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Cognitive theorists propose that attentional biases for threatening information play an important role
in the development and maintenance of anxiety disorders. If attentional biases for threat figure in the
maintenance of anxiety, then the experimental reduction of the bias for threat (attention training) should
reduce anxiety. We randomly assigned 41 spider-fearful individuals to receive either attention training
(n = 20) or control procedures (n = 21). We used a modified dot-probe discrimination paradigm with
ttention training
ognitive bias modification
ttentional bias
pider phobia
ot-probe paradigm

photographs of spiders and cows to train attention. Training reduced attentional bias for spiders, but only
temporarily. Although both groups declined in spider fear and avoidance, reduction in attentional bias
did not produce significantly greater symptom reduction in the training group than in the control group.
However, reduction in attentional bias predicted reduction in self-reported fear for the training group. The
reduction in attentional bias for threat may have been insufficiently robust to produce symptom reduction
greater than that produced by exposure to a live spider and spider photographs alone. Alternatively,

an u
attention training may be

. Background

Cognitive theorists propose that attentional biases for threat-
ning information play an important role in the development and
aintenance of anxiety disorders (Beck & Clark, 1997). Using a vari-

ty of methods, researchers have consistently found attentional
iases for threatening information among individuals with anx-

ety disorders (for reviews Harvey, Watkins, Mansell, & Shafran,
004; Williams, Mathews, & MacLeod, 1996). If attentional biases
or threat maintain anxiety, then the experimental reduction of
he bias for threatening information (attention training) should
educe anxiety. Recently, investigators have begun to study atten-
ion training by modifying the dot-probe paradigm.

MacLeod, Mathews, and Tata (1986) developed this paradigm
o measure attentional biases for threat among anxiety dis-
rder patients. Participants view two stimuli (a threat-related
ord/photograph and a neutral word/photograph) presented in

wo areas of a computer screen. Immediately thereafter, a probe
eplaces one of the stimuli. Participants respond to the probe as
uickly as possible. An attentional bias for threat-related stimuli

ccurs when participants are faster to respond to the probe when
t replaces a threat stimulus than when it replaces a nonthreat stim-
lus, thereby implying that the participant’s attention is directed
o the location occupied by the threat stimulus. The dot-probe dis-

∗ Corresponding author. Tel.: +1 617 724 6300; fax: +1 617 495 3728.
E-mail address: hreese@fas.harvard.edu (H.E. Reese).

887-6185/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.janxdis.2010.04.006
nsuitable intervention for spider fear.
© 2010 Elsevier Ltd. All rights reserved.

crimination task is a variant of the dot-probe paradigm. It requires
participants to identify the nature of the probe (e.g., the symbol: or
..; the letter E or F) as quickly and accurately as possible.

In attention training, the dot-probe paradigm is fixed so that
the probe nearly always replaces either the threat-related or
neutral stimulus. When participants complete this modified dot-
probe, they learn that they can increase the speed of response if
they attend to the stimulus that best predicts the location of the
probe.

MacLeod, Rutherford, Campbell, Ebsworthy, and Holker (2002)
were the first investigators to modify the dot-probe paradigm to
produce an attentional bias for either negative or neutral words in
healthy individuals. They found that those participants trained to
attend to negative material, when compared to participants trained
to attend to neutral material, reported greater increases in negative
mood and anxiety after completing a stressful anagram task. That
is, the training procedure produced an attentional bias for nega-
tive material that rendered participants vulnerable to responding
anxiously to a subsequent laboratory stressor.

More recent work has demonstrated that attention training with
the modified dot-probe paradigm can reduce attentional bias for
threat as well as symptoms of anxiety among students (Mathews
& MacLeod, 2002; See, MacLeod, & Bridle, 2009), and people with

social anxiety (Amir, Weber, Beard, Bomyea, & Taylor, 2008; Amir
et al., 2009; Li, Tan, Qian, & Liu, 2008; Schmidt, Richey, Buckner, &
Timpano, 2009), generalized anxiety disorder (Amir, Beard, Burns,
& Bomyea, 2009), and sub-clinical obsessive–compulsive disorder
(Najmi & Amir, 2010).

http://www.sciencedirect.com/science/journal/08876185
mailto:hreese@fas.harvard.edu
dx.doi.org/10.1016/j.janxdis.2010.04.006
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Table 1
Baseline characteristics of the training and control groups.

Training Control t p

Age
M 26.0 26.7 .28 .78
SD 7.48 8.73

SPQ
M 21.5 21.1 .29 .77
SD 4.53 4.30
58 H.E. Reese et al. / Journal of An

In our experiment, we adapted procedures of MacLeod et al.
2002) and Mathews and MacLeod (2002, experiment 8) to examine
he effect of attention training on levels of spider-related anxi-
ty in spider-fearful individuals. Spider-fearful individuals have
onsistently demonstrated attentional biases for spider-related
nformation on reaction time and eye-tracking measures of atten-
ion (Kindt & Brosschot, 1997; Mogg & Bradley, 2006; Pflugshaupt
t al., 2005; Rinck, Reinecke, Ellwart, Heuer, & Becker, 2005). These
iases for threat also decline following successful treatment (van
en Hout, Tenney, Hyugens, & de Jong, 1997). Although no one
as attempted to modify pre-existing attentional biases for spi-
ers in spider-fearful individuals, Harris and Menzies (1998) used
he modified dot-probe paradigm to induce a bias either toward or
way from spider-related words in non-fearful participants. In this
ase, induction of a bias in both directions was successful although
he induction of a bias toward spider-related words did not increase
pider fear. However, training was perhaps too brief (40 dot-probe
rials) to produce a robust change in attentional bias.

Researchers have yet to test whether one can attenuate
re-existing attentional biases in spider-fearful participants and
hether any attenuation results in symptom reduction. We
ypothesized that attention training designed to produce a bias
oward nonthreatening pictorial stimuli will result in decreased
evels of spider fear, and behavioral avoidance among spider-fearful
ndividuals. We also hypothesized that degree of reduction in atten-
ional bias for spiders will predict degree of reduction in spider fear,
nd behavioral avoidance among spider-fearful individuals.

Additionally, we examined whether participants learned to
ttend to neutral stimuli or to disengage attention from threaten-
ng stimuli. During the attention training, our participants saw pairs
f cow and spider photographs (trained pairs). Subsequently, when
e tested participants’ attentional biases with the unmodified dot-
robe discrimination task, participants saw trials with cows and
piders as well as birds and spiders (untrained pairs). By contrasting
articipants’ reaction times for the trained pairs with the untrained
airs, we hoped to determine whether the learned bias results from
ttentional capture by the cow photographs or from attentional
isengagement from the spider photographs. If participants show
reduction in bias for spiders for the trained stimulus pairs and
ot the untrained stimulus pairs after training, this would suggest
hat they are learning to attend to the cow photographs. There-
ore, when that stimulus is absent, they do not exhibit the learned
ias. If, however, participants show a reduction in bias for spi-
ers for the trained and untrained pairs after training, this would
uggest that the participants are learning to disengage from the
piders.

. Method

.1. Participants

Forty-four spider-fearful individuals (34 female; 38 White, 3
sian, 3 Black) between the ages of 18 and 50 were recruited from

he Boston area through craigslist.com. One-hundred and three
ndividuals responded to our advertisements and those individuals

ho scored in the upper 25th percentile of the Spider Question-
aire (SPQ; Klorman, Weerts, Hastings, Melamed, & Lang, 1974),
ccording to the separate norms established for males and females
ere invited to participate. Two participants did not return after the
rst visit. One participant was excluded for failure to follow study

nstructions. These participants are not included in any further pre-

entation of results. The remaining 41 participants were randomly
ssigned to training (n = 20) or control procedures (n = 21). Neither
he experimenter nor the participant was aware of the experi-

ental condition until the end of the experiment. Mean age of
articipants was 26.3 years. Training and control groups did not
BAT score
M 3.15 3.57 .99 .33
SD 1.27 1.43

differ in age, self-reported spider fear, or behavioral avoidance at
baseline (Table 1). Participants were paid $55 for participating.

2.2. Apparatus

Stimuli were presented on a T42 IBM laptop with a
28.5 cm × 21.5 cm screen, and E-prime (Schneider, Eschman, &
Zuccolotto, 2002) presented the computer tasks and recorded reac-
tion times in milliseconds. Button-press responses to the dot-probe
discrimination testing and attention training/control procedure
were recorded on a serial response box, Model 200a, manufactured
by Psychology Software Tools, Inc. Participants sat approximately
65 cm from the monitor for all computer tasks.

2.3. Measures

Spider Questionnaire (SPQ): The Spider Questionnaire is a 31-
item questionnaire developed to assess fear of spiders (Klorman et
al., 1974).

Visual analogue scale (VAS): Immediately before and after the
training or control procedure, participants rated their feelings on 10
dimensions (relaxed, tense, happy, sad, awake, tired, calm, afraid,
attentive, bored) by making an X on a 100 mm line ranging from 0
(not at all) to 100 (extremely).

2.4. Tasks

2.4.1. Behavioral Avoidance Test (BAT)
Participant’s willingness to approach a caged, tarantula (Chilean

Rose, Grammastola rosea) was measured. Participants were rated
on a scale from 0 (not avoidant) to 5 (extremely avoidant). Those
participants unwilling to enter the room with the spider received
a score of 5. Participants only willing to enter the room briefly
received a score of 4. Participants willing to stay in the room with
the caged spider for 3 min received a score of 3. Participants willing
to sit next to the spider’s cage for 3 min received a score of 2. Partic-
ipants willing to sit next to the open spider’s cage for 3 min received
a score of 1. Participants willing to touch the spider received a score
of 0. Additionally, Subjective Units of Distress (SUDs) ratings of
fear from 0 (no fear) to 100 (the most fear ever experienced) were
obtained at each level of approach undertaken by the participant.

2.4.2. Dot-probe discrimination task
Dot-probe discrimination testing consisted of 96 trials delivered

in one block. Each trial began with a fixation asterisk displayed in
the center of the computer monitor for 1000 ms. Following the dis-
appearance of the asterisk, two photographs appeared just above

and below center screen. Five-hundred milliseconds later, the pho-
tographs disappeared and a probe (the letter E or F) appeared in one
of the locations previously occupied by the photographs. The partic-
ipant’s task was to identify the letter by pushing the corresponding
button (E or F) on a serial response box as quickly and as accurately

http://craigslist.com/
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s possible. The probe remained on the screen until a response
as detected. The inter-trial interval was 500 ms. Each pair of
hotographs consisted of a spider photograph and nonthreatening
hotograph (cow or bird). At the baseline assessment, all trials con-
isted of spider–cow pairs. Participants saw 6 unique spider–cow
airs. Each spider–cow pair was presented 16 times with the cow
nd spider photographs appearing equally often in the top and bot-
om positions and the probe appearing equally often behind the
ow and spider photographs. At the remaining assessments, partic-
pants saw 6 novel spider–cow pairs, and 6 novel spider–bird pairs
andomly intermixed. Each spider–cow pair and spider–bird pair
as presented 8 times, with the nonthreatening (cow or bird) and

pider photographs appearing equally often in the top and bottom
ositions and the probe appearing equally often behind the non-
hreatening (cow or bird) and spider photographs. The first 10 trials
ere excluded from each testing block to eliminate practice effects.

.4.3. Attention training
Attention training consisted of the dot-probe discrimination

ask described above, modified to facilitate an attentional bias away
rom threatening material. In this case, the probe always replaced
he cow photograph. Photographs used in dot-probe testing at
aseline were used for the attentional training. Again, the cow and
pider photographs appeared equally often in the top and bottom
ositions. Participants completed 768 trials delivered in 8 blocks.
hey were allowed to take as long of a break as desired between
ach block.

.4.4. Control procedure
The control procedure was identical to the attention training

xcept the probe appeared equally in the location previously occu-
ied by the cow and spider photographs.

.5. Stimuli

Thirty-six photographs (18 spiders, 12 cows, 6 birds) were used
n the dot-probe testing and attention training/control procedure.
ll photographs were obtained on the Internet. Prior to initiating

he study, we asked 15 independent raters to assess all photographs
n 5 dimensions: threat, arousal, amusement, positivity and com-
lexity. Raters scored each photograph on each dimension on a
ikert scale from 0 (not at all) to 6 (extremely).

Contrast analyses were conducted to test for differences on each
imension between the spider, cow, and bird photographs used in
he dot-probe discrimination testing and attention training/control
rocedure. As expected, the spider photographs were significantly
ore threatening than the cow photographs t(33) = 20.33, p < .001,
= 7.08 and the bird photographs t(33) = 17.56, p < .001, d = 6.60. The

pider photographs were significantly less positive than the cow
hotographs t(33) = 15.57, p < .001, d = 5.43 which were also signif-

cantly less positive than the bird photographs t(33) = 6.87, p < .001,
= 2.39. Spider photographs were significantly more arousing than

he bird photographs t(33) = 13.22, p < .001, d = 4.61, which were
ignificantly more arousing than the cow photographs t(33) = 3.35,
= .002, d = 1.17. The cow and bird photographs were equally amus-

ng and significantly more amusing than the spider photographs
(33) = 15.97, p < .001, d = 5.56. The spider photographs were not
ignificantly more complex than the bird photographs but were
ignificantly more complex than the cow photographs t(33) = 5.93,
< .001, d = 2.07.
.6. Procedure

All participants visited the lab four times. At the first visit, par-
icipants provided informed consent before completing the SPQ,
AT, and the dot-probe discrimination task. Participants returned
Disorders 24 (2010) 657–662 659

1–5 days later to complete the attentional training or control pro-
cedures and dot-probe testing. Prior to and immediately following
the training/control procedure, participants completed the visual
analogue scales to assess for changes in mood, anxiety, and alert-
ness. Participants returned for the third and fourth visits 1-day and
1-week after the training/control procedures, respectively. At these
visits, participants repeated the SPQ, BAT, and dot-probe testing to
assess for changes in self-reported fear, fear in the presence of a
spider, avoidance, and attentional bias.

3. Results

3.1. Data reduction

Dot-probe discrimination testing: All trials with incorrect
responses were excluded (3.26% of pre- and post-training trials).
Trials with response latencies less than 200 ms or greater than
1000 ms were excluded (6.74% of correct pre- and post-training
trials). Finally, trials with response latencies ± (2 × SD) from each
participant’s mean response latency were excluded (4.78% of
remaining pre- and post-training trials). There were no significant
differences between the training and the control group in the mean
number of trials included at baseline, t(39) = .174, p = .86, or post-
training, t(39) = .112, p = .91.

3.2. Analyses

3.2.1. Attentional bias
To assess for an attentional bias for spiders at baseline, we con-

ducted a one-tailed paired-samples t-test comparing mean RT for
trials in which the probe replaced the cow and mean RT for trials in
which the probe replaced the spider. Participants were on average
9 ms faster at detecting the probe when it replaced the spider pho-
tograph than when it replaced the cow photograph. This difference
fell short of statistical significance, t(40) = 1.38, p = .089, suggesting
a trend toward attentional bias for spiders at baseline.

To assess whether a change in attentional bias occurred among
the training group, we first computed an index of attentional bias
for the spider photographs as:

Spider Bias = mean RT for trials in which the probe replaced the cow

− mean RT for trials in which the probe replaced the spider.

We then conducted a 2(Group: training, control) × 2(Time: pre-
training, post-training) mixed ANOVA with Group as a between
subjects factor, Time as a repeated measures factor, and Spider Bias
as the dependent variable. This was done first with the Spider Bias in
the cow–spider trials and then repeated with the Spider Bias in the
bird–spider trials. A significant Group × Time interaction emerged,
F(1, 39) = 6.01, p = .019 for the cow–spider pairs. The main effects of
Group and Time were nonsignificant. Follow-up analyses revealed
that the groups did not significantly differ in degree of Spider Bias
at pre-training, t(39) = .033, p = .97. Immediately post-training, the
training group demonstrated a significantly lower Spider Bias than
the control group, t(39) = 2.80, p = .008, d = .90. Moreover, one-tailed
t-tests revealed that the pre- to post-training change in attentional
bias was nonsignificant for the control group, t(20) = 1.59, p = .064,
and significant for the training group, t(19) = 1.85, p = .039, d = .63.

A similar pattern of results emerged with the bird–spider
pairs. Again, a significant Group × Time interaction emerged, F(1,

39) = 6.87, p = .012. The main effects of Group and Time were
nonsignificant. Follow-up analyses revealed that the groups did
not significantly differ in degree of Spider Bias at pre-training,
t(39) = .033, p = .97. Immediately post-training, the training group
demonstrated a significantly lower Spider Bias than the control
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roup, t(39) = 2.41, p = .021, d = .77. Moreover, one-tailed t-tests
evealed that the pre- to post-training change in attentional bias
as nonsignificant for the control group, t(20) = 1.33, p = .099 and

ignificant for the training group t(19) = 2.36, p = .015, d = .60.
To explore whether training effects persisted to 1-day post-

raining, we conducted a 2(Group: training, control) × 2(Time:
re-training, 1-day post-training) mixed ANOVA with Group as
between subjects factor, Time as a repeated measures factor,

nd Spider Bias as the dependent variable. Because results at
ost-training did not differ between the cow–spider pairs and
ird–spider pairs, we collapsed our findings across both trial types.
esults revealed a marginally significant Group × Time interac-
ion, F(1, 39) = 3.99, p = .053, with no main effect of Group or
ime. Similar to post-training, follow-up analyses revealed that the
roups did not significantly differ in degree of Spider Bias at pre-
raining, t(39) = .033, p = .97. One-day post-training, the training
roup demonstrated a significantly lower Spider Bias than the con-
rol group, t(39) = 2.30, p = .027, d = .74. Moreover, one-tailed t-tests
evealed that the pre- to 1-day post-training change in attentional
ias was nonsignificant for the control group, t(20) = 1.08, p = .147,
nd significant for the training group, t(19) = 1.77, p = .047, d = .44.

To explore whether the training effects persisted to 1-week
ost-training, we conducted a 2(Group: training, control) × 2(Time:
re-training, 1-week post-training) mixed ANOVA with Group as
between subjects factor, Time as a repeated measures factor,

nd Spider Bias as the dependent variable. Again, results revealed
marginally significant Group × Time interaction, F(1, 39) = 3.57,
= .066 with no main effect of Group or Time. Again, similar to
ost-training, follow-up analyses revealed that the groups did
ot significantly differ in degree of Spider Bias at pre-training,
(39) = .033, p = .97. One-week post-training, the training group
emonstrated a significantly lower Spider Bias than the control
roup, t(39) = 2.17, p = .036, d = .70. In contrast to our previous find-
ngs, however, one-tailed t-tests revealed that the pre- to 1-week
ost-training change in attentional bias was significant for the con-
rol group, t(20) = 1.78, p = .045, d = .39, but not for the training
roup, t(19) = .903, p = .189. Examination of the mean Spider Bias
cores reveals that the Spider Bias of the control group significantly
ncreased from pre-training to 1-week post-training, whereas the
pider Bias of the training group was still reduced but not sig-
ificantly so. Fig. 1 presents mean Spider Bias for each group at
re-training, post-training, 1-day post-training, and 1-week post-
raining.

.2.2. Visual analogue scale
To assess for immediate changes in mood, anxiety and alert-

ess as a result of the training or control procedures, we conducted
2(Group: training, control) × 2(Time: pre-training, post-training)
ixed ANOVA for each of the 10 dimensions of the VAS with Group

s a between subjects factor, Time as a repeated measures factor
nd VAS score as the dependent variable. There were no significant
ime × Group interactions for any of the 10 dimensions. All par-
icipants became significantly less relaxed (F(1, 39) = 8.47, p = .006,
= .71), more tense (F(1, 39) = 10.18, p = .003, d = .73), less happy

F(1, 39) = 34.22, p < .001, d = 1.03), less awake (F(1, 39) = 28.67,
< .001, d = .90), more tired (F(1, 39) = 16.41, p < .001, d = .74), less
alm (F(1, 39) = 5.42, p = .025, d = .49), more afraid (F(1, 39) = 7.09,
= .011, d = .50), less attentive (F(1, 39) = 31.50, p < .001, d = 1.29),
nd more bored (F(1, 39) = 81.96, p < .001, d = 2.28) over the course
f the training or control procedure. Participants experienced no
ignificant changes in their level of sadness.
.2.3. Change in self-reported spider fear, avoidance, and fear in
he presence of a spider

To assess for changes in self-reported fear, we conducted
2(Group: training, control) × 2(Time: pre-training, 1-day post-
Disorders 24 (2010) 657–662

training/control procedure) ANOVA scores with Group as a between
subjects factor, Time as a repeated measures factor and SPQ
score as the dependent variable. This analysis was repeated with
BAT score, as well as fear ratings during the BAT, as the depen-
dent variables. To adjust for the fact that many participants
approached the spider more closely on the BAT on each subse-
quent assessment and so may report higher maximum levels of
fear overall, we analyzed the fear ratings at the Visit 3 and 4
BAT for the step on the baseline BAT at which the participant
stopped. So, for example, if a participant stopped at level 5 at
baseline, we examined their fear rating for level 5 at Visit 3 and
4.

Both the training and control groups declined in self-reported
spider fear, avoidance, and fear during the BAT over the course
of the experiment (SPQ: F(1, 39) = 11.25, p = .002, d = .37; BAT:
F(1, 39) = 29.03, p < .001, d = .42; BAT fear: F(1, 36) = 4.77, p < .036,
d = .34). There was no significant Group × Time interaction for any
of these measures. Thus, although both groups experienced symp-
tom improvement over the course of the experiment, the attention
training was not associated with significantly greater improvement
than that experienced by the control group. A similar pattern of
results emerged at 1-week post-training. Both groups declined in
self-reported spider fear, avoidance, and fear during the BAT over
the course of the experiment (SPQ: F(1, 39) = 9.31, p = .004, d = .44;
BAT: F(1, 39) = 24.03, p < .001, d = .55; BAT fear: F(1, 37) = 14.78,
p < .001, d = .55). As before, there was no significant Group × Time
interaction for any of these measures.

3.2.4. Relationship between degree of reduction in attentional
bias for spiders and symptom reduction

To obtain an index representing the degree of change in spider
bias, we computed the following:

Pre-training Spider Bias − Post-training Spider Bias

Positive scores on this index indicated a reduction in attentional
bias for spiders. We then correlated this index with the amount of
change in SPQ score, BAT score, and BAT fear, 1-day post-training
for the training and control groups separately. As expected, no
significant correlations emerged for the control group. Degree of
reduction in spider bias between pre- and post-training was signif-
icantly correlated with reduction in self-reported fear on the SPQ
from pre- to post-training for the training group, r(18) = .55, p = .01.
Degree of reduction in spider bias between pre- and post-training
was not significantly correlated with reduction in avoidance, or fear
during the BAT from pre- to post-training for the training group.

To explore durability of this relationship, we next correlated
the degree of reduction in attentional bias for spiders from pre-
training to 1-day post-training with the amount of change in SPQ
score, BAT score, and BAT fear, from pre-training to 1-week post-
training for the training and control groups separately. In this case,
degree of reduction in spider bias between pre- and 1-day post-
training was significantly negatively correlated with reduction in
avoidance from pre- to 1-week post-training for the control group,
r(19) = −.49, p = .03. No other correlations were significant for the
control group. For the training group, degree of reduction in spider
bias between pre- and 1-day post-training was again significantly
correlated with reduction in self-reported fear on the SPQ from

pre- to 1-week post-training, r(18) = .54, p = .01. As before, degree
of reduction in spider bias between pre- and 1-day post-training
was not significantly correlated with reduction in avoidance or fear
during the BAT from pre- to 1-week post-training for the training
group.
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Fig. 1. Mean attentional bias for spiders for the training and control groups o

. Discussion

Results show that attentional biases for spiders in spider-fearful
ndividuals can, indeed, be experimentally reduced. Moreover, this
eduction was sustained 1-day post-training. That modification of
ttention generalized to the bird-spider pairs, suggests that the
ttention training procedure may be training individuals to disen-
age attention from spiders rather than to attend to cows. Although
ttentional capture and disengagement cannot be conclusively
eased apart with the probe discrimination paradigm, it is unlikely
hat participants learned to attend to cows and then applied this
ule to birds. It is more likely that the participants learned to dis-
ngage attention from the spider and so applied this rule to the
piders in the spider–bird pair.

That we are training individuals to avoid spiders appears to
e at odds with the aim of traditional behavior therapy: reduce
voidance and encourage exposure to the feared stimulus. How-
ver, spider-fearful individuals have a vigilance–avoidance pattern
f attention such that relative to non-fearful individuals they ini-
ially locate spiders faster, but subsequently divert their attention
rom the spider (Mogg & Bradley, 2006; Pflugshaupt et al., 2005).
his early vigilance may serve to heighten anxiety whereas the later
voidance maintains the fear. Attentional training may be a means
f modifying the initial vigilant response, whereas traditional expo-
ure therapy targets the later avoidance. In this way, the two
reatment strategies could be complementary rather than contra-
ictory. Also, photographs of spiders have relatively low absolute
hreat value, and so attentional avoidance of such mild threats

ay be adaptive. Low-trait anxious individuals have demonstrated
his pattern of attentional avoidance of mild threats (Bradley,

ogg, Falla, and Hamilton (1998); Mackintosh & Mathews, 2003;
acLeod et al., 1986), which may serve as a means of regulating
ood (Mogg & Bradley, 1998).
It is curious that the control group demonstrated a significant

ncrease in their attentional bias for spiders 1-week post-training.
hat this occurred in the context of declines in self-reported fear
nd avoidance is also puzzling. The reason for this pattern is unclear.
ne possibility is that participants with pre-existing attentional

iases, who undergo the control procedure, gain further practice
ttending to spiders. That is, the repetitive, brief presentation of
he spider photographs during the control procedure provides fur-
her experience for them to exercise and thus strengthen their
re-existing bias. Yet the behavioral tests provide traditional expo-
e course of the experiment. Error bars signify the standard error of the mean.

sure to their feared animal, thereby reducing self-reported fear and
avoidance.

Reduction in attentional bias did not reduce symptoms more in
the training group than in the control group. Both groups showed
significant declines in self-reported fear, avoidance, and fear in the
presence of a spider. This is perhaps not surprising given that both
the treatment and the control groups were exposed to a live taran-
tula and many photographs of spiders, and exposure is integral
to traditional behavior therapy for spider phobia. However, that
the degree of reduction in attentional bias for spiders in the train-
ing group correlated with the degree of reduction in self-reported
fear suggests that the attentional training may have exerted some
influence over symptom reduction. It is possible that reduction
in attentional bias for threat was insufficiently robust to produce
symptom reduction greater than that produced by exposure to a
live spider and spider photographs alone.

It could also be, however, that attention training is not an effec-
tive intervention for spider fear. The benefits of attention training
have been most apparent for anxiety problems that are far less
stimulus-bound than spider phobia. GAD and generalized social
phobia are characterized by repetitive, distressing cognition at least
as much as by fear of specific, discrete stimuli. By contrast, most
spider-fearful people remain untroubled by their fear unless they
encounter their feared object. Hence, it remains to be seen whether
reducing attentional biases for threat in stimulus-driven anxiety
disorders results in symptomatic improvements as it does in dis-
orders characterized by ruminative cognition. Although the results
of our study were therapeutically disappointing, they may point to
potential boundary conditions for attention training. Either atten-
tion training is unsuitable for stimulus-driven phobias or training
must be strengthened.

We recruited high-fearful individuals rather than clinically pho-
bic individuals for this study. Thus, caution in generalizing these
findings to a clinical population is warranted. Nevertheless, 18 of
our 41 participants scored in the 95th percentile on the SPQ, thereby
implying clinically severe levels of fear.

In future studies researchers should attempt to enhance the
strength and durability of the training. Our data suggest that a

small rebound in spider bias occurred by 1-week post-training
for the training group. Phobic individuals have shown more effi-
cient and durable reductions in fear after distributed rather than
massed exposure to a phobic stimulus in traditional exposure ther-
apy (Ramsay, Barends, Breuker, & Kruseman, 1966; Rowe & Craske,
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998). Therefore, it would be useful to test whether the training
ay be more powerful when administered in a distributed manner.

onsolidation of gains in reduction of spider fear might also occur
f participants received d-cycloserine prior to attentional training
McNally, 2007). Although this drug possesses no anxiolytic prop-
rties, it enhances exposure therapy for acrophobia (Ressler et al.,
004).

It would also be interesting to examine the effects of explicit
nstruction on attention training. Thus far, researchers have not
nformed participants of the contingency between the probe and
he neutral stimuli during the training. At the conclusion of the
resent study, we asked participants in the training condition
hether they noticed any pattern during the training. Data were
issing for 3 participants. Of the remaining 17 participants, eight

ould correctly identify that the letter always replaced the cow
hotographs. Nine participants reported not noticing any pattern.
oth groups experienced an approximately 35 ms mean reduction

n Spider Bias across the training suggesting that awareness is not
ecessary for the training to be effective but it remains to be seen
hether direct instruction could enhance the effect of training.

Although effective treatments for specific phobias exist, the
mplementation of these treatments requires a trained clinician.
f a computer-administered treatment was effective it could per-
aps be used to augment traditional behavior therapies and thereby
educe the number of sessions required for treatment. Also, if effec-
ive, the procedure lends itself to use through the Internet which
ould allow individuals to experience a reduction in fear without

he assistance of trained clinician.
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