X., Li, X., & Luo, Y.J. (2005). Anxiety and attentional bias for threat: an event-related
potential study. Neuroreport, 16, 1501-1505.
Luck, Steven J. (2005). An introduction to the event-related potential technique. Cambridge,
Massachusetts: MIT Press.
Luck, S. J., Heinze, H. J., Mangun, G. R., & Hillyard, S. A. (1990). Visual event-related
potentials index focused attention within bilateral stimulus arrays.
Electroencephalography and Clinical Neurophysiology, 75, 528-542.
MacLeod, C., Mathews, A., & Tata, P. (1986). Attentional bias in emotional disorders. Journal
of Abnormal Psychology, 95, 15−20.
Mathews, A., & MacLeod, C. (2002). Induced processing biases have causal effects on anxiety.

31
Cognition and Emotion, 16, 331-354.
Mogg, K., & Bradley, B. P. (1998). A cognitive-motivational analysis of anxiety. Behaviour
research and therapy, 36, 809-848.
Mogg, K., & Bradley, B. P. (1999). Orienting of attention to threatening facial expressions
presented under conditions of restricted awareness. Cognition & Emotion, 13, 713-740.
Mueller, E. M., Hofmann, S. G., Santesso, D. L., Meuret, A. E., Bitran, S., & Pizzagalli, D. A.
(2009). Electrophysiological evidence of attentional biases in social anxiety disorder.
Psychological Medicine: A Journal of Research in Psychiatry and the Allied Sciences,
39, 1141-1152.
O’Toole, L., & Dennis, T. (2012). Attention training and the threat bias: An ERP study. Brain
and Cognition, 78, 63-73.
Pérez-Edgar, K., Bar-Haim, Y., McDermott, J.M., Chronis-Tuscano, A., Pine, D.S., & Fox, N.A.
(2010). Attention biases to threat and behavioral inhibition in early childhood shape
adolescent social withdrawal. Emotion, 10, 349-357.
Pérez-Edgar, K., & Fox, N. A. (2005). Temperament and anxiety disorders. Child and
Adolescent Psychiatric Clinics of North America, 14, 681-706.
Pérez-Edgar, K., Reeb-Sutherland, B., McDermott, J., White, L., Henderson, H., Degnan, K.,
Hane, A., Pine, D., & Fox, N. A. (2011). Attention biases to threat link behavioral
inhibition to social withdrawal over time in very young children. Journal of Abnormal
Child Psychology, 39, 885-895.
Pollak, S.D. & Tolley-Schell, S.A. (2003). Selective attention to facial emotion in physically
abused children. Journal of Abnormal Psychology, 112, 323-338.
Posner, M.I. (1978). Chronometric explorations of the mind. Hillsdale, NJ: Earlbaum.
Posner, M. I. (1980). Orienting of attention. Quarterly Journal of Experimental Psychology, 32A,
3–25.
Pourtois, G., Grandjean, D., Sander, D., & Vuilleumier, P. (2004). Electrophysiological
correlates of rapid spatial orienting towards fearful faces. Cerebral Cortex, 14, 619-633.
Rapee, R. M., Schniering, C. A., & Hudson, J. L. (2009). Anxiety disorders during childhood
and adolescence: Origins and treatment. Annual Review of Clinical Psychology, 5, 311341.
Rosenbaum, J. F., Biederman, J., Gersten, M., Hirshfeld, D. R., Meminger, S. R., et al. (1988).
Behavioral inhibition in children of parents with panic disorder and agoraphobia.
Archives of General Psychiatry, 45, 463–70.

32

Rossignol, M., Campanella, S., Bissot, C., & Philippot, P. (2013). Fear of negative evaluation
and attentional bias for facial expressions: An event-related study. Brain and Cognition,
82, 344-352.
Schwartz, C. E., Snidman, N., Kagan, J. (1999). Adolescent social anxiety as an outcome of
inhibited temperament in childhood. Journal of the American Academy of Child and
Adolescent Psychiatry, 38, 1008–1015.
Shechner, T., Rimon-Chakir, A., Britton, J.C., Lotan, D., Apter, A., Bliese, P.D., Pine, S.D., &
Bar-Haim, Y. (2014). Attention bias modification treatment augmenting effects on
cognitive behavioral therapy in children with anxiety: Randomized controlled trial.
Journal of the American Academy of Child & Adolescent Psychiatry, 53, 61-71.
Sun, J., Sun, B., Wang, B., & Gong, H. (2012). The processing bias for threatening cues revealed
by event-related potential and event-related oscillation analyses. Neuroscience, 203, 9198.
Suway, J.P., White, L.K., Vanderwert, R.E., Bar-Haim, Y., Pine, D.S., Fox, N.A. (2013).
Modification of threat-processing in non-anxious individuals: A preliminary behavioral
and ERP study. Journal of Behavior Therapy and Experimental Psychiatry, 44, 285-292.
Thomas, S.J., Gonsalvez, C.J., & Johnstone, S.J. (2013). Neural time course of threat-related
attentional bias and interference in panic and obsessive-compulsive disorders. Biological
Psychology, 94, 116-129.
Tottenham, N., Tanaka, J. W., Leon, A. C., McCarry, T., Nurse, M., Hare, T.A., et al. (2009).
The NimStim set of facial expressions: Judgments from untrained research participants.
Psychiatry Research, 168, 242-249.
Waters, A. M., Pittaway, M., Mogg, K., Bradley, B., & Pine, D. (2013). Attention training
towards positive stimuli in clinically anxious children. Developmental Cognitive
Neuroscience, 4, 77-84.
vanVeen, V., & Carter, S.C. (2002). The anterior cingulate as a conflict monitor: fMRI and ERP
studies. Physiology & Behavior, 77, 477-482.
Vogel, E.K., & Luck, S.J. (2000). The visual N1 component as an index of a discrimination
process. Psychophysiology, 37, 190-203.
Yang, H., Dong, M., Chen, S., & Zheng, X. (2012). The effect of early attention allocation on
location-based attention toward a later threat: An ERP study. Neuroscience Letters, 523,
62-66.

