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Electrocortical evidence for rapid allocation of attention
to threat in the dot-probe task
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Threatening stimuli have been shown to preferentially capture attention using a range of tasks and measures. However, attentional bias to threat has not
typically been found in unselected individuals using behavioral measures in the dot-probe task, one of the most common ways of examining attention to
threat. The present study leveraged event-related potentials (ERPs) in conjunction with behavioral measures in the dot-probe task to examine whether
more direct measures of attention might reveal an attentional bias to threat in unselected individuals. As in previous dot-probe studies, we found no
evidence of an attentional bias to threat using reaction time; additionally, this measure exhibited poor internal reliability. In contrast, ERPs revealed an
initial shift of attention to threat-related stimuli, reflected by the N2pc, which showed moderate internal reliability. However, there was no evidence of
sustained engagement with the threat-related stimuli, as measured by the late positive potential (LPP). Together, these results demonstrate that
unselected individuals do initially allocate attention to threat in the dot-probe task, and further, that this bias is better characterized by neural measures
of attention than traditional behavioral measures. These results have implications for the study of attention to threat in both unselected and anxious

populations.
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Emotional stimuli that depict threat or fear are thought to receive
preferential processing over non-emotional stimuli because they
convey important information about the environment. Attention is
the process by which the perception and processing of objects is
enhanced (Hillyard et al., 1998); therefore, attention has been pro-
posed as one likely mechanism for prioritizing the processing of
threatening information in the environment (MacNamara et al.,
2013). Attention to threatening stimuli has been examined in the la-
boratory using a variety of paradigms adapted from cognitive psych-
ology, including visual search (e.g., Ohman et al., 2001a,b; Rinck et al.,
2003; Flykt and Caldara, 2006), Stroop (e.g. MacLeod, 1991; Mogg
et al., 1993a,b) and the dot-probe task (e.g., MacLeod et al, 1986;
Mogg et al, 1997; Mogg and Bradley, 1999; Koster et al., 2004;
Salemink et al, 2007). In general, these tasks assess attention to
threat by comparing a measure of performance [such as reaction
time (RT)] between trials with threatening stimuli and trials with
emotionally neutral stimuli. For example, in the dot-probe task, RTs
are compared between targets that replace a threat-related image and
targets that replace a neutral image. Faster responses to targets that
replace threat-related images are thought to reflect increased allocation
of attention to threat, typically termed an ‘attentional bias’ to threat.

Many studies have supported the idea that attention is preferentially
allocated to threat-related stimuli. For example, threatening faces
(Ohman et al., 2001b) and fear-related stimuli (Ohman et al., 2001a)
are detected faster in a visual search task compared with happy or
neutral stimuli. In addition, the presence of threat-related compared
with emotionally neutral distractors has been shown to divert atten-
tional resources from target items, resulting in increased RTs
(MacNamara and Hajcak, 2009). However, across dozens of studies,
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research using the dot-probe task has generally failed to find evidence
of an attentional bias to threat-related images in unselected individuals
(see Bar-Haim et al., 2007 for a review). The present study was aimed
at understanding why unselected individuals fail to show evidence of
an attentional bias to threat in the dot-probe task, despite showing this
bias in other tasks. Understanding the role of attention to threat in the
dot-probe task is of particular importance, given that this task has
become a ‘gold standard’ in examining attention to threat. Indeed,
despite showing no evidence of an attentional bias to threat in un-
selected individuals, the dot-probe task has been highly successful at
uncovering an attentional bias for threat-related stimuli in anxiety (see
Bar-Haim et al., 2007 for a review).

One possible reason previous dot-probe studies may have failed to
find an attentional bias to threat in unselected individuals may be
related to the behavioral measures used to characterize attentional
bias to threat-related stimuli in this task. In general, behavioral meas-
ures reflect the sum of many distinct mental processes that occur be-
tween the onset of a stimulus and the execution of a behavior. This
may be problematic for measuring attention to threat in the dot-probe
task, in which the behavioral measures are removed from the threat-
related stimuli in two ways. First, the behavioral response is not made
directly to the emotional stimulus itself but to a subsequently pre-
sented target item that appears at the location of a previously presented
emotional image. Although the task-irrelevant nature of the emotional
stimuli allows researchers to assess attention in the absence of task-
related incentives, a consequence of this design is that behavior in the
task is only indirectly related to the emotional image. Second, hun-
dreds of milliseconds separate the onset of the threat-related stimulus
and the onset of the target item in the dot-probe task; therefore, it is
possible that individuals may initially attend to the threatening image
but disengage before the target item is presented. Indeed, shifts of
covert visual attention can occur on a rapid timescale, sometimes
requiring as little as 50-100 ms (Miiller and Rabbit, 1989). Thus, be-
havioral measures may not capture an initial shift of attention to threat
in the dot-probe task if attention has shifted away from threat by the
time the target item is presented.
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The present study investigated whether more direct measures of
attention might reveal an attentional bias to threat among healthy
individuals in the dot-probe task by leveraging event-related potentials
(ERPs) in conjunction with traditional behavioral measures. In con-
trast to behavior, ERPs can be measured time-locked to the onset of
the threat-related stimulus, allowing for a direct assessment of atten-
tion to threat. We used the well-established N2pc and late positive
potential (LPP) ERP components (described more below), which are
ideally suited to dissecting the time course of attention to threat in the
dot-probe task. Specifically, we examined whether attention is initially
allocated to threat-related stimuli in the dot-probe task using the N2pc
wave, and further, whether this attentional bias is sustained over time
using the LPP.

The N2pc is a negative-going potential at posterior electrode sites
contralateral to the location of an attended item, and it has been used
to index covert visual attention in cognitive psychology for over 25
years (see Luck, 2012 for a recent review). More recently, the N2pc has
been used to examine the allocation of attention to emotional images,
with results showing that attention is often initially allocated to threat-
related stimuli, even when these stimuli are irrelevant to the task
(Eimer and Kiss, 2007; Fox et al., 2008; Buodo et al., 2010; Brosch
et al., 2011; Shaw et al., 2011; Tkeda et al., 2013). However, the N2pc
has not been used previously to measure attention to threat in the dot-
probe task. The present study investigated whether healthy individuals
initially shift attention to threat-related stimuli in this task by measur-
ing the N2pc time-locked to the onset of the cue images. To maximize
the potential for threatening stimuli to capture attention, we used
complex threatening images from the International Affective Picture
System (IAPS) image set (Lang et al, 2008), which may be stronger
elicitors of emotion than the angry or fearful faces that are typically
used in the dot-probe task (Britton et al., 2006).

Electrophysiological evidence also suggests that threatening stimuli
not only capture attention but can ‘sustain’ engagement, maintaining
processing resources throughout stimulus presentation and for as long
as several hundred milliseconds after stimulus offset (Hajcak and
Olvet, 2008; Hajcak et al., 2009). Specifically, previous studies have
shown that compared to neutral stimuli, threat-related stimuli elicit
an increased positive-going ERP component—the LPP—maximal at
centroparietal electrode sites starting around 300 ms following stimu-
lus onset (see Hajcak et al., 2012 for a recent review). The LPP reflects
sustained engagement with emotional images, and its presence, dur-
ation and magnitude can be modulated by task-specific factors. In
particular, affective modulation of the LPP is highly dependent on
the allocation of spatial attention. For example, affective modulation
of the LPP is not observed for aversive pictures that are presented in
unattended locations (MacNamara and Hajcak, 2009). In addition,
emotional modulation of the LPP is decreased by directing attention
to a neutral portion of an attended negative image (Dunning and
Hajcak, 2009; Hajcak et al, 2009, 2013). The present study used the
LPP to investigate whether threatening images in the dot-probe task
elicit sustained engagement. If attention is initially shifted to threaten-
ing stimuli (reflected by an N2pc) but not maintained on those images,
threat-related modulation of the LPP would likely not be observed.
This may help explain the failure to find behavioral evidence of atten-
tional bias to threat in the dot-probe task, as the behavioral measures
assess attention at a relatively late point in time (during or after
the LPP).

We predicted that we would find no behavioral evidence of an
attentional bias to threat in the present study, in line with previous
dot-probe studies. In contrast, we predicted that our neural measures
would reveal an initial shift of attention to threatening images, as
evidenced by the N2pc. However, we expected to find no evidence
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of later threat-related effects on the LPP, which could explain the ab-
sence of a behavioral effect.

To further examine the measures of threat-related processing used
in the present study, we also assessed the internal (split-half) reliability
of each measure. This allowed us to determine which measure (RT,
N2pc, LPP) provided the most consistency—an important step in
determining the validity of each measure in the context of the present
task. Based on previous studies, we predicted that the behavioral meas-
ure traditionally used in the dot-probe task would have poor internal
reliability (Schmukle, 2005; Staugaard, 2009; Waechter et al, 2014).
However, we tentatively predicted that internal reliability would be
higher for more direct measures of attention to threat (i.e., the N2pc).

METHOD
Participants

Thirty-five undergraduate students between the ages of 18 and 30 were
tested. Three subjects were excluded for poor performance on the task
(<50% trials correct), and two subjects were excluded for excessive
artifacts in the EEG recording, leaving 30 subjects (16 female); all
analyses reflect this final sample. The study was approved by the
Stony Brook University Institutional Review Board, and subjects
received course credit for participation.

Stimuli and task

The stimuli were 50 neutral and 50 threatening images selected from
the TAPS images'. Neutral images included pictures of buildings,
household objects and people with neutral facial expressions.
Threatening images included pictures of animals attacking the
viewer, assault, abduction scenes and pictures of guns.

Subjects performed a dot-probe task. Example trial sequences are
presented in Figure 1. Stimuli were presented on a black background
using an LCD monitor viewed at a distance of ~60 cm. On each trial, a
pair of IAPS images (each image subtending ~7 x 9 degrees of visual
angle) was presented for 400-600 ms (rectangular distribution; average
of 500 ms), one image to the left and one image to the right of a
continuously visible central white fixation cross. Immediately follow-
ing the offset of the images, a target composed of either two horizon-
tally or vertically arranged dots (each dot subtending ~0.5 x 0.5
degrees of visual angle) was presented for 400 ms centered in the lo-
cation of one of the previously presented images. Subjects made a key
press using the index or middle finger of the right hand to indicate
whether the target item was a pair of horizontally or vertically arranged
dots; the mapping of targets and response buttons was counterba-
lanced across subjects. Subjects were given a window of 1500 ms
from the onset of the target to respond; the response window ended
when a response was made. Immediately following the response, a
jittered intertrial interval of 750-1250ms (rectangular distribution)
was presented. Subjects were told that the images were irrelevant to
the task and were instructed to respond as quickly and accurately as
possible while maintaining central fixation.

Subjects completed a total of 500 trials. All trial types were randomly
intermixed. On 400 trials, one threatening image and one neutral
image (‘mixed-emotion’ trials) were presented (i.e., typical trials in a
dot-probe task). The mixed-emotion trials allowed us to assess the

1 Threatening IAPS images were—1050, 1120, 1201, 1270, 1274, 1300, 1304, 1930, 1932, 2120, 2811, 3010, 3015,
3030, 3051, 3060, 3068, 3069, 3080, 3100, 3102, 3120, 3140, 3225, 3230, 3250, 3261, 3400, 3530, 6242, 6312,
6313, 6315, 6350, 6360, 6370, 6510, 6530, 6540, 6550, 6560, 9042, 9253, 9265, 9405, 9413, 9414, 9490, 9635.1,
9940. Neutral IAPS images were—1390, 1450, 1650, 1670, 1810, 2038, 2102, 2191, 2357, 2383, 2393, 2396, 2397,
2446, 5500, 5510, 5530, 7000, 7002, 7004, 7009, 7010, 7020, 7026, 7030, 7034, 7036, 7037, 7040, 7041, 7050,
7057, 7060, 7080, 7110, 7130, 7175, 7234, 7491, 7493, 7496, 7500, 7501, 7546, 7547, 7560, 7595, 7620, 7710,
7920.
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Fig. 1 Example trial sequences in the dot-probe task (target dots are enlarged for illustrative purposes).

typical behavioral measures in a dot-probe task and to isolate the N2pc
and LPP. There were also 100 ‘same-emotion’ trials, including 50 trials
on which two neutral images were presented and 50 trials on which
two threatening images were presented. These same-emotion trials
allowed us to assess behavioral measures and the LPP for purely
threatening and purely neutral trials, as in typical LPP studies (note
that it is not possible to isolate the N2pc on same-emotion trials, which
included identical images to the left and right side of fixation).
A greater number of mixed-emotion trials were included than
same-emotion trials to more closely replicate previous dot-probe
tasks (which typically included only mixed-emotion trials), and to
replicate the number of trials typically included in studies of the
N2pc and LPP.

For mixed-emotion trials, targets replaced threatening images on
half of the trials and neutral images on the other half. This resulted
in the following distribution of trial types across the experiment: 50
same-emotion trials on which targets replaced neutral images; 50
same-emotion trials on which targets replaced threatening images;
200 mixed-emotion trials on which targets replaced threatening
images, referred to as ‘threat-congruent’; and 200 mixed-emotion
trials on which targets replaced neutral images, referred to as ‘threat-
incongruent’. For the mixed-emotion trials, threatening images were
presented an equal number of times to the left and right of fixation.
Target type (a horizontally or vertically arranged pair of dots) was fully
counterbalanced for each trial type, and targets were presented an
equal number of times to the left and to the right of fixation. Each
image was presented nine times, and all images were presented once
before an image was repeated. Short self-paced breaks were provided
every 100 trials.

Recording and data processing procedures

Continuous EEG was recorded using a Biosemi ActiveTwo recording
system (Biosemi B.V., Amsterdam, the Netherlands). The electrodes
were mounted in an elastic cap using a subset of the International 10/
20 System sites (standard 32 channel sites and sites FCz and Iz). The
common mode sense (CMS) electrode was located at site CI, with a
driven right leg (DRL) electrode located at site C2. The horizontal
electrooculogram (EOG) was recorded from electrodes placed lateral
to the external canthi and was used to detect horizontal eye move-
ments; the vertical EOG was recorded from electrodes placed above

and below the right eye and was used to detect eyeblinks and vertical
eye movements. The EEG and EOG were low-pass filtered using a fifth
order sinc filter with a half-power cutoff at 204.8 Hz and then digitized
at 1024 Hz with 24 bits of resolution. The single-ended EEG signals
were converted to differential signals offline, referenced to the average
of the left and right mastoids.

Signal processing and analysis of the EEG data was performed using
Brain Vision Analyzer software (Brain Products, Gilching, Germany).
The EEG was high-pass filtered with a cutoff of 0.1 Hz (noncausal
Butterworth impulse response function, half-power cutoff, 12 dB/oct
roll-off) and low-pass filtered with a cutoff of 30Hz (noncausal
Butterworth impulse response function, half-power cutoff, 24 dB/oct
roll-off). The EEG data were segmented for each trial beginning 200 ms
prior to the onset of the images and continuing for 600 ms after image
onset (i.e., for a total duration of 800 ms). Baseline correction was
performed using the 200 ms prior to the onset of the images. Ocular
correction of the EEG data was performed using the method developed
by Miller et al. (1988a), to remove eyeblinks, vertical and horizontal
eye movements. Additional artifacts were rejected based on the follow-
ing criteria: a voltage step of >50.0 uV between sample points, a voltage
difference of 300.0 1V within a trial and a maximum voltage difference
of <0.50 uV within 100-ms intervals. Trials were also visually inspected
for any remaining artifacts, and data from individual channels con-
taining artifacts were rejected on a trial-by-trial basis. Trials with in-
correct behavioral responses were excluded from all analyses.

Behavior

RT was measured per condition as the time it took subjects to respond
following the onset of the target item for trials with correct responses
only. Accuracy was calculated as the percentage of correct trials per
condition. Pearson’s correlations were used to examine the relation-
ship among measures; split-half reliability analyses were conducted by
correlating the average of odd and even trials, corrected using the
Spearman—Brown formula (Anastasia and Urbina, 1997).

N2pc

To determine whether attention was preferentially allocated to the
threatening image on mixed-emotion trials, we isolated the N2pc
time-locked to the onset of the threatening—neutral image pairs at
posterior electrode sites (P7 and P8, where the N2pc is typically
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maximal; Luck, 2012), relative to the location of the threatening image.
Specifically, we first created separate waveforms for the hemisphere
that was contralateral to the threatening image (i.e., left hemisphere
for right-side threatening images, and right hemisphere for left-side
threatening images) and the hemisphere that was ipsilateral to the
threatening image (i.e., right hemisphere for right-side threatening
images, and left hemisphere for left-side threatening images). We
then created a contralateral-minus-ipsilateral difference waveform,
and the N2pc was measured from the resulting difference wave in
each subject. The mean amplitude of the N2pc was measured using
a time window of 175-225 ms following the onset of the image pairs.
To determine the time by which attention had been preferentially
allocated to the threatening image, we also measured the onset latency
of the N2pc. Onset latency was defined as the time point at which the
voltage reached 50% of the peak amplitude in the 175-225ms time
window, which is thought to be the optimal measure of the onset time
of ERP components under many conditions (see Miller et al., 1998b;
Kiesel et al., 2008). Note that the N2pc analyses were all conducted on
the mixed-emotion trials, as it is not possible to use the N2pc to
examine the allocation of attention on the same-emotion trials,
which included identical images to the left and right side of fixation
(the same-emotion trials were used for the LPP; see below).

LPP

To examine sustained engagement with the images, we isolated the
LPP separately for threatening image pairs, neutral image pairs and
threatening—neutral image pairs at a posterior-midline electrode site
(Pz, where the LPP is typically maximal; Dunning and Hajcak, 2009).
By comparing the LPP among threatening image pairs, neutral image
pairs and threatening—neutral image pairs, we were able to assess
whether sustained engagement on mixed-emotion trials was more
similar to neutral-neutral trials, threatening—threatening trials or inter-
mediate between these conditions. The mean amplitude of the LPP was
measured in each condition using a time window of 300-600 ms after
the onset of the image pairs, as in previous studies (Dennis and Hajcak,
2009). This time window is subsequent to the time of the N2pc
(175-225ms), which allowed us to examine sustained engagement
with the images subsequent to an initial shift of attention. Although
the time window of the LPP overlaps with the presentation of the
probe stimulus on some trials (400-600 ms following the onset of
the TAPS images), there are two reasons this overlap is unlikely to
have impacted the LPP. First, probe presentation was counterbalanced
across all factors in the task and was equivalent in the three conditions,
equating any overlap among the conditions used to compare the LPP.
Second, the 200-ms jitter in the onset time of the probe stimulus
(which onset between 400-600 ms after image onset) should have
been sufficient to eliminate the probe-elicited ERP from the average
ERP time-locked to the IAPS images (see Woldorff, 1993; Luck, 2005).

RESULTS
Behavior

Mean RTs and mean accuracy (percent correct) are shown in Table 1.
Consistent with prior work, no significant RT difference was found for
mixed-emotion trials between targets that replaced threatening images
(threat-congruent trials) and targets that replaced neutral images
[threat-incongruent trials; #29) =0.59, P>0.56]. In contrast, RT dif-
fered across the three trial types used in the present study (neu-
tral-neutral, mixed-emotion, threatening-threatening), leading to a
significant main effect of condition [F(2,58)=16.74, P<0.001,
n>=0.36]. Follow-up analyses revealed that response times were sig-
nificantly increased following mixed-emotion image pairs compared
with neutral image pairs [#(29)=2.37, P<0.05, r)2:0.16], and
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Table 1 Behavioral results for each trial type (standard deviations in parentheses)

Trial type Accuracy (% correct) Mean RT (ms)

Threatening—neutral

Threat-congruent 90.98 (5.08) 629.99 (101.40)
Threat-incongruent 90.18 (6.16) 627.41 (112.23)
Threatening—threatening 90.40 (5.16) 645.85 (107.34)
Neutral-neutral 90.73 (5.79) 615.80 (98.72)

Table 2 N2pc and LPP measures (standard deviations in parentheses)

N2pc LPP
Image pairs Mean amplitude (1tV)  Onset latency (ms) ~ Mean amplitude (j1V)
Threatening—neutral —.85 (.90) 185.97 (20.10) —3.48 (4.09)
Threatening—threatening —1.28 (5.79)
Neutral—neutral —4.06 (4.09)

significantly increased following threatening image pairs compared
with mixed-emotion image pairs [#(29)=3.64, P<0.01, n*=0.31],
with each additional threatening image in the display resulting in a
RT increase of ~15ms.

Participants were just as accurate on mixed-emotion trials for targets
that replaced threatening compared with neutral images [#(29) = 1.46,
P>0.15]. No significant difference in accuracy was found across the
three emotion trial types [F(2,58) =0.10, P> 0.90].

ERP waveforms

N2pc and LPP measures are summarized in Table 2.

N2pc

Grand-average ERP waveforms time-locked to the onset of the IAPS
images on mixed-emotion trials and collapsed across the P7 and P8
electrode sites are presented in Figure 2, overlaying the waveforms
contralateral to the threatening image (black line), ipsilateral to the
threatening image (gray line) and the contralateral-minus-ipsilateral
difference wave (dotted line). Analyses revealed a significant N2pc in
the contralateral-minus-ipsilateral difference waveform [#(29)=5.14,
P<0.001, n2 =0.48], reflecting a shift of covert visual attention in the
direction of the threatening image on the mixed-emotion trials. An
analysis of the onset latency of the N2pc revealed that this shift of
covert attention to the threatening image occurred by 186 ms after
the onset of the threatening—neutral image pair.

LPP

Grand-average ERP waveforms time-locked to the onset of the TAPS
images on same-emotion and mixed-emotion trials at electrode site Pz
are presented in Figure 3, overlaying threatening image pairs (black
line), neutral image pairs (gray line) and threatening—neutral image
pairs (dotted line). There was a significant main effect of condition on
the LPP [F(2,58) =13.17, P<0.01, 172:0.31], such that threatening
image pairs elicited a larger LPP compared with neutral image pairs
and mixed-emotion image pairs [#(29) = 3.85, P<0.001, n*=0.34, and
#(29) =4.22, P<0.001, 172:0.38, respectively]. The LPP elicited by
mixed-emotion image pairs did not, however, differ from that elicited
by neutral-neutral image pairs [#(29) =1.33, P>0.19], indicating that
the threatening—neutral image pairs (from which RT measures of
threat bias were derived) did not elicit an enhanced LPP.
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Correlations

To determine whether the significant shift of attention to the threaten-
ing image on mixed-emotion trials was related to the behavioral re-
sponse to the target item, we correlated the difference in RT on threat-
incongruent and threat-congruent trials separately with the amplitude
and the onset time of the N2pc. RT was not related to the amplitude
(r=—.11, P>0.58) or the onset time (r=0.27, P>0.15) of the N2pc.
To determine whether behavioral performance was related to sustained
engagement with the emotional images, we also examined cor-
relations between RT and the LPP separately for each condition (neu-
tral-neutral, mixed-emotion, threatening—threatening); none of the
correlations reached significance (all Ps>0.29).

Internal reliability

The traditional behavioral measure of attentional bias to threat (the RT
difference between threat-incongruent and threat-congruent trials) was
not significantly correlated between even- and odd-numbered trials
(r=0.35, P>0.25). In contrast, the amplitude of the N2pc and the
onset latency of the N2pc between even- and odd-numbered trials were
both highly correlated (r=0.75, P<0.001, and r=0.70, P=0.002,

SCAN (2015) 58

respectively), indicating that the N2pc was internally reliable. Both
the RT and LPP difference between threatening and neutral image
pairs were not reliable (r=0.16, P>0.64, and r=0.27, P>0.40,
respectively).

DISCUSSION

The present study used ERPs and behavioral measures to examine
the time course of attention to threat in unselected individuals in
the dot-probe task. In line with previous studies, we found no behav-
ioral evidence of an attentional bias to threat in this sample using
traditional RT and accuracy measures. In contrast, neural measures
were able to detect an initial shift of attention to the threat-related
image, reflected by an N2pc to the threatening image directly following
the onset of the image pair. In addition, our analyses showed that this
shift of attention occurred rapidly—by 186 ms after the onset of the
images. We also examined whether the threatening images in the pre-
sent task elicited sustained engagement by measuring the LPP, which
occurred subsequent to the N2pc. These results showed that the LPP to
the mixed-emotion image pairs did not differ from the LPP to neutral
image pairs, indicating that the threatening images on these trials did
not elicit sustained engagement, despite the initial shift of attention to
threat reflected by the N2pc. In contrast, we did find a significantly
increased LPP for threatening image pairs compared with neutral and
threatening—neutral image pairs, indicating that it was possible to elicit
an enhanced LPP in the present study.

The presence of an N2pc to emotional stimuli that was not accom-
panied by a corresponding behavioral effect has been shown in two
previous studies (Fenker et al., 2009; Tkeda et al., 2013), indicating that
it is possible to observe a shift of attention to an emotional stimulus in
the absence of modulation of behavior. In addition, one of these stu-
dies investigated behavior, the N2pc and the LPP and found results
similar to the present study (e.g. an N2pc that was not followed by an
LPP or a behavioral effect; Ikeda er al, 2013).

It is important to ask why the behavioral measures in this task were
unable to capture the attentional bias for threat-related stimuli re-
vealed by the N2pc. One likely explanation is that the N2pc is a
direct measure of attention to the onset of the threatening image,
whereas the behavioral measures are in response to separate target
stimuli that are presented hundreds of milliseconds after the initial
onset of the threatening image. Therefore, it is possible that attention
was withdrawn from the location of the threatening image by the time
the behavioral response was executed (Miiller and Rabbit, 1989). This
idea is supported by the absence of sustained engagement with the
threatening image on the mixed-emotion trials, as reflected by the
LPP. Given that the target stimulus was presented during the time of
the LPP, the absence of an LPP during this time window indicates that
attention may no longer have been present at the location of the
threatening image when the target item was presented. Indeed, affect-
ive modulation of the LPP is highly dependent on the allocation of
spatial attention (Dunning and Hajcak, 2009; Hajcak et al., 2009, 2013;
MacNamara and Hajcak, 2009).

To further examine the measures used in the present study, we as-
sessed the internal (i.e., split-half) reliability of each measure. For the
RT measure of attentional bias traditionally used in the dot-probe task,
we found poor reliability, consistent with previous studies (Schmukle,
2005; Staugaard, 2009; Waechter et al., 2014). This is important, be-
cause a measure cannot be valid if it is not reliable. This poor reliability
may in part explain why an attentional bias to threat has not typically
been observed in unselected individuals in the dot-probe task, as poor
internal consistency makes effects harder to find (Henson, 2001). In
contrast to RT, the N2pc in our sample was internally reliable both in
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terms of amplitude and onset latency measures, indicating that the
N2pc may be a more valid measure of attentional bias to threat.

In summary, the results of the present study show that unselected
individuals do initially and rapidly shift attention to threat-related
images in the dot-probe task, and that the N2pc reliably captures
this shift of attention. However, the initial shift of attention to
threatening images is not accompanied by sustained engagement
with threatening images or by behavioral evidence of an attentional
bias. In addition, the behavioral measure traditionally used in the dot-
probe task showed poor internal reliability, and further analyses illu-
strated that response times overall were increased in the presence of
threat-related information in this task. Together, these results may
explain why previous dot-probe studies in unselected individuals
have been unable to find evidence of an attentional bias to threat.
Moreover, these results indicate that neural measures such as the
N2pc provide important information about the processing of threaten-
ing images that is not captured by behavioral measures in this task.

These results also have implications for the study of attentional bias
to threat in anxiety. Specifically, in contrast to studies in unselected
individuals, the dot-probe task has revealed attentional biases in clin-
ically and non-clinically anxious individuals, and therefore it has
become an important tool in the study of abnormal attention to emo-
tional stimuli in anxiety. However, the majority of these studies rely on
RT, which might be insensitive to threat-related biases (observed here
with ERPs) and may have poor internal reliability. Thus, the ability of
this behavioral measure to elucidate typical versus pathological re-
sponses to threat and reveal individual differences in threat bias may
be quite limited. It remains for future research on attentional bias to
threat in anxiety to determine whether neural measures such as the
N2pc might better characterize abnormal allocation of attention to
threat-related stimuli in anxious individuals. In addition, the N2pc
may be useful for clarifying the mechanisms behind attentional bias
modification treatment programs, which have been used to modulate
the allocation of attention to threat in anxiety (Hakamata et al., 2010).
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