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Abstract
Background and Obijectives

Attention Bias Modification (ABM) targets attentidmas (AB) towards threat and is a

potential therapeutic intervention for anxiety. Twerent study investigated whether initial
AB (towards or away from spider images) influendeel effectiveness of ABM in spider
fear.

Methods

AB was assessed with an attentional probe taskstorgsof spider and neutral images
presented simultaneously followed by a probe idespcongruent or spider incongruent
locations. Response time (RT) differences betweeates and neutral trials > 25ms was
considered ‘Bias Toward’ threat. RT difference 25ms was considered ‘Bias Away’ from
threat, and a difference between — 25ms and +25ssconsidered ‘No Bias'. Participants
were categorized into Initial Bias groups using-ABM AB scores calculated at the end of
the study. 66 participants’ (Bias Toward n=27, B\agay n=18, No Bias n=21) were
randomly assigned to ABM-active training designedetduce or eliminate a bias toward
threat and 61 (Bias Toward n=17, Bias Away n=18 B\as n=26) to ABM-control.
Results

ABM-active had the largest impact on those dematisty an initial Bias Towards spider
images in terms of changing AB and reducing Spiekar Vulnerability, with the Bias
Away group experiencing least benefit from ABM. Hoxer, all Initial Bias groups
benefited equally from active ABM in a Stress Task.

Limitations

Participants were high spider fearful but not follgndiagnosed with a specific phobia.
Therefore, results should be confirmed within aichl population.

Conclusions

Individual differences in Initial Bias may be angortant determinant of ABM efficacy.

Keywords: spider phobia, spider fear, attentionas$ bcognitive bias modification,

attentional training, threat detection.



Investigating the Efficacy of Attention Bias Modi&ition in Reducing High Spider Fear:

The Role of Individual Differences in Initial Bias

Cognitive models of psychopathology suggest thgatiee biases in information
processing are a core feature of many anxiety deger Those with clinical anxiety
disorders typically show a selective processing boa threat-relevant information (Cisler
& Koster, 2010; Mathews & MacLeod, 2005) and thergfc interventions, such as
Cognitive Behavioral Therapy (CBT), are assumeadddk by means of correcting biased
information processing (Clark & Beck, 2010). Attientbias (AB) for fear-relevant or
threat-related material is frequently assessed é&gns of an attentional probe task
(MacLeod, Mathews, & Tata, 1986) in which pairdedr-relevant and neutral images are
presented side-by-side for a brief period (typic&D0 milliseconds) followed by a neutral
probe that participants are required to categoApeattention bias index (AB-index) is
then computed by subtracting mean response times) (Rhen probes appear in the
location previously occupied by a fear-relevannsius (e.g., spider image) from mean
RTs on trials in which the probe follows a neustanulus (e.g., butterfly image). A
positive attention bias index (AB-index) indicatebias towards fear-relevant material
while a negative AB-index indicates a bias awayrfifear-relevant stimuli at that
particular time-point. Using this AB-index with stapresentation times (typically 500 ms)
it has been found that a bias towards threat-ratawvaterial (i.e., a positive AB-index) is a
core feature of elevated anxiety across a wideaanfdoth clinical and non-clinical
populations (Bar-Haim, Lamy, Pergamin, BakermanarA¢nberg, & van ljzendoorn,
2007).

Such attentional bias towards fear-relevant stinsubften interpreted as reflecting

vigilance for threat (at a particular time-pointhie a bias away from threat at that time



point represents avoidance of fear-relevant stinkdivever, given that we know little
about the time course of attention biases, whiateiarly a highly dynamic process

(2vielli, Bernstein, & Koster, 2014a), the use logéoretical terms such as “vigilance” and
“avoidance” are potentially misleading. This is &ese both those who show a bias toward
and a bias away from threat may be characterizdddtylevels of vigilance with the

former group having a problem with disengagememtfthreat and the latter having a
problem with strategic avoidance of threat. Thaefee use the terms “bias towards” and
“bias away” throughout this paper rather than grens “vigilant” and “avoidant”.

Different anxiety disorders have quite differem@jéctories and characteristics,
suggesting that a “one size fits all” approach wébard to the nature of information
processing biases may not be warranted. Whiletantain bias for threat at around 500ms
is often assumed to be an important cognitive markéarget in therapy, this may not be
equally true for all anxiety disorders. Spider plaab a good case in point as there is a very
mixed set of empirical results and evidence fohlabias towards and a bias away from
fear-relevant stimuli across different studies.ndgparadigms other than the attentional
probe task, it has been shown that high levelpiokes fear is associated with an enhanced
ability to detect spider-related images (CislegeR& Widner, 2007; Ohman, Flykt &
Esteves, 2001; Reinecke, Rinck & Becker, 2008;p&jgHewig, Heydel, Hecht & Miltner,
2007; Vrijsen, Fleurkens, Nieuwboer & Rinck, 200B)ese fast detection abilities
observed in visual search tasks have been attdliatdhe general concept of hyper-
vigilance, which describes the tendency to conktaiean the environment for signs of
potential threat. While most people are vigilantgotential threat, the prefixyper
indicates that this vigilance is strongly enhanicepghobia and high levels of fear. Using
various paradigms, there is much evidence consigtém the hypothesis that spider phobia

is characterized by a hyper-vigilance for or a @eemgagement with fear-relevant stimuli



(Constantine, McNally & Hornig, 2001; Kindt & Bragsot, 1997; Lavy & van den Hout,
1993; Merckelbach, de Jong, Arntz, & Schouten, 1@838tunji, Sawchuk, Lee, Lohr &
Tolin, 2008; van den Hout, Tenney, Huygens & degJd®97; Watts, McKenna, Sharrock
& Trezise, 1986; Wenzel & Holt, 1999; Wikstrom, ldim Westerlund & Hogman, 2004).
Using the attentional probe task, Mogg and Bra@®®p6) presented pairs of photographs
of spiders and cats for 200ms, 500ms or 2000m&daytoups of individuals reporting

high or low levels of spider fear. They found aipee AB-index (i.e., bias towards spider
images) in the spider fearful grooply in the 200ms exposure condition with no evidence
for AB (either towards or away) at the longer expes. They concluded that high spider
fear is associated with an early vigilance for fedevant stimuli that is not maintained
over time.

In marked contrast to this early bias towards tdanfies, however, several studies
have reported evidence consistent with a bias dweay fear-relevant stimuli in both
generalized social phobia (Chen, Ehlers, Clark, &kll, 2002) and spider phobia
(Hermans, Vansteenwegen & Eelen, 1999; Tolin, Lbbe & Sawchuk, 1999). Tolin et al
(1999), for instance, found that spider phobicwvidlials spent less time viewing spider-
related pictures relative to injection-relevanneutral pictures indicating a bias away from
fear-relevant threat. By directly tracking eye-gasther research has found that high
spider-fearful participants show an initial biag/éwds spider images, followed by a bias
away from these fear-relevant images at later teadperiods (Pflugshaupt, Mosimann,
Van Wartburg et al., 2005; Rinck & Becker, 2006ndk and Becker (2006) reported that
spider fearful participants spent a greater propof time looking at a spider image
during the first 500ms of picture presentation, $§pent less time looking at spiders relative
to control participants during the next 500ms. g$haupt et al (2005) found a similar

pattern in that the speed of the first eye fixato®a spider image was quicker in spider



fearful individuals compared to controls while sedpgent fixations were spatially further
away from spiders in the spider fearful relativeéhe control participants. In a later study,
however, this group (Pflugshaupt, Mosimann, Schetitil., 2007) found a pattern that was
more consistent with a general bias away from spidages in spider fearful participants.

Cavanagh and Davey (2001) using a multidimensiscaing approach proposed
that phobia is associated with two different ABsne towards threat and the other away
from threat — each reflecting the outcome of a gan@eference for both threat and safety
information. This is consistent with cognitive-mational theories (Mogg & Bradley,
1998) that postulate that hyper-vigilance and aaoo& co-occur in phobia in a temporally
ordered manner. In other words, highly spider tdarndividuals are likely to initially
orient towards fear-relevant threat, but then nnpya avoid detailed processing of threat in
an attempt to reduce their anxious mood. This imtEnesting and plausible hypothesis and
to date we still know little about the complex dgmes of these fluctuating patterns of bias
towards and away from threat. What is likely, hoervs that spider phobia is
characterized by a frequent flicking back and fdmftween bias towards and bias away
from threat on a trial-by-trial basis (Zvielli, Bestein, & Koster, 2014b) rather than by a
temporally-ordered bias towards followed by biagg\cf., Mogg & Bradley, 1998)
pattern.

In this context it is very difficult to determinehather an attentional bias for threat (a
positive AB-index) is an appropriate target forrigy in phobic conditions. While AB
towards threat is fairly consistent in high traitxgety (Bar-Haim et al, 2007) this is not the
case in spider or social phobia. This is a paridylpertinent point given the rapid
development oéttention bias modificatio(ABM) techniques designed to alter the habitual
deployment of attention to threat-related informatin high trait anxiety (MacLeod,

Rutherford, Campbell, Ebsworthy & Holker, 2002).60midely used ABM technique



employs a variant of the attentional probe taskfich the location of the probe always
appears in the opposite location to threat - ABNMvac- so that people can be “trained” to
habitually orient their attention away from specifypes of information. The control
condition — ABM-control — typically presents theope equally often following threat-
relevant and neutral stimuli just as in the stad@sdtentional probe task, so that no
particular AB is encouraged and it is not expethed any existing bias would be modified.
This is an excellent control condition in that ekathe same stimuli and responses are
required in ABM-active and ABM-control conditiortbe only difference being in the
contingency between the type of stimulus and tbatlon of the probe. Information
processing models predict that if AB towards thieaeduced or eliminated by means of
ABM then emotional vulnerability should also de@eawhile results of ABM are
generally somewhat mixed (Mogoase, David, & Kos284,4, for recent meta-analysis) it
has been reported that ABM can reduce emotionalevability and reduce symptoms in
both non-clinical and clinical populations (Halli@Ruscio, 2011; MacLeod, Koster &
Fox, 2009; Mogoase et al, 2014, for reviews). Inguatty, the mixed results may be
explained by the relative inefficiency of currerBM interventions to successfully modify
AB in the expected direction. When AB is modifiedtihhe appropriate direction (i.e., a bias
toward threat is reduced, eliminated, or reversieelevidence for reduced emotional
vulnerability is strong (Clark, Notebaert, & Maclce®014).

Just two studies have examined the potential impa&BM on reducing spider fear.
Reese, McNally, Najmi, & Amir (2010) assigned peomporting high spider fear to a
single session of ABM-active or ABM-control and falthat ABM-control (a 50/50
condition in which probes appear equally often rgader-related and neutral stimuli)
resulted in increased AB towards spider imagesenthié ABM-active condition led to a

reduction and a reversal of the bias from AB towdaodAB away from threat. Despite



appropriate changes in AB, however, there was fierdnce in the reduction of spider fear
between active and control ABM (cf., Clarke et24114), leading the authors to conclude
that ABM might not be appropriate for treating sgitear. Interestingly, even though all
participants were spider fearful, they did not sleosignificant bias towards spider images
at baseline. One possibility is that some partitipanay have had a bias towards spider
images while others may have had a bias away fpdesimages at baseline (cf.,
Cavanagh & Davey, 2001). When these groups aragedrtogether, of course, the
impression would be that there is no overall biesent. While speculative, this is one
possible reason why ABM had little impact in theeBe et al (2010) study, as it is not clear
what the effect of training to direct attention aweom fear-relevant material would be on
those who already have a bias away from this nadteri

In another study, Van Bockstaele, Verschuere, Kp$ibboel, De Houwer, &
Crombez (2011) assigned unselected participardgher ‘attend spiders’ or ‘avoid
spiders’ ABM conditions. At baseline, both groupswed a small bias away from spider-
related images, which reverted to a strong biasitdsvspider-related images following
‘attend’ training, whereas the ‘avoid’ training gppshowed a larger bias away from spider
images following training. As in the Reese et @1@) study, however, changes in AB had
little impact on self-report and physiological indiors of fear.

Thus, two studies have shown that it is possibladdify attention biases in spider
fearful individuals but that the resulting changebias have little impact on indices of
spider fear. This is not what we would expect framinformation-processing model
(Clarke et al, 2014), which would predict that apasiin bias toward threat would result in
reduced fear vulnerability. It may be that spidearfis not as affected by biases in attention
as seems to be the case in other anxiety disokesnatively, very substantive shifts in

bias might required to change spider fear vulnétglgiven the evidence that it takes



longer to extinguish conditioned fear responsesv/tdutionary ancient stimuli — like
spiders -relative to positive or neutral stimulgie Ohman & Mineka, 2001). Thus,
traditional ABM training may be insufficient to necke this type of fearful vulnerability.
What further complicates the issue, however, isethdence that spider fear is associated
with two types of AB — one towards fear-relevanett and the other away from fear-
relevant threat. This means that typical ABM-actianing (i.e., to avoid threat) may not
be appropriate for all participants (e.g., those #iready show a bias away from threat).
Before drawing the conclusion that ABM procedunesiaeffective for the treatment of
spider fear, therefore, we believe that it is int@ot to investigate ABM with a larger
sample size allowing for comparison of subsetsanfigipants with either a bias toward
fear-relevant images or a bias away from fear-ggle¥mages to determine whether ABM
is differentially effective for these subgroupstbat terms of modifying bias and in
modifying indices of spider fear vulnerability.

The first question that arises is how to determwhether a participant has a bias
toward or a bias away from threat as no standaghinale of AB has been determined as
an indication of clear bias. In a comprehensiveuf the dynamic nature of AB to threat,
it has been shown that, a consistent AB towardsaths not typical of high trait-anxious
individuals. While 34% of high trait-anxious paipants did show a consistent AB towards
a range of different threat categories (e.g., af@ggs, aggressive dogs), 20.8% showed a
bias away from all categories of threat, and 34%w&d a bias towards some categories of
threat and a bias away from others (Zvielli ek8ll4a). In a careful analysis, Zvielli et al
(2014a) concluded that an AB-index >25ms is thetrappropriate and conservative
criterion to use as evidence for AB towards thezat an AB-index < -25ms is an
appropriate criterion to indicate an AB away frdmetat. An AB-index between -25ms and

+25ms was considered to be the most appropridexion to indicate no bias. In a



comparison of different cut-off criteria their datiaowed that the -25ms and +25 ms criteria
maximized the prevalence of bias toward and biasyaub-groups. Therefore, we

followed the criteria recommended by Zvielli e{(2014a) to ensure that we would have
reasonable sample sizes in each of our Initial Brasps: Bias Toward, Bias Away, and

No Bias.

While studies investigating AB using the attentigpr@be task in relation to trait-
anxiety have typically used a presentation timé@ff ms (Bar-Haim et al, 2007; Zvielli et
al, 2014a) we used a shorter presentation tim®@fi2s. This was because previous
studies have failed to find evidence for eitheshi@vard or bias away from fear-relevant
threat in spider phobia at presentation times lotiggn 200ms (Mogg & Bradley, 2006). In
our own pilot studies, we found that most spiderfid individuals typically showed a
pattern of either bias towards or bias away frordespmages at 200ms, while the pattern
of AB with 500ms was inconsistent and largely ingigant.

The primary aim of the current study was to detaemwhether the efficacy of ABM
on a) spider-related AB and b) subjective fear grability would be influenced by the
direction of the initial bias (Bias Toward, Bias Aw No Bias) demonstrated by spider
fearful participants. We should note that the dicecand magnitude of initial bias in the
pre-ABM task was not determined until the end ef $hkudy when the data were prepared
for analysis. Developing a better understandingloéther initial bias makes a difference to
the efficacy of ABM is an important first step ingiring that the most appropriate
interventions are designed and used therapeutiaatlypersonalized for the particular

individual.



METHOD

Participants

The Spider Phobia Questionnaire (SPQ: Klorman, ikigst Weerts, Melamed &
Lang, 1974) was completed by around 350 studertedtniversity of Essex and those
scoring above 8 - considered to be indicative ghlgpider fea(Klorman et al., 1974
were invited to participat®nce participants gave informed consent, they naardomly
assigned to either ‘active’ attentional training3(-Active: n = 70) or to a control
condition (ABM-Control: n = 70). Nine participarfeled to attend the first session and
four were excluded because they were aware ofdheaand purpose of the ABM study
having completed a similar study in another labus[i127 participants (102 female/ 25
male) between the ages of 18 and 55 years tookrptne research with 66 in the ABM-

Active and 61 in the ABM-Control condition.

Apparatus and Stimulil

Forty-eight photographs of spiders and forty-ejgbtographs of mushrooms were
downloaded from the Internet and converted to gaate for use in the attentional probe
and the ABM tasks. The size of the spider or musimravithin the frame was matched
across all pictures. Each picture measured 3.5ychdm and subtended a visual angle of
6° x 8° at a viewing distance of 57 cm with theteef each picture being 5 cm from
fixation. Targets consisted of 2 dots either vait(c) or horizontal (..) in orientation

measuring 0.5 cm in length that appeared 5 cm frententral fixation.

A further 20 photographs of fear-relevant thredatesl images (pictures of spiders

& spider bites) were used in the Stress Task. Wnene separated into two sets of 10 and

10



were rated as being highly threatening in a pitatlg by a sample of 20 undergraduate
students. There was no difference in threat-raliatyveen the two sets of pictures on a

scale of 1-9 (mean = 7.8 and 8.1 for set 1 an@,s&tspectively, t(19) < 1).

Stimuli were presented on a 17-inch monitor witresolution of 768 x 1024 and
connected to a Power Macintosh G3 computer runflegScope software to display
stimuli and record reaction times in millisecon@lken, MacWhinney, Flatt & Provost,
1993). Button-press responses to the attentiomdlepand ABM procedures were recorded
on a USB- based RB-834 response pad with a builinmer that allowed data to be
collected with 1- millisecond accuracy. Physiol@gisignals were recorded with an Omron
705CP-1l (HEM- 759-E2) monitor that allowed wellalibrated measures of systolic and

diastolic blood pressure (mmHg) as well as avereget-rate (bpm).

Measures Jand Tasks

Spider Phobia Questionnaire (SPQ): The SPQ is a standardized 31-item true/false
guestionnaire that is well established as a radiabld valid instrument for the assessment

of spider fear (Klorman et al, 1974).

Trait Anxiety (STAI): The trait-anxiety form of the Spielberger Trait&t Anxiety
Inventory is a well-validated 20-item questionnalexveloped to measure dispositional
trait-anxiety (Spielberger, Gorsuch, Lushene, Vagdacobs, 1983). Participants score
each item on a 4-point Likert type scale and thal score ranges from 20 (very low trait-

anxiety) to 80 (very high trait-anxiety).

Depression (BDI-11): The Beck Depression Inventory-11 (Beck, Steer, &\8n,
1996) is a well-validated 21-item questionnaird firavides a measure of depression

severity. Participants score each item on a 4-fokdrt type scale and total scores of 0-13

11



are considered to be within the minimal range, 94e€flects mild depression, 20-28,

moderate depression, while scores from 29-63 arsidered severe.

Spider Fear Vulnerability: Immediately before and after ABM (ABM-Active and
ABM-Control) participants were asked to imaginevagdly as they could being in the
presence of a spider and to indicate their feelorgevovisual analogue (VABscales
along the dimensions of “anxiety” and “discomfdoty placing an X on a 100 mm line
ranging from O (not at all) to 100 (extremely). Base these dimensions yielded similar
results the scores were combined and averageavidpra “Fear Vulnerability” score for
statistical analysis. Pilot testing with 20 highdsgy fearful individuals demonstrated a
strong relationship between the magnitude of gatvekin conductance elevation and of
fear vulnerability on the VAS scale, (r (19) = .4 .001) when observing images of
spiders, relative to mushrooms, indicating that gimple measure is a good indicator of

fearful reactivity to spider-related threat in fedindividuals.

Stress Score: A series of 10 highly threatening spider- relatadges were
presented in high resolution on a large computeresc Each image was presented for 20
seconds and participants rated each photogragnmstof how stressed and uncomfortable
the photograph made them feel on a scale from tlarall stressful/uncomfortable) to 9
(extremely stressful/uncomfortable). Thus, thelttttress” score ranged from 10 (no
distress) to 90 (extremely distressed). A pilotlgt(n = 20) confirmed that this task
induced significant discomfort, as measured by Isathjective report and physiological
response, in those with a high fear of spiders.ifstance, a strong positive correlation
was found between degree of skin conductance @evand the stress score (r (19) = .86,

p <.001).

12



Blood Pressure’: Both systolic (SBP) and diastolic (DPB) blood ste® was
measured in mmHg immediately after the ‘stress {@&le above) both before and after

ABM (ABM-Active and ABM-Control).

Heart Rate: The average heart rate in beats per minute (bpams)racorded
immediately after the ‘stress task’ both before afidr ABM (ABM-Active and ABM-

Control).

Attentional Probe Task: The pre-ABM probe task consisted of 128 trialkveeed
in two blocks of 64 trials each. Each trial begathwNext Trial” at the centre of the
screen for 500ms, and participants were told tagdbeir gaze upon this. Fixation was
immediately followed by two pictures, a spider @whushroom picture, one above fixation
and the other below, with each picture type appgaggually often in each location. The
pictures were replaced, after 200ms by a targetapmy in the location of one of the
pictures. Half the time the target appeared intdpdocation, and the other half in the
bottom location. Half the time the target was homnial and the other half of the time it was
vertical and response mapping was counterbalarmedsaparticipants. If the participant
made a mistake a 50 Mhz tone was sounded as fdedblowed by the next trial. Across
the 128 trials, 64 contained a target appearirtgadocation of the mushroom pictures
while 64 contained a target appearing in the locatif the spider pictures. These
experimental trials were preceded by 18 practiedstto ensure that participants
understood the task. 32 spider images and 32 maishimages were randomly selected to

be included in the pre-ABM (and ABM) sessions aadheof these images was presented

! Physiological measures (blood pressure and hat}-were taken for a larger study
looking into physiological baseline measures dfedént clinical conditions and are not
directly relevant for present purposes. As a matténterest, we did analyze whether any
differential changes occurred on these measurkswiolg the different ABM training
conditions and found no significant effects. Theref physiological measures will not be
discussed any further.

13



twice during the pre-ABM session.

The post ABM attentional probe task was identicalept that half the trials
contained pictures that had been presented duremgBM session (ABM-Active and
ABM-Control), while the other half involved 32 neuictures (16 spider images and 16
mushroom images) not used in the ABM phase. Thssirexa that we could assess whether

the effects of the ABM training generalized (neansfer) to a new set of similar images.

Attention Bias Modification Active Training Condition (ABM-Active): The ABM-
Active procedure consisted of the attentional priais&, as described above, that was
modified to facilitate the development of an ati@mal bias to avoid fear-relevant images.
As before, each trial contained a photograph qfidges and a mushroom, but this time the
probe always appeared in the location of the mwshrionage (i.e., in the opposite location
to the spider image). The same 16 spider and 16mos images as used in the pre-ABM
attentional probe task were used and each wastegp@dimes during the ABM session.
Participants completed 576 trials in total, whickrevdelivered in 9 blocks of 64 trials

each.

Attention Bias Modification No-Training Control Condition (ABM-Control): The
ABM-Control procedure was identical to the ABM-aetiprocedure except that now the
probe appeared equally often in the location prestpoccupied by the mushroom and
spider pictures. This 50:50 control procedure wasenpected to modify or induce any

underlying biases.

Procedure’]

Participants were randomly assigned to ABM-Activéd8M-Control groups and

neither participants nor the experimenter was awhvehich condition the participant had

14



been assigned to until after the experiment. Fotigvinformed consent each participant
completed the STAI trait anxiety scale and the BDFhere were three phases: (1) In the
pre-ABM phase, an Omron cuff was attached to tfieaten to record heart-rate and blood
pressure. Participants completed the Stress TakkKAB scales, following which the arm
cuff was removed. The attentional probe task was ttompleted to measure initial biases
in attention towards spider and mushroom targ2js=éch participant then completed a
single session of ABM (active or control). (3) Tinast-ABM probe task was then
presented to measure any changes in attentiorsafdiawing each of the ABM conditions
(ABM-Active and ABM-Control). The Omron cuff was aig placed on the left arm
followed by the Stress Task (with a different seihmages) and VAS scales. Finally,
participants were debriefed and either paid £5wrgcourse credit for their participation

in the study.

RESULTS

Data Preparation

Calculation of Initial Attentional Bias Index (AB-index)

We computed attentional bias prior to ABM by sabting mean Response Time
(RT) of spider congruent image trials from the mBanof spider incongruent image trials
for each participant. To classify each participsupt'e-training AB-index as reflecting
either No AB, AB Towards or AB Away from spider auee operationalized a
conservative criterion value as outlined by Zvietlial (2014a). Specifically, we defined an
AB-index > 25ms as the criterion for AB Towardsdsiimages and an AB-index < -
25ms as the criterion for AB Away from spider imagdo Bias was defined as AB-index

> -25msand AB-index < 25ms (i.e., an AB-index between — 25nd + 25ms).

15



Data Reduction

All trials with incorrect responses (2.9% of pasd post ABM trials) and RT
outliers (i.e. RTs < 200 ms or > 2000 ms (3.8%refand post-ABM trials), were

excluded.
Calculation of Attentional Bias (AB)

In accordance with the traditional computatiorsafple-level AB, we calculated
the direction, magnitude and statistical signifioaof AB for spider-related images. Prior
to the ABM session, mean RTs for the entire samle just 4ms faster on spider
congruent (644ms) relative to spider incongrueds(ss) trials, t (126) — 1.1, p < .14,
Cohen’s d = 0.0% demonstrating no overall AB towards spider imadzsvever, the RT
difference between congruent and incongruent t(RBsindex) ranged from -105ms up to
+96ms. There were no correlations between pre-ABBAiIRdex scores and scores on the
SPQ (r =.004, p <.967), pre-ABM Stress Score .33, p < .250) and pre-ABM Spider
Fear Vulnerability ratings (r = .102, p < .254). fliother explore whether AB prior to
ABM might be associated in a non-linear (V-shapedy around the zero point (i.e., no
difference between spider congruent and incongruigthd) we conducted two separate
correlations between SPQ scores and AB-index fusdlwith a positive AB-index ( > +
1ms) and those with a negative AB-index (< -1msitiher correlation reached
significance (r(71) = -.01 and r(56) = -.14, redpedy). Interestingly, Trait Anxiety did
correlate with the magnitude of both a positive lBex (r(71) = .33, p <.01) and a

negative AB-index (r(56) = - .26, p < .05).

% Note that Cohen’s d was calculated using the pbeégiance as the denominator for all
repeated measures comparisons (Cohen, 1988).
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Classification of Initial Attentional Bias Groups

Initial bias groups were determined based on tBamilex of > 25ms and < - 25ms
criterion cut-offs at the pre-ABM session and ttagculation was made after all testing had
been completed when data was being prepared foysemaParticipants expressed the
following patterns of attention bias in the pre-ABssion: a) 35% of participants (n=44)
demonstrated AB Towards spider-related images88Zn=36) demonstrated AB Away
from spider-related images; and c¢) 37% of participdn=47) demonstrated No Bias either
towards, or away, from spider-related images. Taldhows that anxiety and depression-

related variables did not differ among the thregahbias groups.

I mpact of ABM as a Function of Initial AB Groups on Changein Attention Bias

The distribution of participants with differentréctions of initial bias did not differ
across the ABM-active (AB Towards n=27, AB Away B8:No Bias n=21) and ABM-
control (AB Towards n=17, AB Away n=18, No Bias 3Zonditions, Chi-Squared =
2.61, p =.271. A pre-ABM bias index was computgdbbtracting mean Response Time
(RT) of spider congruent image trials from the mBanof spider incongruent image trials
for each participant for each initial bias groupelinary analyses of the post-ABM AB-
index demonstrated that the pattern of resultssiagar for both old and new items on the
post-ABM attentional probe task. Therefore, to dyrgnalysis, post-ABM attentional bias
scores for new and old items were combined sine@d#ttern of results did not differ
between these items. The bias scores on thesewenmnsscombined to make a single post-
ABM AB-index by subtracting mean RTs of (old andwapider congruent image trials
from the mean RTs of (old and new) spider incongrumage trials for each participant. A
pre-to-post AB change score was also computed lyastiing post-ABM AB-index scores

from pre-ABM AB-index scores to evaluate the magghit of change in AB from before to
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after ABM.

The AB indices for each Initial Bias group as adiion of ABM before and after a
single session of ABM (active or control) are shawirigure 1. A 2 (ABM Group: ABM-
active, ABM-control) X 3 (Initial Bias: AB Toward#B Away, No Bias) X 2 (Session:
Pre-ABM, Post ABM) ANOVA was conducted with the ABdex as the dependent
variable. There were main effects for ABM Groug(1E.21) = 16.7, p < .000, partigf =
.122, and Initial Bias, F(2,121) = 69.9, p < .0pAartialn® = .536, as well as an ABM
Group X Session interaction, F(1,121) = 31.0, P&, partiah? =.204, which was
subsumed within a 3-way interaction between ABMug,dSession and Initial Bias, F(2,
121) = 3.07, p < .05, partigf = .048. This interaction was confirmed by an AB¥bGp X
Initial Bias interaction, F(2, 121) = 3.1, p < .@&rtialn? = .048, using the pre-to-post AB

change score as the dependent variable.

To further explore the nature of this interactiom tL-way ANOVAS were
computed with Initial Bias (AB Towards, AB Away, NRias) as a between-subjects factor
and the pre-to-post AB change score as the depewdeable for each ABM Group. There
were main effects of Initial Bias for both ABM-aati, F(2, 65) = 64.5, p < .001, partigd
= .672 and ABM-control groups, F(2, 60) = 37.6, [D&1, partiah? = .565). A series of
planned t-tests revealed greater changes in ABBNlActive relative to ABM-control
conditions for the AB Toward (t(42) = 5,4, p < .Q@ohen’s d = 7.5) and No Bias (t(45) =
2.5, p <.02, Cohen’s d = 3.27) groups, with néetdlénce in the AB Away (t(34) = 1.9, p <
.07, Cohen’s d = 2.96) group. Another way of logkat the data is to examine the number
of participants from each Initial Bias group whowved to another bias group using the
same criterion for the post-ABM AB-index (i.e., Bidioward = > +25ms; Bias Away = < -

25ms; No Bias = > -25ms to < + 25 ms). These da&a@own in Figure 2 and demonstrate
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that the Bias Toward group had the largest numbpauicipants shifting bias category

following ABM-active training.

I mpact of ABM as a Function of the Different I nitial AB Groups on Emotional reactivity

The impact of the initial bias on the degree ofrdein emotional reactivity to fear-
relevant images was assessed by means of comparfogmance on the ‘Stress Task’ and
on the VAS ‘Spider Fear Vulnerability’ ratings whenagining being in the presence of a

live spider for each of the ABM training groups&skables 2 and 3 for mean scores).

I mpact of ABM on Change on the Stress Task

A 2 (ABM Group: ABM-active, ABM-placebo) X 3 (Inil Bias: AB Towards, AB
Away, no bias) X 2 (Session: Pre-ABM, Post ABM) AM® demonstrated main effects of
ABM Group, F(1, 121) = 26.2, p < .00, partigf = .178, and Session, F(1, 121) = 50.3, p <
.000, partiah? = .294. There was an ABM Group X Session inteoagtF(1, 121) = 43.9,

p < .00, partiah? = .266, which was not further qualified by theeyqf Initial Bias for the
‘Stress Task’. This was confirmed by analysis @f pine-to-post Stress Task change score
as the dependent variable, F(2, 60) = 37.6, p &, partialn® = .565). As shown in Table

2, the level of stress decreased following ABMaaetraining but not following ABM-

control for all Initial Bias groups.

| mpact of ABM on Changein Spider Fear Vulnerability

A 2 (ABM Group: ABM-active, ABM-placebo) X 3 (Inil Bias: AB Towards, AB
Away, no bias) X 2 (Session: Pre-ABM, Post ABM) AM® demonstrated main effects of
ABM Group, F(1, 121) = 16.1, p < .00, partigf = .118, and Initial Bias F(2,121) = 3.9, p

< .024, partiah? = .060. There was an ABM Group X Session intecactF(1, 121) = 6.3,
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p < .000, partiah? = .049, which was further qualified by the typdnifial Bias, F(2,121)
=15.1, p < .000, parti@® = .200. This interaction was confirmed by an AB¥bGp X

Initial Bias interaction, F(2, 121) = 15.1, p < 1)®artialn® = .200, using the pre-to-post
change in spider fear vulnerability score as thgeddent variable. See Table 3 for detailed

statistics.

To further explore the nature of this interactio tL-way ANOVAS were
computed with Initial Bias (AB towards, AB away, Wias) as a between-subjects factor
and the pre-to-post change in fear vulnerabilityres as the dependent variable for each
ABM Group. There was a main effect of Initial Bias the ABM-active, F(2, 65) = 16.9, p
< .001, partiah? = .349 but not the ABM-control group, F(2, 60) 2,20 < .122, partia)®
=.015). A series of planned t-tests revealed atgreeduction in fear vulnerability in the
ABM-active relative to ABM-control condition for 6hAB Toward (t(42) = -5.1, p < .001,
Cohen’s d = -1.63) group. However, for the AB Awgapup there was a significant
increasein fear vulnerability following active relative tmwntrol ABM, (t(34) = 3.5, p <
.001, Cohen’s d = 1.19), group with no differemrcéhe No Bias (t(45) < 1, p < .48,

Cohen’s d = -0.235) group.
Predictors of Post ABM Stress and Spider Fear Vulnerability

Two regression analyses were computed in ordeetiermine whether ABM
Group; SPQ scores, and the pre-to-post AB chargpligted the degree of change in Stress
and Spider Fear Vulnerability ratings followingiagle session of ABM. These three
variables were entered into the regression inedforder as predictors. For post-ABM
Stress ratings as the outcome measure, the ovegadlssion equation was significant,
Adjusted B = .251, R Change = .268, F Change (3, 123) = 15.0, p < .Ub&.only

predictor that was significantly related to Strestings was ABM Group (B = 14.9, Beta =
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.51, p <.001, partial correlation = .484). Partiafrelations between the outcome measure
(change in stress ratings) and SPQ scores (r 3 @f#lbias change scores (r=-.032) were
not significant. A similar regression was run wiibst-ABM Spider Fear Vulnerability
ratings as the outcome variable with the same thregdictors. The overall regression
equation was significant, Adjusted R .137, R Change = .157, F Change (3, 123) = 7.6, p
<.001. The only predictor that was significan®#ated to change in Fear Vulnerability
was change in bias (B=-.079, Beta = -.310, p <,.p@ttial correlation = -.301). Partial
correlations between the outcome measure (charfgaimvulnerability ratings) and SPQ

scores (r = -.14) and ABM group (r=.134)) were sighificant.
DISCUSSION

A single session of ABM-active training resultecaisignificant change in AB for
all the Initial Bias groups. This change was siigaifitly greater in the active ABM
condition relative to the control ABM condition ftre Bias Toward and the No Bias
groups, but not for the Bias Away group (see FigyreABM-active also resulted in a
marked decrease in ratings on our Stress Tashlfimiteaal Bias groups with no decrease
following a session of ABM-control. The nature bétinitial AB expressed had little
impact on the effectiveness of ABM-active on redgcstress ratings. However, a
reduction in Spider Fear Vulnerability following AMBactive only occurred for the initial
Bias Toward group with an increase in Fear Vulnditalvatings following ABM-control
for this group. ABM-active actually led to an inaee in Fear Vulnerability in those who
initially expressed a Bias Away from spider imagBsus, while stress ratings did decrease
following ABM-active in this group, the ratings spider fear vulnerability actually
increased to a significant extent following a sessf ABM-active, relative to ABM-

control. Interestingly, a regression analysis destrated that the magnitude of change in
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fear vulnerability following ABM was predicted blg¢ magnitude of change in AB from
before to after ABM supporting the assumption dbimation processing models of

emotion vulnerability (Clarke et al, 2014).

These results add to the only other study using ABM spider fearful individuals
(Reese et al, 2010). Ignoring the direction ofiahibias for the moment, both studies found
a small non-significant pre-training AB towardsdsgaiimages (9 ms and 4 ms,
respectively) that reversed to a bias away follgnaative relative to control ABM. The
results of both studies are also very similar mteof the impact of ABM-active on AB
with significant ABM Group X Session interactiomshboth studies indicating that spider
fearful individuals demonstrate a significantly lemAB for spider threat following ABM-
active relative to ABM-control training. Howevehg pattern of results across the two
studies differed in terms of measures of post-ABbbrh Reese et al (2010) found no
reduction in spider fear in the ABM-active, relaito the ABM-control group and instead
found a general increase in distress across sevistal analogue scales following both
ABM conditions. In contrast, the current study fduhat ABM-active training led to a
significant reduction in the level of stress, adl\as the degree of fear vulnerability relative
to an ABM-control condition. The current study reatirger sample size than the Reese et
al (2010) study (> 60 compared to 20 per group)tardefore there was greater statistical

power to pick up a small to medium effect size.

The more important finding of the present studyyéwer, is the demonstration that
the efficacy of ABM was influenced by the directiohan individual’s initial bias for
threat. Those showing an initial bias towards sprdtated images (as defined by a
conservative criterion of a minimum speeding of 8% spider congruent relative to

incongruent trials: Zvielli et al, 2014a) benefithe most from ABM, with a significant
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reduction in AB after active training that was aoganied by a reduction in subjective
feelings of spider fear vulnerability when imagigithnat they were in the presence of a live
spider (paralleling the overall results) as welaagsduction of stress ratings on the Stress
Task. ABM-active training also resulted in a chamgbias for those with no initial bias for
threat (mean differences between spider congrughirecongruent trials were between -
25ms and +25ms) training (either ‘active’ or ‘plaog in that the average post-ABM AB-
index was a bias away from threat of -14ms. Thange in bias was also accompanied by
a reduction in post-ABM stress ratings, but not fednerability ratings. Despite a
significant change in bias in this (and other) giothe mean AB scores following ABM all
fall within the No Bias criterion that we used ttegorize participants into Initial Bias
groups as shown in Figure 1. Figure 2 shows thebeusnof people in each Initial Bias
group that changed from their original categorgnother category following ABM that
was calculated according to the same criterionrd feeno clear statistical test that is
appropriate here but examination of the data detraiesthat only 1 participant in the Bias
Toward group were still categorized as “bias tow&ntlowing active ABM confirming

the findings that ABM was most successful for thagé an initial bias to selectively

attend towards threat.

Interestingly, participants with an initial Biagward spider images who were
exposed to an ABM-control condition showed a reiducin the degree of AB from before
to after ABM training but this was accompanied byrecreasein fear vulnerability when
imagining that they were in the presence of a s@éter training. It is not clear why level
of fear vulnerability increased for this group @olling a session of ABM-control. While
the ABM-control condition is designed not to induoey particular bias because of the
50:50 ratio, it nevertheless is that case thatrggaant’s attention is drawn towards a

location recently occupied by a highly fear-relevstimuli on half of the trials. The ABM-
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active condition, in contrast, draws attention adrayn threat on 100% of trials. This
contingency in the ABM-control condition may haee lto increasing feelings of anxiety
and discomfort. This seems to be a plausible esggilam but is not consistent with the
observed reduction in the degree of AB toward thire¢his group, which according to
information processing models should be associaittda reduction in emotional

reactivity (Clark et al, 2014).

Participants with an initial Bias Away from thresdtbaseline (an average slowing of
more than 25ms on spider congruent relative torigagent trials) were the group that
showed the least benefit form ABM. They showed ceduAB away from spider threat
following ABM-active training along with increaséelels of reported fear vulnerability
when imagining that they were in the presenceggider. It's difficult to explain why
those with an initial Bias Away did not show anremsed AB away from threat following
ABM. There may have been some regression to the mgerating here. Alternatively,
exposing spider-avoidant participants to a comphbésed task involving lots of fear-
relevant images might break down their typicalrdtten bias (a safety AB) thus leading to
increased processing of the feared object andageklncrease in fear vulnerability. We
should note, however, that this group did showdaicgon in stress ratings on the Stress

Task that is difficult to reconcile with this expktion.

In summary, this study indicates that spider fdanfdividuals do not benefit
equally from ABM training. Specifically, differensen initial bias may mask the impact of
ABM interventions in groups with specific fears ahdt the overall non-significant bias of
just 4ms at baseline is misleading. It is posditiée the same pattern would hold for the
Reese et al (2010) data. While they did not examifferent direction of initial bias they

did find a very similar overall pattern of resudis our study in terms of impact on AB
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alongside an increase in anxiety and discomfolbwohg ABM-active — which is the

pattern we found for those who initially expressdiias Away from spider threat. While
obviously speculative, it is possible that thereenee high proportion of participants who
showed a Bias Away from threat in the Reese 2@l () study and this group may have

driven the results in terms of ABM induced incresasedistress following training.

There are a number of limitations to the presamdysthat should be noted. First, we
presented a single session of ABM and it is likbt multiple-sessions are required to
produce stronger and long-lasting therapeutic effémut see Hakamata, Lissek, Bar-Haim,
Britton, Fox, Leibenluft et al, 2010). Second, vesessed the impact of ABM immediately
following training and it will be important for fute research to include longer-term
follow-up assessments. Third, we recruited a subeal group of individuals who reported
high spider fear and therefore caution in gendrajithese results to a clinical population is
warranted. A careful analysis of the direction é-pxisting AB in clinical phobias would
be of particular interest. We know that a bias atvasn threat is common in clinical
phobia (Chen et al, 2002; Pflugshaupt et al, 200 there has been no examination to our
knowledge of the proportion of those who expressdifferent type of biases. Given the
results of Zvielli et al (2014a) showing that higlels of trait-anxiety are associated with a
range of AB (Bias Toward, Bias Away and No Biasjl éime current study showing that
spider fear is also associated with a variety efgxisting biases (Bias Toward, Bias Away
and No Bias) it is important to investigate thisus further in clinical populations. This
becomes a particularly critical research questibemone considers the possibility that
these differences in AB may have an impact on theaey of therapeutic interventions. It
is also important to develop appropriate ways tegarize participants into different Initial
Bias groups in future research. This paper reptesefirst step in this direction. One of the

reviewer’s of this paper suggested using a higliidence threshold of + or -10ms to
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categorize the No Bias group, rather than the m£25< 25ms that we used on the basis of
empirical evidence (Zvielli et al, 2014a). Whilestlis an interesting suggestion, we felt on
balance that it was more appropriate to use ther@ias outlined by Zvielli et al (2014a)

on empirical grounds. We did look at our data witis high confidence criterion and found
that the pattern of results was largely similafwvgbme effects not now reaching
significance probably because of the lower staasppower induced by losing some
participants with this criterion. Future studiesiicbusefully investigate these questions

with the use of such high confidence criteria tted®ine when no bias is being expressed.

There are many challenges to such a research ageht&ast of which is the fact
that the test-retest reliability of the attentiopedbe task is often low (Schmukle, 2005;
Waechter, Nelson, Wright, Hyatt, & Oakman, 2014)i¢ating that the attentional probe
task is not a highly reliable measure of AB. Inaaetul analysis of this issue, it has been
shown that there are a number of approaches thadinehers can take to improve the
reliability of the dot probe in clinical populatisriPrice, Kuckertz, Siegle, Ladouceur, Silk,
Ryan, Dahl, & Amir, 2014). One way forward is tqtare the dynamic nature of AB by
examining AB at the level of individual trials raththan overall means of threat-congruent
and incongruent trials across hundreds of trialsglH, Bernstein, & Koster, 2014b). This
trial-level bias score (TL-BS) is calculated by sabting contiguous pairs of threat-
congruent and threat-incongruent trials in the diath attentional probe task and therefore
provides repeated estimates of AB at the trialllexsgelli et al (2014b) calculated a TL-
BS in a population of spider phobic participantd &und a pattern of highly dynamic
temporal variability ranging from a bias away frepider stimuli to a bias towards spider
stimuli. Importantly, in a follow-up experiment \Wwismoking-related material the split-half
reliability of the new TL-BS measure was found &rbuch higher (r = .31 to .67) than is

typically found with the traditional sample leveBAr = .06: Schmukle, 2005; Waechter et
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al, 2014). The number of trials was too low to comepsplit-half reliability in the spider
phobia sample. Future research is needed to fugtteenine the direction and dynamic
nature of AB to refine a variety of (hopefully) neareliable measures of fear-relevant
biases in attention. The development of more ridiphradigms to assess AB is essential in
order to conduct a detailed investigation of theaet of therapeutic interventions on
clinical symptoms and the role that pre-existingividual differences in AB might play in

efficacy of interventions such as ABM.

With these limitations in mind, our finding that AMBreduced certain aspects of
spider fear, especially for those with a strongahvigilance for spiders, is important as
many people do not seek help for fear of spidedsya this condition can cause significant
distress and interference with daily life. The fdet ABM can be successfully
implemented via the Internet, in a person’s own @¢MacLeod et al., 2007) opens the
possibility that these interventions may be of e helping people deal with a profound
fear of spiders. We conclude that it is too sooodieclude that ABM will not be of benefit
for those with specific phobias. A promising liniefature research would examine whether
initial pre-treatment patterns of AB correlate with predict, therapeutic outcomes
(Pflugshaupt et al, 2007; Schmidt, Richey, Buclk&dimpano, 2009) and this research

agenda will be dependent on the development of mabigble measures of AB.
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Table 1. Scores on the Spider Phobia Question(faiR®), Spielberger Trait Anxiety

Inventory, and Beck Depression Inventory (BDI:l$)afunction of Initial Bias prior to

assignment to attention training condition.

AB Toward AB Away No Bias F (2, 124)

(n=44) (n = 36) (n=47)
SPQ 18.1 (4.7) 18.0(46) 17.8(54) <1
Trait Anxiety 38.3(12.5) 38.9(13.2) 33.4(10.4 2.8, p<.061
BDI:II 6.0 (3.5) 5.3 (2.1) 5.2 (2.6) <1
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Table 2. Mean Scores and Standard Deviations éokets) for the three initial bias groups: AB

Toward, AB Away and No Bias for pre- and post-ABEsassment periods for scores on the

Stress Task for those in the ABM-Active and ABM-ttohgroupsd refers to Cohen’s d values

Pre-ABM Post-ABM Pre to Post Change
AB Towards
ABM-Active 715 (5.2)  53.5(14.1) t(26)=7.4, p<.001, d=1.42
ABM-Control 70.2 (4.7)  69.1(11.3) t(16) <1, p<.66, d=0.11
t(42) <1 t(42 )= -3.8
p<.41 p <.001
d=0.26 d=-1.22
AB Away
ABM-Active 68.3 (7.3)  53.1(15.2) t(17)=4.4, p<.001, d= 1.04
ABM-Control 69.5(5.4)  71.6(15.7) t(17) <1, p<.55, d=0.14
t(34) < 1 t(34)= -3.6
p <.57 p <.001
d=-0.19 d=-1.98
No Bias
ABM-Active 70.7 (6.4)  56.7 (12.2) t(20) = 4.6, p<.001, d=1.01
ABM-Control 70.0 (5.1)  67.3(10.7) t(25)=1.2, p<.22, d=0.24
t(45)< 1 t(45)= -3.2
p <.66 p <.002
d=0.12 =-0.92
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Table 3. Mean Scores and Standard Deviations éokets) for the three initial bias groups: AB

Toward, AB Away and No Bias for pre- and post-ABEsassment periods for scores on the

Anxiety/Discomfort Scale for those in the ABM-Actvand ABM-control groupsl refers to

Cohen’s d values

Pre-ABM Post-ABM Pre to Post Change
AB Towards
ABM-Active 63.1 (11.3) 48.9(9.1) t(26)=5.4, p<.001, d=1.04
ABM-Control 59.7 (11.9) 65.0 (8.1) t(16)=-2.21,p <.001, d= 0.54
t(42) <1 t(42 )= -6.0
p<.87 p <.001
d=0.29 d=-1.90
AB Away
ABM-Active 56.9 (5.7)  62.9(6.9) t(17)=-4.6, p<.001, d= 1.09
ABM-Control 65.0 (8.3)  63.4(6.3) t(17)<1, p<.37,d=0.22
t(34) =-3.4 t(34)<1
p <.002 p <.98
d=-1.1 d=-0.10
No Bias
ABM-Active 54.4 (11.2) 51.5(14.4) t(20)=1.1, p<.288, d=0.24
ABM-Control 60.7 (9.6)  60.7 (12.4) t(25)>1, p<.99, d= 0.0
t(45) - -2.1  t(45)=-2.4
p <.044 p <.022
d=-0.60 d=-0.68
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Figures
Figure 1. Mean AB scores before (pre-ABM) and afperst-ABM) a single session of

ABM for each of the Initial Bias groups (Bias TowaBias Away and No Bias).

Figure 2. Numbers and percentages of participastshiited across ‘Bias Toward’ ‘Bias

Away’ and ‘No Bias’ categories following either a& or control ABM for each of the

Initial Bias groups.
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Highlights:

1.

2.

Attention Bias Modification was administered to a large sample (n=127)
of spider fearful participants.

ABM successfully modified participants’ attention for spider-related
pictures as well as post-ABM subjective fear vulnerability and stress
while thinking about being in the presence of a spider.

Results showed that the efficacy of ABM was influenced by the direction
of the initial bias expressed by participants before training (Bias Toward,
Bias Away, or No Bias). ABM was most effective for those with an initial
Bias Toward spider threat and least effective for those with an initial Bias
Away from spider threat.



