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Attentional Bias to Threat: A Perceptual Accuracy Approach

Stefaan Van Damme, Geert Crombez, and Lies Notebaert
Ghent University

To investigate attentional bias to threatening information, the authors propose a new version of the spatial
cueing paradigm in which the focus is on perceptual accuracy instead of response speed. In two
experiments, healthy volunteers made unspeeded discriminations between three visual targets presented
left or right. Each target was preceded by a visual cue (colored rectangle) at either the same (valid) or
opposite (invalid) location. By means of differential classical conditioning with aversive white noise, a
threat cue and a control cue were created. Analyses of error rates showed that cueing effects (lower
proportion of errors in valid trials relative to invalid trials) were more pronounced in threat trials than in
neutral trials. This threat-related bias was particularly because of threat cues reducing accuracy in invalid
trials, indicating difficulty disengaging attention from threatening information. Engagement of attention
was not affected by threat, as threat cues did not facilitate the processing of targets in valid trials. The
findings are discussed in light of the strengths and limitations of spatial cueing tasks.

Keywords: attentional bias, threat, perceptual accuracy, classical conditioning

Coherent and goal-directed behavior in a complex and unpre-
dictable environment requires efficient selection of information.
An important function of our attention system is to focus on
information that is relevant for dealing with important demands
such as threat (Eccleston & Crombez, 1999; Lang, Bradley, &
Cuthbert, 1990). Consequently, preferential processing of threat-
ening information has been argued to facilitate the initiation of
adaptive behavior (Vuilleumier, 2005). However, when attention is
excessively biased toward relatively mild threats, this mechanism
might become maladaptive. Indeed, biases in information process-
ing are believed to play a role in the development and/or mainte-
nance of clinical anxiety states (Eysenck, 1997; Mathews & Mack-
intosh, 1998; Mogg & Bradley, 1998; Williams, Watts, MacLeod,
& Mathews, 1997).

The idea that attention is biased to threatening information is
well-documented (see Bar-Haim, Lamy, Pergamin, Bakermans-
Kranenburg, & van Yzerdoorn, 2007). One mechanism by which
priority processing of threatening information is believed to occur
is the allocation of attention to its location in space (Crawford &
Cacioppo, 2002). Consequently, it comes as no surprise that a
substantial part of the literature has focused upon biases in spatial
attention. This is typically investigated using experimental para-
digms such as the dot-probe task (MacLeod, Mathews, & Tata,
1986). In this paradigm, a threat stimulus and a neutral stimulus

are simultaneously presented on each trial, after which a small
probe appears at the location of one of these stimuli. Participants
are required to respond as quickly as possible to the probe, with
faster responses to probes at the threat location relative to the
neutral location being indicative of attentional bias to threat (for
some recent examples see Cooper & Langton, 2006; Koster, Ver-
schuere, Crombez, & Van Damme, 2005b; Salemink, van den
Hout, & Kindt, 2007). The interpretation of results obtained from
the dot-probe paradigm is however limited: it is not clear whether
effects are because of faster engagement to threat stimuli, delayed
disengagement from threat stimuli, or a combination of both. The
differentiation between these attention components is of impor-
tance in understanding its role in clinical anxiety, and in designing
intervention strategies (Bögels & Mansell, 2004; Koster, Crombez,
Verschuere, Van Damme, & Wiersema, 2006).

To disentangle different attention components, researchers have
used an emotional modification of the spatial cueing paradigm
(Posner, 1980; Stormark, Nordby, & Hugdahl, 1995). In this
paradigm a threat or neutral cue is shown and then followed by a
target which is presented at the same (valid trial) or the opposite
(invalid trial) location. Participants are required to respond as
quickly as possible to the probe, with typically faster responses on
valid trials compared to invalid trials when cue-target intervals are
short (validity effect). A larger validity effect for threat cues
relative to neutral cues is indicative of an attentional bias to threat.
With this methodology, effects can be decomposed into facilitated
engagement to threat cues (faster responses to valid threat trials
relative to valid neutral trials) and delayed disengagement from
threat cues (slower responses to invalid threat trials relative to
invalid neutral trials). Although delayed disengagement has been
claimed to be the central component of attentional bias to threat
(Fox, Russo, Bowles, & Dutton, 2001; Yiend & Mathews, 2001),
it must be noted that a number of studies also found facilitated
engagement by threat (e.g., Fox, Mathews, Calder, & Yiend, 2007;
Koster, Crombez, Van Damme, Verschuere, & De Houwer, 2005a;
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Mathews, Fox, Yiend, & Calder, 2003; Van Damme, Crombez,
Hermans, Koster, & Eccleston, 2006).

Typical for studies using the spatial cueing paradigm to examine
biased attention to threat is that the conclusions are based upon
reaction time data, obtained from either speeded detection or
speeded discrimination tasks. However, this might be problematic
in two ways. First, attentional bias effects have been shown to be
short-lived (Calvo & Avero, 2005; Koster, Crombez, Verschuere,
Vanvolsem, & De Houwer, 2007; Mogg, Bradley, Miles, & Dixon,
2004). As a consequence, reaction times may not be well suited for
detecting biases in populations characterized by overall slow re-
action speed or psychomotor slowing resulting from aging, depres-
sion, chronic illness, or medication use. Overall, slower reaction
times and increased reaction time variability might blur the often
subtle effects of threat upon attention. Second, it has been argued
that reaction times in speeded spatial cueing tasks do not neces-
sarily reflect effects on the perceptual stage of processing (Prinz-
metal, McCool, & Park, 2005; Santangelo & Spence, 2008).

To clarify the latter problem, we refer to a series of spatial
cueing experiments reported by Prinzmetal et al. (2005). They
showed that the perceptual representation of targets (measured by
accuracy in identification) is only affected by cues that are spa-
tially informative and when participants are instructed that accu-
racy but not response speed matters. The mechanism underlying
cueing effects on perceptual accuracy is what Prinzmetal et al. call
“channel enhancement,” which means that the visual system gath-
ers more information from attended than from unattended loca-
tions. In contrast, when exogenous cues only affect reaction times
to targets without actually affecting their perceptual representation,
this is the effect of “channel selection.” This means that the cue
affects a decision process, that is, which location contains the
target rather than a perceptual process.

In attentional bias studies, increased spatial cueing effects in
threat trials are assumed to reflect increased attention to the loca-
tion of threat cues, as a result of which more information is
available in the cued location. However, this assumption is only
correct when also accuracy in target identification would be af-
fected. Until now, however, attentional bias studies using the
spatial cueing task have only found effects of threatening cues on
reaction times but not on accuracy. Such pattern of results might
simply indicate effects of threat cues on the response stage of
processing, that is, faster selection of a target location before the
identification of the target. This response stage explanation is even
more likely for studies in which the task is to localize the target
using left-right responses (e.g., Fox et al., 2001; Koster et al.,
2005a; Van Damme et al., 2006). Spatial cueing effects then can be
alternatively explained in terms of stimulus-response mapping
(Kornblum, Hasbroucq, & Osman, 1990; Lu & Proctor, 1995),
which in turn can be modulated by the threat value of stimuli
(Schrooten & Smulders, 2007). Note that this particular problem
does not apply to studies in which responses to targets were
independent of their location (Fox et al., 2001, Experiment 4; Fox,
Russo, & Dutton, 2002, Experiment 1; Yiend & Mathews, 2001),
and that in these studies similar results were found.

To overcome problems associated with the use of reaction times,
the present study utilizes a spatial cueing paradigm built around
perceptual accuracy in two experiments. To make sure that we
measure effects at the perceptual level of processing, we followed
two recommendations proposed by Prinzmetal et al. (2005):

(1) cues must be spatially informative, and (2) participants must be
explicitly instructed that accuracy but not response speed matters.
In this perceptual accuracy paradigm, one of three possible visual
target stimuli was presented left or right, and participants were
instructed to determine which target they had seen. Each target was
preceded by a simple visual cue, which was made threatening or
neutral by means of differential classical conditioning. In the same
line as attentional bias studies built around reaction times, we
expected that accuracy would be better in valid trials relative to
invalid trials, and that this validity effect would be more pro-
nounced for threat cues compared to neutral cues. More particu-
larly, we hypothesized that (1) accuracy in valid trials would be
higher for threat cues compared to neutral cues, reflecting facili-
tated engagement by threat, and (2) accuracy in invalid trials
would be lower for threat cues compared to neutral cues, because
of difficult disengagement from threat.

Experiment 1

In this experiment participants were asked to differentiate be-
tween three targets (arrow pointing left, up, or right) presented left
or right. Each arrow was preceded by a cue that was threatening or
neutral. Because this is the first study using this new approach, we
maximized the effects of threat upon attention by using stimuli that
were threatening for all participants. More specifically, we used
simple cues (colored squares) that were made threatening or neu-
tral by implementing a differential fear-conditioning paradigm
within the task. The threat cue (CS�) was sometimes followed by
a highly aversive white noise (unconditioned stimulus; US),
whereas the control cue (CS�) was never followed by this US.
Fear-conditioned cues have been shown to successfully capture
spatial attention in previous studies (Armony & Dolan, 2002;
Koster, Crombez, Van Damme, Verschuere, & De Houwer, 2004;
Van Damme, Lorenz, Eccleston, Koster, De Clercq, & Crombez,
2004; Stormark, Hugdahl, & Posner, 1999). We hypothesized that
accuracy would be higher in valid trials relative to invalid trials,
and that this validity effect would be stronger in CS� trials
compared to CS� trials.

Method

Participants

Twenty-one undergraduate psychology students (1 male and 20
females; mean age � 18.42, SD � 1.12) from Ghent University
participated to fulfill course requirements. The study protocol was
approved by the ethical committee of the Faculty of Psychology
and Educational Sciences at Ghent University. All participants
gave their informed consent and were free to terminate the exper-
iment at any time.

Self-Reports

Trait anxiety in our sample was assessed by the trait version of
the State and Trait Anxiety Inventory (STAI-T; Spielberger, Gor-
such, Lushene, Vagg, & Jacobs, 1983). This instrument can be
used in both clinical and nonclinical populations. This question-
naire consist of 20 statements (e.g., I’m feeling nervous) on which
participants have to assess themselves, using a 4-point scale (1 �
not at all to 4 � all the time). The Dutch version of the STAI-T has
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been shown to be reliable and valid (Van der Ploeg, Defares, &
Spielberger, 1980).

As a manipulation check, participants rated to what extent they
found the UCS unpleasant and threatening using 11-point numer-
ical graphical rating scales (anchored 0 � not at all and 10 � very
strongly). Furthermore, participants reported to what extent they
expected/feared the US after the CS� and after the CS� at the end
of the acquisition phase using 11-point numerical graphical rating
scales (anchored 0 � not at all and 10 � very strongly).

Behavioral Task

The spatial cueing task was programmed and presented by the
INQUISIT Millisecond software package, which measures re-
sponse times with millisecond accuracy (De Clercq, Crombez,
Roeyers, & Buysse, 2003). The sequence of stimuli is illustrated in
Figure 1. All stimuli were presented against a black background.
Each trial started with a white fixation cross which was presented
in the middle of the screen. After a variable amount of time (one
of eight times between 1,500 and 3,500 milliseconds in 250
milliseconds intervals), a spatial cue (square colored in blue or
yellow; 1.4 � 1.4 cm) was presented for a duration of 175
milliseconds on one side of the screen (9 cm between the center of
the cue and the fixation cross). A target stimulus followed the cue
at offset, and consisted of a white arrow (within a black square of
5.5 � 5.5 cm) pointing left, up, or right, which was presented on
either the same side or the opposite side of the screen (again 9 cm
from fixation). After 150 milliseconds, the target was masked with
black and white cross-hatching, and the mask remained on the
screen until a response was made. Cue location correctly predicted
target location on two thirds of the trials (valid trials). On the
remaining trials, cue location incorrectly predicted target location

(invalid trials). Participants were instructed to indicate the direc-
tion of the arrow (left, up, or right) by pressing the corresponding
key (4, 8, 6) on a keyboard. They were instructed to do this as
accurately as possible, and they were encouraged to take their time
as response speed didn’t matter.

The US consisted of a 1,000 milliseconds burst of white noise
delivered through a Sony headphone at an intensity of 90 dB. Cues
were differentially conditioned by their color. In one third of the
presentations, the conditioned cue (CS�) was followed by the US
150 milliseconds after offset. The other cue (CS�) was never
followed by the US. The colors of the CS� and CS� were
counterbalanced. The CS� and CS� were presented equally of-
ten, in a fixed random order with a maximum of three consecutive
presentations of the same cue.

Procedure

Participants were tested individually in a sound-attenuated
room. First, they were informed that an aversive noise stimulus
would be used during the experiment, after which participants gave
their informed consent. No individuals refused or withdrew their
participation. Next, they completed the STAI-T. After this, the
participants were seated at 60 cm viewing distance from the
computer screen to perform the task. All instructions were pre-
sented on the screen. This was followed by a practice phase, in
which participants performed 20 trials of the spatial cueing task
(without US presentations). Next, there was a baseline phase
consisting of 120 trials without US presentations. In the acquisition
phase, consisting of 144 trials, one third of the CS� presentations
were followed by an US (in all trial types). After the acquisition
phase, participants completed the US rating scales, and the expect-
ancy and fear ratings.

+

+

+

+

Fixation 
1500-3500 ms 

Cue 175 ms 

Target 150 ms 

Mask
until response 

Time in ms 

UCS (150 ms 
after cue offset) 

Figure 1. Schematic illustration of sequence of stimuli in an invalid trial. Each trial starts with a fixation cross
in the middle of the screen. After a variable amount of time (between 1500 and 3500 milliseconds), a cue
(colored square) is presented for a duration of 175 milliseconds on one side of the screen. A target stimulus
(arrow) follows the cue at offset on the opposite side of the screen. After 50 milliseconds (spatial cueing
paradigm) or 150 milliseconds (antisaccade task), the target is masked until a response is made. In one third of
the CS� trials, an aversive white noise (90 dB; 1000 milliseconds) is presented 150 milliseconds after cue offset.
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Data Reduction and Statistical Analyses

All analyses were performed upon the number of errors (no
reaction times were registered). Inspection of the data showed that
the error rates of two participants were more than 2 SDs above the
mean error proportion of the sample, and that one of these partic-
ipants responded at chance level. Data from both participants were
considered outliers and excluded from further analyses. Trials with
US presentations were omitted from the analyses, to prevent in-
terpretation of the effects in terms of interference by the noise
stimulus itself. A 2 � 2 repeated measures ANOVA was per-
formed upon the percentage of correct responses in the acquisition
block of the 19 remaining participants, with cue validity (valid,
invalid) and signal (CS�, CS�) as within-subjects variables. As a
control, a similar ANOVA was performed upon the percentage of
correct responses in the baseline block. Note that for the factor
signal the future CS� and CS� were used, as there was no
differential conditioning during the baseline block. Greenhouse-
Geisser corrections (with corrected degrees of freedom) were
reported if the sphericity assumption was violated (Mauchly’s Test
of Sphericity; p � .05). Engagement to and disengagement from
threat were examined using paired-samples t tests. Higher accu-
racy on valid threat versus neutral trials indicates facilitated en-
gagement to threat cues, whereas lower accuracy on invalid threat
versus neutral trials indicates difficult disengagement from threat
cues. Cohen’s d was calculated to determine whether expected
differences had a small (0.20), medium (0.50), or large (0.80)
effect size (Cohen, 1988).

Results

Self-Report Data

Table 1 provided the self-report data. The US (white noise
stimulus) was perceived as highly unpleasant and threatening. As
a manipulation check we compared expectancy and fear of the US
between the two cues. Expectancy of the US was significantly
larger for the CS� than for the CS�, t(18) � 13.61, p � .001. In
addition, fear of the US was significantly larger for the CS� than
for the CS�, t(18) � 9.52, p � .001. This indicates that our
differential conditioning procedure was successful and that the
CS� was perceived as a threat cue in comparison with the CS�.

Behavioral Data

Overall, error percentages were very low (M � 3.6, SD � 2.5).
In the baseline phase, there was only a significant Cue validity
effect, F(1, 18) � 22.36, p � .001, indicating a lower percentage

of errors in valid trials (M � 1.8, SD � 2.3) compared to invalid
trials (M � 10.6, SD � 8.9). As colors were not conditioned yet in
this phase, there were no effects of CS or Cue validity � CS (Fs �
1). In the acquisition phase, we found again a significant Cue
validity effect, F(1, 18) � 13.92, p � .01, showing a lower
percentage of errors in valid trials (M � 2.0, SD � 1.5) compared
to invalid trials (M � 7.0, SD � 6.3). There was also a significant
effect of CS, F(1, 18) � 4.72, p � .05, showing that more errors
were made on CS� trials (M � 5.7, SD � 3.3) than on CS� trials
(M � 3.3, SD � 1.8). Of particular interest here however is the
critical Cue validity � CS interaction, which was significant, F(1,
18) � 5.09, p � .05. This interaction was broke down into
engagement and disengagement effects (see Table 2). We found no
lower percentage of errors in valid CS� trials than in valid CS�
trials, t(18) � �0.21, p � .836 (d � �0.05; 95% CI: �0.68, 0.57),
indicating no facilitated engagement to threat. However, we found
that the proportion of errors was significantly higher in invalid
CS� trials compared to invalid CS� trials, t(18) � 2.28, p � .035
(d � 0.61; 95% CI: �0.03, 1.24), indicating difficult disengage-
ment from threat.

Finally, we calculated correlations between trait anxiety and
both attentional engagement to threat (valid CS� trials minus
valid CS� trials) and disengagement from threat (invalid CS�
trials minus invalid CS� trials). Both correlations were nonsig-
nificant ( p � .10).

Discussion

Findings were largely in line with previous research using the
emotional spatial cueing paradigm. In these studies, the cue valid-
ity effect (faster responses to valid trials than to invalid trials) was
more pronounced for threat cues than for neutral cues, indicating
increased allocation of attention to threat (Fox et al., 2001; Koster
et al., 2005a, 2006; Van Damme et al., 2006; Yiend & Mathews,
2001). We were able to demonstrate a similar effect in terms of
perceptual accuracy. Because our approach ruled out effects on the
response stage of processing (see Prinzmetal et al., 2005), we
believe that the present results are a genuine demonstration of
increased allocation of attention to the location of a threatening
cue.

Of particular interest is that we replicated several other studies
(Fox et al., 2001, 2002; Yiend & Mathews, 2001) in showing that
threat increased the cost of invalid cues. This indicates that diffi-
culty disengaging attention from the location of threatening infor-
mation occurs at the perceptual stage, that is, attention is focused
on the location of the threat cue leading to diminished perceptual
accuracy at the opposite location. Although a number of spatial
cueing studies using fear-conditioned cues (Koster et al., 2004,
2005a; Van Damme et al., 2004, 2006) also showed that threat
increased the benefit of valid cues, no indication of facilitated
engagement by threat was found in the present study. In attentional
bias studies relying on reaction times, the absence of engagement
effects by threat has been explained by the very good performance
in valid trials, hardly leaving room for improvement by the pres-
ence of threat (Fox et al., 2001). This explanation may also apply
to our results, given the fact that accuracy was extremely high,
particularly in valid trials (98%). To make our approach more
sensitive and avoid ceiling effects in accuracy, we conducted a

Table 1
Means (and Standard Deviations) of Self-Report Data

Experiment 1 Experiment 2

US unpleasant 7.6 (2.4) 8.3 (1.4)
US threatening 6.0 (2.8) 6.9 (2.6)
CS� expectancy 7.2 (2.2) 7.1 (2.7)
CS� expectancy 0.3 (0.8) 0.5 (0.7)
CS� fear 5.4 (2.4) 5.7 (2.9)
CS� fear 0.6 (1.5) 0.4 (0.9)
STAI-T 48.3 (3.4) 37.7 (6.2)
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second experiment in which we attempted to increase the error
rates by manipulating the presentation time of the targets.

Experiment 2

In this experiment, the same basic paradigm as in the first
experiment was used, but with two methodological adaptations.
First, we individually manipulated the presentation time of the
targets o increase the sensitivity of the paradigm by increasing the
error rates. More specific, we adapted target presentation time for
each participant individually based upon performance during the
exercise block: good performance resulted in shorter presentation
times, whereas poor performance resulted in longer presentation
times. Second, we decided to use geometrical forms instead of
arrows as targets, because arrows connote a spatial direction. This
could possibly result in some form of target-location compatibility:
when the direction of the target is valid (invalid) with its position
on the screen, this could lead to facilitation (inhibition). Although
it is unlikely that such compatibility effect can account for the
findings reported in the first experiment—the allocation of differ-
ent target types to different spatial locations was counterbal-
anced—it still might have resulted in less reliable data. Therefore,
we replaced the arrows by nondirectional targets (three different
geometrical forms).

Method

Participants

Thirty undergraduate psychology students (9 males, 21 females;
mean age � 18.10, SD � 0.71) from Ghent University participated
to fulfill course requirements. The study protocol was approved by
the ethical committee of the Faculty of Psychology and Educa-
tional Sciences at Ghent University. All participants gave informed
consent and were free to terminate the experiment at any time.

Behavioral Task

Again, the spatial cueing task was used. However, there were
two important differences as compared to Experiment 1. First,
instead of arrows geometric forms were used as targets, which
could be a triangle, a square, or a pentagon. Participants were
instructed to indicate which figure was presented by pressing the
corresponding button on an RB-530 Cedrus response box. Again,
accuracy instead of speed was emphasized. Second, to control for
ceiling effects in accuracy, presentation time of the target stimuli
was individually determined based on participants’ performance
during the exercise block. After a small pilot study using the new
version of the paradigm, 150 milliseconds was used as the starting

presentation time in the exercise block. This presentation time
could be adapted twice: after half of the exercise block and at the
end of the exercise block. When accuracy was lower than 50%,
presentation time was increased by 25 milliseconds. When accu-
racy was higher than 75%, presentation time was decreased by 25
milliseconds. Consequently, during the experimental blocks, pre-
sentation time of the targets could individually vary between 100
and 200 milliseconds. In the current experiment, the mean presen-
tation time was 120 milliseconds, with a standard deviation of 21
milliseconds and a range between 100 and 175 milliseconds.

Procedure and Statistics

These were the same as in Experiment 1, with the sole exception
that the exercise block now consisted of 40 instead of 20 trials,
which was necessary to allow the individual adaptation of the
presentation times of targets. Inspection of the data showed that the
individual determination of target duration did not have the re-
quired effect for two participants. These participants made no
errors at all on valid trials, which we actually tried to avoid.
Therefore, data from both participants were excluded from further
analyses.

Results

Self-Report Data

Table 1 provided the self-report data. The US was perceived as
highly unpleasant and threatening. As a manipulation check, we
compared expectancy and fear of the UCS between the two cues.
Expectancy of the US was significantly larger for the CS� than for
the CS�, t(27) � 11.81, p � .001. In addition, fear of the US was
significantly larger for the CS� than for the CS�, t(27) � 9.41,
p � .001. This indicates that our differential conditioning proce-
dure was successful and that the CS� was perceived as a threat
cue in comparison with the CS�.

Behavioral Data

Overall, error percentages were much higher than in the first
experiment (M � 19.6, SD � 5.7). In the baseline phase, only a
significant Cue validity effect, F(1, 27) � 133.60, p � .001
emerged, indicating a lower percentage of errors in valid trials
(M � 5.4, SD � 4.0) compared to invalid trials (M � 34.6, SD �
12.9). As colors were not conditioned yet in this phase, there were
no effects of CS or Cue validity � CS (Fs � 1). In the acquisition
phase, we found again a significant Cue validity effect, F(1, 27) �
123.26, p � .001, showing a lower percentage of errors in valid
trials (M � 5.0, SD � 4.5) compared to invalid trials (M � 33.1,
SD � 12.2). However, there was also a significant effect of CS,
F(1, 27) � 9.85, p � .01, showing that more errors were made on
CS� trials (M � 21.2, SD � 8.0) than on CS� trials (M � 16.9,
SD � 6.5). Of particular interest is the significant Cue validity �
CS interaction, F(1, 27) � 8.50, p � .01. This interaction was
broke down into engagement and disengagement effects (see Table
2). In valid trials, the proportion of errors was not lower for CS�
cues than for CS� cues, t(27) � �0.97, p � .342 (d � �0.17;
95% CI: �0.70, 0.35), indicating no facilitated engagement to
threat. However, we found that the proportion of errors was
significantly higher in invalid CS� trials compared to invalid

Table 2
Means and Standard Deviations of Error Percentages in
Different Trial Types

Experiment 1 Experiment 2

Valid CS� 2.1 (1.7) 5.4 (5.6)
CS� 2.0 (1.9) 4.5 (4.7)

Invalid CS� 9.4 (10.0) 37.0 (14.6)
CS� 4.7 (3.8) 29.3 (12.8)
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CS� trials, t(27) � 3.27, p � .003 (d � 0.56; 95% CI: 0.02, 1.09),
indicating difficult disengagement from threat.

Finally, we calculated correlations between trait anxiety and
both attentional engagement to threat (valid CS� trials minus
valid CS� trials) and disengagement from threat (invalid CS�
trials minus invalid CS� trials). Both correlations were nonsig-
nificant ( p � .10).

Discussion

The results are closely in line with the findings of the first
experiment. Again, it was shown that perceptual accuracy was
modulated by threatening spatial cues. In addition, the
engagement-disengagement pattern obtained was similar to Exper-
iment 1. Although we used a more sensitive paradigm to reduce
ceiling effects, accuracy on valid trials was again not affected by
the threat value of the cues, indicating no effects on the engage-
ment component. On invalid trials, accuracy was substantially
lower when cues were threatening than when cues were neutral,
indicating difficult disengagement from threat cues.

By manipulating the presentation time of the targets, we were
able to make our paradigm more sensitive. Although the shorter
presentation times substantially reduced accuracy, it has to be
noted that this effect was more pronounced for the invalid trials
than for the valid trials. On the valid trials, the number of errors
was about 5% (in comparison with 2% in the first experiment).
Although this is still a low error rate, one would expect effects of
threat beginning to emerge in the expected direction, which was
not the case.

General Discussion

Biased attention to threat stimuli is considered an etiological and
maintaining factor in a large class of anxiety disorders (Eysenck,
1997; Mathews & Mackintosh, 1998; Mogg & Bradley, 1998;
Williams et al., 1997). This assumption has resulted in extensive
research efforts with various experimental paradigms. One partic-
ularly elegant paradigm is the emotional modification of the spatial
cueing paradigm, because it allows differentiating between the
attentional components of engagement and disengagement (Posner
& Peterson, 1990). Typical for studies using the spatial cueing
paradigm to examine biased attention to threat is that the conclu-
sions are based upon reaction time data, obtained from either
speeded detection or speeded discrimination tasks. We have iden-
tified two potential problems in this approach. First, reaction times
may not be well suited for detecting biases in populations charac-
terized by overall slow reaction speed or psychomotor slowing,
because biases have been shown to be short-lived (e.g., Koster et
al., 2007). Second, in speeded spatial cueing tasks, studies typi-
cally demonstrate effects of threat on reaction times but not on
accuracy, indicating effects on the response stage of processing
rather than at the perceptual stage (Prinzmetal et al., 2005).

To investigate effects of threat cues on the perceptual level of
processing, we performed two experiments using a perceptual
accuracy version of the spatial cueing paradigm. To prevent re-
sponse stage effects, we used cues that were spatially informative,
and we explicitly instructed participants to focus on accuracy and
not speed. Across two experiments differing in target stimuli,
presentation time of targets, and overall error rates, highly similar

results were found. Threatening cues enhanced spatial cueing
effects in terms of perceptual accuracy. There was no difference in
accuracy between threat cues and neutral cues when targets were
presented on the expected location (valid cues). However, when
targets were presented on the unexpected location (invalid cues),
the percentage of errors was significantly larger in threat trials than
in neutral trials. This indicates a difficulty disengaging attention
from a location containing threatening information. In other words,
attention was prioritized to the location of the threat cue, making
it more difficult to correctly identify the target stimulus at the
opposite location. However, attention to the location of the threat
cue did not result in better identification of subsequent targets
presented at that location. These findings are similar to the con-
clusions of several studies relying on reaction times as a measure
of attention (Fox et al., 2001; Koster et al., 2004; Van Damme et
al., 2006; Yiend & Mathews, 2001).

Although it is tempting to conclude that only the disengagement
component of attention matters, caution is required. A number of
methodological issues may account for the absence of engagement
effects in the current study. For instance, it has been argued that
performance on valid trials is usually very good and that this
hardly leaves room for improvement by the presence of threat (Fox
et al., 2001). This explanation might particularly apply to the
results in our first experiment, in which performance on valid trials
was nearly perfect. By manipulating the presentation time of
targets in the second experiment, we attempted to increase error
rates. This manipulation was successful as there was an overall
substantial reduction in accuracy. Nevertheless, the error rate in
valid trials was still low (about 5%) and we cannot be certain that
this was sufficient to allow the detection of beneficial effects of
threat upon engagement. As this may limit the usefulness of this
task in future research, more work is needed to refine the paradigm
so that engagement and disengagement effects have equal chances
to be detected. One possibility that comes in mind is further
decreasing the presentation time of targets. Although this might
adequately reduce ceiling effects in valid trials, one could expect
that accuracy on invalid trials will drastically decrease and even-
tually reach chance level, which might become problematic for
interpreting disengagement effects. Perhaps in future experiments
it should be considered using different presentation times for
targets in valid and invalid trials based upon performance in an
extended exercise block, to reach an “ideal” accuracy level (e.g.,
between 80 and 90% on valid trials and between 60% and 70% on
invalid trials). Another possibility is working with degreaded tar-
get stimuli or using targets that are perceptually more similar than
the different geometrical forms in the present task.

Another important issue is that the interpretation of data ob-
tained from the emotional exogenous cueing paradigm, and par-
ticularly the differentiation between engagement and disengage-
ment effects, is liable to criticism. As pointed out by Yiend and
Mathews (2001), responses to targets are generally slower when
preceded by threatening cues relative to neutral cues. Mogg,
Holmes, Garner, and Bradley (2008) persuasively demonstrated
that such response interruption leads to artificially increased re-
sponse times to both valid threat trials—resulting in an underesti-
mation of the engagement effect—and invalid threat trials—
resulting in an overestimation of the disengagement effect.
Although our paradigm seems to get round this problem by relying
on accuracy instead of response speed, it still has to be noted that
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we found a significant main effect of CS in both experiments, with
lower accuracy on threat trials than on neutral trials. This suggests
that general interference by threatening information might not be
limited to reaction time effects. At present, it is not clear how
overall accuracy in our study could have been affected by threat.
One possible mechanism is an anxiety-related decrease in atten-
tional control (Eysenck, Derakshan, Santos, & Galvo, 2007). More
specific, processing efficiency might have been negatively affected
as a result of anxiety evoked by the task-irrelevant threatening
stimulus, leading to impaired task performance. However, more
research is needed to clear out this issue and its potential impact
upon this particular paradigm.

We also have to keep in mind that several spatial cueing studies
have reported that threat cues can facilitate target processing in
valid trials. It is interesting to examine which task parameters are
necessary to allow the detection of engagement effects. One im-
portant difference between our study and some of the studies
showing engagement effects is the use of central instead of pe-
ripheral cues (see Fox et al., 2007; Mathews et al., 2003). It is
possible that tasks using central cues are more sensitive in detect-
ing engagement effects. However, it should be noted that also a
number of spatial cueing studies using peripheral fear-conditioned
cues (Koster et al., 2004, 2005a; Van Damme, Crombez, & Ec-
cleston, 2004, 2006) showed facilitated engagement by threat.
Note that cueing effects in those particular studies might have been
confounded by spatial stimulus-response mapping (Lu & Proctor,
1995). It could be argued that engagement effects reported there do
not reflect a genuine perceptual mechanism but rather the modu-
lation of stimulus-response mapping by threatening cues (Schroo-
ten & Smulders, 2007). However, more specific research is needed
to allow any firm conclusion about this.

The findings have both theoretical and clinical relevance. First,
the results further corroborate the conclusion from previous work
in this area. The modulation of spatial attention by threatening cues
also affects perceptual accuracy. This shows a more complete
picture of how our attention system processes threatening infor-
mation and allows further refinement of cognitive models of threat
processing (e.g., Mogg & Bradley, 1998). Second, our findings
confirm pronounced difficulty disengaging as a potentially impor-
tant component of biased attention to threat. Important to note is
that the effect sizes for the disengagement effect in the present
experiments (Cohen’s d of 0.61 and 0.56) are substantially higher
than those obtained in spatial cueing studies relying on reaction
times, indicating the sensitivity of the paradigm. Effect sizes for
disengagement effects were small (Cohen’s d between 0.20 and
0.30) in other studies using fear-conditioned cues (Koster et al.,
2004, 2005a; Van Damme et al., 2004, 2006). In addition, in
studies using pictorial cues in high anxious samples (Koster et al.,
2006, 2007; Yiend & Mathews, 2001) effect sizes for disengage-
ment effects were rather small (Cohen’s d between 0.30 and 0.40).

There are a number of issues which need to be considered when
drawing conclusions from the current study. First, cautiousness is
required in generalizing the results, because we used small samples
of undergraduate students. Replication of the findings in larger
nonclinical and clinical samples is necessary. Second, we used
cues that were fear-conditioned by means of aversive white noise.
It is important that future studies utilize other threatening stimuli
that have more ecological validity. Third, we did not include
control conditions in which a nonthreatening stimulus was used as

US. However, we refer to previous spatial attention studies that
included such control condition (Koster et al., 2004; Van Damme
et al., 2004), and showed that the effects were threat-specific.
Fourth, it has to be noted that the attention effects in both exper-
iments were not related to the level of trait anxiety. A plausible
explanation for this is that the noise stimulus was highly unpleas-
ant for all participants, decreasing the chance of interindividual
variance. Also, note that the level of trait anxiety was high,
particularly in the first experiment. It is possible that our results
reflect an anxiety-specific difficulty disengaging attention from
threat cues. In future studies it would be interesting to compare the
effects of threatening cues on perceptual accuracy between se-
lected groups of high and low anxious individuals. Despite these
limitations, we believe that the perceptual accuracy approach pre-
sented here might prove a meaningful contribution to the atten-
tional bias literature on both a theoretical and methodological
level.
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