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Social anxiety disorder (SAD) and attentional bias are theoretically connected in cognitive behavioral therapeutic
models. In fact, there is an emerging field focusing on modifying attentional bias as a stand-alone treatment.
However, it is unclear to what degree these attentional biases are present before commencing treatment. The
purpose of this study was to measure pre-treatment attentional bias in 153 participants diagnosed with SAD
using a home-based Internet version of the dot-probe paradigm. Results showed no significant correlation for at-
tentional bias (towards or away from negative words or faces) and the self-rated version of the Liebowitz Social
Anxiety Scale (LSAS-SR). However, two positive correlationswere found for the secondarymeasures Generalized
Anxiety Disorder 7 (GAD-7) and Patient Health Questionnaire 9 (PHQ-9). These indicated that those with elevat-
ed levels of anxiety and depression had a higher bias towards negative faces in neutral–negative and positive–
negative valence combinations, respectively. The unreliability of the dot-probe paradigm and home-based Inter-
net delivery are discussed to explain the lack of correlations between LSAS-SR and attentional bias. Changes to
the dot-probe task are suggested that could improve reliability.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Typically, the visual-attention system is selectively biased towards
stimuli of biological importance, such as cues of threat (predators, dan-
gerous individuals) and reward (food, mates) (Frewen et al., 2008).
These attentional processes are considered to have a fundamental role
to play in the maintenance of social anxiety (SAD) and other anxiety
disorders (Bar-Haim et al., 2007). The understanding that attentional
processes may be modified using attention bias modification (ABM)
training (MacLeod et al., 2002) with a commensurate reduction in
clinical presentation of anxiety (Amir et al., 2009; Schmidt et al., 2009)
has generated strong interest in the area (Kuckertz and Amir, 2015).

Cognitive models of SAD tend to specify a two-stage theory of atten-
tional bias, an initial automatic threat-detection system that orients an
individual in response to danger, followed by a conscious, voluntary
system that can maintain or override attention (Cisler and Koster,
2010). In accordance with cognitive models, those with SAD will tend
to bias attention not only towards biological risks but also threatening
social information, such as negative facial expressions of nearby individ-
uals, or internal emotional and physical disequilibrium, such as the
shaking of their own hands (Boettcher et al., 2013a). Persistent negative
tment of Psychology, SE-106 91
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and distorted views of social situationsmay reinforce an attentional bias
towards threats (Beck and Clark, 1997).

Attentional bias can bemeasured using thedot-probe task, by timing
the responses of subjects to threatening, neutral and positive images
(normally faces) or words displayed on a screen. A typical example of
this task has subjects shown two words or images for a short period of
time (e.g., 500 ms), after which one of two possible probes appear
behind one of the images. Typically the probe is the letter E or F, or
one or two dots. The subject must identify the location and differentiate
the probe type and then respond by pressing the corresponding button
on a mouse or keyboard. Probe placements are balanced between neu-
tral, negative and positive images orwords andmean-reaction times for
stimuli of each emotional valence are compared to the other. Attention-
al bias towards threat (hypervigilance) is determined when response
times are shorter to probes placed behind threatening stimuli as
compared to neutral or positive stimuli. This would indicate that
the subject was drawn to the threatening over the neutral or positive.
The opposite result (attentional avoidance) would indicate a subjects
turning away from negative stimuli.

Alternative tasks for measuring attentional bias have included the
modified Stroop, which compares response times to color identification
of threatening and neutral words (Andersson et al., 2006); the spatial
cueing task in which rectangles on either side of a fixation point are
illuminated with a neutral or threatening image, after which a target
is presented and subject response time measured; or the visual search
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Characteristics of the included participants.

Ν Total Age

% Mean SD

Male 34 22.1 34.39 12.37
Female 119 77.9 34.89 12.88
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task, forwhich participants are asked to identify a threatening or neutral
word within a matrix of rows and columns of the opposite valence
(Cisler and Koster, 2010). For example, theword cancermay be embed-
ded in a 5 × 5 matrix of distracting neutral words such as table or vice-
versa. The dot-probe task was developed to overcome limitations of the
modified Stroop task (Bar-Haim et al., 2007) and has become the most
common experimental paradigm used, with hundreds of studies to
date (Price et al., 2014).

According to a meta-analysis by Bar-Haim et al. (2007), the atten-
tional bias effect is quite prevalent in anxious populations at amoderate
effect size (d = 0.45). Studies using the dot-probe task have identified
both hypervigilance and attentional avoidance at various stimuli
presentation times. Boettcher et al. (2013a) have reviewed the
evidence. Hypervigilance at 500 ms is currently understood to be the
predominant form of attentional bias in individuals with anxiety
disorders (Asmundson and Stein, 1994; Musa et al., 2003; Mogg and
Bradley, 2002; Helfinstein et al., 2008; Klumpp and Amir, 2009;
Mogg et al., 2004). Fewer studies have identified hypervigilance at
very fast presentation times of b200 ms (Mueller et al., 2009;
Vassilopoulos, 2005; Roberts et al., 2010), while longer presentation
times (N1000 ms) have not been successful at identifying hypervigi-
lance (Asmundson and Stein, 1994; Musa et al., 2003; Mogg et al.,
2004; Helfinstein et al., 2008). A few studies have identified attention-
al avoidance at 500 ms (Chen et al., 2002; Vassilopoulos, 2005).
Supplementary verification using eye-tracking studies have verified
both hypervigilance (Schofield et al., 2012; Wieser et al., 2009) and
attentional avoidance (Wieser et al., 2009; Mühlberger et al., 2008).
There has also been success identifying attentional bias using the
modified Stroop task (Linnman et al., 2006), visual search (Juth
et al., 2005), and spatial cueing tasks (Bar-Haim et al., 2007).

Multiple experimental paradigms showing evidence of attentional
bias reduce the chance that it is merely an artifact of a particular
paradigm (Cisler and Koster, 2010). Nevertheless, some studies have
shown no attentional bias effect at similar time periods (Mohlman
et al., 2013; Waters et al., 2004). The results are particularly poor for
Internet-based studies (Boettcher et al., 2013a). The sometimes conflict-
ing results for both attentional bias and the reduction of anxiety during
ABM training (Hakamata et al., 2010; Hallion and Ruscio, 2011;
Andersson et al., 2005) have led some to refer to ABM as “the emperor's
new clothes” (Emmelkamp, 2012). Others such as Clarke et al. (2014),
have drawn the conclusion that further experimentation and “scrutiny
into the precise task conditions andmodes of delivery” (p. 4) are needed.

Certain presentations of the dot-probe task have shown stronger
effects than others. Two meta-analyses have suggested that using top
and bottom placement of images has better results than placing images
side-to-side (Hakamata et al., 2010; Beard et al., 2012). Results have
tended to bemore reliable when the dot-probe has a bottom placement
rather than a top placement as subjects might preferentially reference
the top image regardless of its valence (Price et al., 2014). Dot-probe
studies that presented words rather than faces have shown stronger ef-
fects, despite the suggestion that it is less ecologically valid (Hakamata
et al., 2010; Beard et al., 2012). The type of facial stimuli (cf.,
Samuelsson et al., 2012) used may also be a factor. Boettcher et al.
(2012) in a program delivered online at home, failed to find attentional
biaswhile carrying outmethodologies similar to those that found strong
effects (Amir et al., 2009; Schmidt et al., 2009), but using different facial
stimuli.

Altering attentional bias towards threatening stimuli using ABM
training has resulted in success reducing clinically significant anxiety
and created strong interest in the area. A recent review by Kuckertz
and Amir (2015) identified 231 studies via PsychINFO using the search
terms “attention bias modification” OR “attention training” OR “atten-
tion modification,” with over half in the last 3 years. However, while
ABM treatment appears promising, the reliability of measuring atten-
tional bias in Internet administered studies has proven problematic
and requires further exploration (Kuckertz and Amir, 2015).
2. The present study

The purpose of this study was to measure attentional bias towards
threatening, neutral and positive images or words using an Internet
administered dot-probe task and to identify to what degree this bias
correlated with a variety of outcome measures. Subjects in the study
were all diagnosed with SAD as identified by the Liebowitz Social
Anxiety Scale or LSAS-SR (Liebowitz, 1987). Outcome measures includ-
ed the Quality of Life Inventory scale (QOLI; Frisch et al., 1992), themini
Social Phobia Inventory (Mini-SPIN; Connor et al., 2001), the General
Anxiety Disorder scale (GAD-7; Spitzer et al., 2006), and the Patient
Health Questionnaire scale (PHQ-9; Kroenke et al., 2001).
3. Method

3.1. Participants

Before commencing an online treatment for SAD, and in exchange
for a cinema ticket, a total of 209 participants were invited to complete
within 4 days an online version of the dot-probe paradigm (see
Boettcher et al., 2013b). A total of 49 (23.45%) participants were exclud-
ed for not completing the attentional bias assessment and 6 (2.87%)
were excluded for not noting their age. In addition, 1 (0.48%) person
was excluded due to low certainty of bias measurement as a result of
too many errors and slow response time (29.16% certainty). Thus a
total of 153 participants were included in the analysis, with an average
age of 34.80 years (SD = 12.72). The gender and age breakdown of
participants is described in Table 1.

The following inclusion criteria were applied to participants: 1. min-
imum age of eighteen, 2. have fulfilled SAD diagnostic criteria according
to DSM-IV (APA, 2000), 3. no suicidal ideation, 4. at time of bias mea-
surement scoring, participant had higher than 75% correct response
rate, 5. free of psychological treatment three months prior to inclusion,
6. if the participant was on prescribed medication for anxiety/depres-
sion, prescription had to be constant for 3 months before start of
study, 7. must have access to the Internet and computer, and 8. be a
Swedish resident. Participants that were either receiving psychological
treatment, received medication (for at least the last three months), or
were diagnosed as having a high suicide risk were excluded. High sui-
cide risk was understood as scoring over two or three on the relevant
question on the PHQ-9 scale.
3.2. Apparatus and material

The self-rated version of the Liebowitz Social Anxiety Scale (LSAS-
SR; Liebowitz, 1987; Baker et al., 2002) is one of the most commonly
used measuring tools for SAD and has been shown to be both reliable
and valid (Heimberg et al., 1999). The scale provides a list of various
situations and the possibility to rate that situation in fear and avoidance.
Each fear and avoidance measurement is graded from 0 to 3. LSAS-SR
has shown excellent internal consistency, high convergent and high dis-
criminant validity as well as good test–retest reliability (Fresco et al.,
2001) even when administered on the Internet (Hedman et al., 2010).
A cut-off score over 30 is often used to denote the existence of SAD in
a patient (Mennin et al., 2002).
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The Quality of Life Inventory (QOLI; Frisch et al., 1992) has a total of
thirty-two questions covering sixteen areas of life. Defined as a domain-
based measuring tool (Frisch 2004), it calculates quality of life and
requires that an individual report their perception of life satisfaction,
not prevalence of symptoms. It is written in a simple language and
takes approximately 5 min to complete. It covers several different
important areas including: overall health, economic situation, socializa-
tion/network, leisure activity, and relationships (Lindner et al., 2013).
The respondent rates their perception of satisfaction (from 0 denoting
not at all important to 2 denoting extremely important) which is com-
bined with an answer regarding their satisfaction with the relevant
question (−3 denoting very dissatisfied to 3 denoting very satisfied).
The score used is a composite of the overall satisfaction of the individual
in the inspected areas of life measured by the scale. Previous studies
(Carlbring et al., 2007) have shown Cronbach's alpha fluctuating from
0.77 to 0.89 and test–retest reliability of r = 0.80–0.91, which is consid-
ered high.

The General Anxiety Disorder 7 Item Scale (GAD-7; Spitzer et al.,
2006) is a self-report scale used to screen general anxiety disorder.
Spitzer et al. (2006) have shown that GAD-7 is a valid instrument for
screening of general anxiety disorder, with good internal consistency
(Cronbach's alpha = 0.92). When the sum score of the questionnaire
is gathered any score higher than 8 suggests the presence of an anxiety
disorder in the participant (Löwe et al., 2008). The GAD-7 has been
shown to correlate with disability measures as well as specific anxiety
in a study demonstrating the validity of the scale (Ruiz et al., 2011).

The PatientHealth Questionnaire 9 (PHQ-9; Kroenke et al., 2001) is a
tool that focuses on a depression related understanding of health, using
the definition of depression from the DSM-IV. It is considered a valid
tool in the context of clinical application (Spitzer et al., 2006), has
good psychometric properties when administered online (Titov et al.,
2011), and is considered to have good internal reliability (Cronbach's
alpha = 0.89), test–retest reliability, and good validity for screening of
depression in the general population (Martin et al., 2006). A score of
under 4 is considered minimal depression, a score of 5–9 is mild, and
from 10 on the categories are moderate, moderately severe (15–19),
and severe (20–27) (Kroenke et al., 2001).

A mini version of the Social Phobia Inventory (Mini-SPIN; Connor
et al., 2001) contains three questions with answers ranging from 1 (not
true at all) to 5 (very true). It is based on the 17-item self-administered
Social Phobia Inventory (SPIN; Connor et al., 2000). Mini-SPIN has
been shown to be an efficient tool in diagnosing the presence of gener-
alized SAD and has also been demonstrated to have good validity as a
screening tool for SAD (De Lima Osório et al., 2007). A cut-off score of
6 is used to identify generalized SAD (Connor et al., 2001). Measure-
ments of Cronbach's alpha were performed for all completed question-
naires and results are shown in Table 2.
3.3. The dot-probe task

Theflash based programpresented a blankwhite screen (#FFFFFF) in
full screen mode for 500 ms, followed by a black fixation cross (+) pre-
sented for 500 ms. After the cross disappears, two stimuli were present-
ed as vertically cascaded (one on top of the other) for 500 ms. The
stimuliwere either a pair ofwords or a pair of faces. In eachpresentation,
Table 2
Summarization of the questionnaire results for the entire sample (n = 153).

LSAS-SR Mini-SPIN GAD-7 PHQ-9 QOLI

Average score 75.34 8.72 8.22 8.808 0.46
(SD) (19.18) (2.44) (4.72) (4.93) (9.23)
Cronbach's alpha 0.92 0.72 0.86 0.87 0.75

Note: LSAS-SR = Liebowitz Social Anxiety Scale; Mini-SPIN = Social Phobia Inventory
mini-version; GAD-7 = General Anxiety Disorder 7; QOLI = Quality of Life Inventory.
one stimulus had a different emotional valence than the other, and
when faces were presented the person pictured was the same. Stimuli
presentations were balanced between three different possible combi-
nations: a positive–neutral, positive–negative, or neutral–negative
combination. After the stimuli disappeared, a probe appeared 1 ms
later either in the position of the upper or the lower previously
displayed stimulus. The probe was a left (b) or right arrow (N) in Arial
size 16, black font color, and remained printed on the screen until the
equivalent key was pressed. The participant was instructed to press
the relevant arrow on the keyboard as fast as possible while simulta-
neously avoiding errors. Following a response, the white screen was
shown for 500 ms after which the black fixation cross reappeared for
500 ms and then the process began again (see Fig. 1). Issues relating
to screen resolution and distance are discussed later in the text. The
stimuli consisted of 62male faces and 62 female ones expressing either
happiness as positive, neutral as neutral, or disgust as negative. There
are 333 social phobia related words available for display with 111 for
each of the positive, neutral and negative categories. An example of a
negative valence word might include “embarrassment.” Additional in-
formation concerning word and face stimuli, as well as the dot-probe
task design, can be found in the study protocol (Boettcher et al., 2013b).

Measurement of reaction time to the dot-probe stimulus was con-
ducted over 96 trials. However, prior to this measurement period
there was an initial 10 trial test run that was used to check participant
understanding of instructions. During this test run participants were
given written feedback after completing each dot-probe response
i.e., “correct” or “wrong.” This written feedback lasted for 500 ms after
which thewhite screen reappeared and then the next test automatically
commenced. The stimuli used during this test-period were unique and
did not appear again during the following 96 trials. They only depicted
faces that show surprise (identical top and bottom) and neutral words
(also identical top and bottom). Participants were required to answer
10 test-trials correctly in a row before automatically proceeding to the
96 trial period.

3.4. Procedure

This study uses participants gathered as part of a twelve-month
long randomized-controlled trial at Stockholm University called Chal-
lenger. Approval for this studywas provided by the regional ethical re-
view board and informed consent was given. Participants from the
ongoing study (n= 209), already diagnosed with SAD by way of a
semi-structured telephone interview, were invited to participate in
this attention bias trial and received a link to the online surveys.
When these questionnaireswere completed, an additional linkwas pre-
sented that redirected him/her to another website where the attention
bias measuring program is hosted. The participant was informed that
the program only functions on computers and that tablets/phones are
to be avoided for proper software functionality. The participant an-
swered three further questions relating to social phobia (Mini-SPIN)
and then the flash based software commenced, beginning with the 10
trial period and following with the 96 trial period in which reaction
time measurements were recorded.

3.5. Data processing

All analysis was done in IBM SPSS Statistics 22. For each of the
various questionnaires a variable was created that summarized the
total score of each participant's answers. Using SPSS Syntax the atten-
tional bias was calculated from reaction times of each participant. First
the bias measuring software measured reaction times towards more
positive cues and towards more negative cues respectively, then the
reaction times for the various combinations of either neutral/negative/
positive words or faces i.e., neutral–negative, neutral–positive, nega-
tive–positive combinations, were carried out. When these reaction



Fig. 1. Presentation of the attention bias measuring process.

Fig. 2. Distribution of normality for attention bias measurements (milliseconds).
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times were measured, times that were either equal or shorter than
200 ms, as well as times equal and over 2000 ms were excluded.

To generate a combined measure of attentional bias (relative bias),
reaction times to any of the three types of stimuli (positive, negative,
and neutral) were given a negative or positive number relative to
their opposing stimuli. In a display of positive and negative images or
words, attention to the former would be calculated as a positive score
and the later a negative. In the neutral–negative, attention to the neutral
would receive a positive score, and the negative display, a negative
score. Finally, in the neutral–positive display, attention to the neutral
would receive a negative score, and the positive, a positive. A combined
measurement was created, consisting of a sum of all positive and all
negative scores for both image and word categories. Bivariate correla-
tions (Pearson correlations) were calculated for all the variables and
the results from the questionnaires.

4. Results

The average response time to pressing either the right or the left
arrow on the keyboard after presentation of stimuli was 736.08 ms
(SD = 147.66). The normal distribution of the data is demonstrated in
Fig. 2. The reaction time results broken down by the three stimuli
combinations are summarized in Table 3. The results from correlation
analysis for attentional bias to specific stimuli type are displayed in
Table 4. For each of the three valence combinations, attention towards
the positive, neutral or negative stimuli compared to its alternative,
contributed to the calculation of a relative positive or relative negative
attentional bias figure. Measurement of relative positive attentional
bias (n = 82) had an average score of 18.95 ms (SD = 16.42) and the
relative negative attentional bias (n = 71) had an average score of
−17.40 ms (SD = 15.14). The average response time towards more
positive cues, both words and faces, was 732.40 ms (SD = 209.98)
and towards more negative cues was 733.63 ms (SD = 206.02). The
results from the correlation analysis for relative positive and negative
attentional bias are summarized in Table 5.
There was no correlation observed between the LSAS-SR and atten-
tional bias. However, the more general measure of anxiety (GAD-7)
showed a small but significant positive correlation when images in
the neutral–negative combination were shown (r = .18, p = .02)
(Table 4). This indicated that the higher the total score on GAD-7, the
larger the bias was towards the negative stimuli. In addition, a small
but significant positive correlation between the level of depression
(PHQ-9) and negative image bias in the positive–negative combination
was identified (r = .15, p = .04).

Subjects that did not complete the bias assessment task within the
four day window (n = 49), did not note their age (n = 6), or were
excluded for slow response time (n = 1) were not statistically
different from those who participated (n = 153) in respect to level of



Table 3
Reaction times in milliseconds for words or faces in various cue combinations.

Neutral–negative trials Neutral–positive trials Negative–positive trials

Negative cues Neutral cues Neutral cues Positive cues Negative cues Positive cues

Words Average response time 735.51 733.99 728.79 729.74 736.60 733.48
(SD) (207.84) (206.88) (203.16) (202.92) (207.01) (214.06)

Faces Average response time 734.21 733.87 729.03 726.31 732.66 731.61
(SD) (205.11) (202.67) (197.36) (195.01) (200.85) (203.01)
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social anxiety as measured by the LSAS-SR or any other self-report
questionnaire or demographic variable except for age. Non-participants
were slightly older and the difference was significant if adjustment for
multiple comparisons was not made (mean age 38.75 vs. 34.17 years,
SD = 11.93, t(207) = 2.42; p = .016).

5. Discussion

The purpose of this study was to correlate self-report data about
social phobia from the Liebowitz Social Anxiety Scale (LSAS-SR), the
Quality of Life Inventory scale (QOLI), the mini Social Phobia Inventory
(Mini-SPIN), the General Anxiety Disorder scale (GAD-7) and the Pa-
tient Health Questionnaire scale (PHQ-9), from participants diagnosed
with SAD alongside a measurements of their attentional bias.

Contrary to the primary hypothesis, no significant relationship was
found between LSAS-SR results and the combined positive/negative
attentional bias measure. There was also no significant correlation
evident between the combined attentional bias measure and the other
questionnaires. Furthermore, as is often found in Internet-based social
anxiety studies (Boettcher et al., 2013c) the male–female ratio was
uneven potentially limiting generalizability. Positive correlations that
were found were between an attentional bias that was observed when
either neutral–negative or positive–negative image stimuli (faces in
this case) were presented. These attentional biases correlated positively
with levels of anxiety (GAD-7) and symptoms of depression (PHQ-9),
respectively. The positive correlations that were observed are in both
cases biased onlywhen images with a negative valence were presented.
The interpretation of what exactly these positive correlations mean is
presently unclear.

There are at least three possible explanations for these results: either
it is the case that there is no correlation, or the results are a consequence
of the specific data gathered, or the tools used tomeasure it are not up to
the task. A review by Bar-Haim et al. (2007) postulated based on their
findings that "bias is related to a core anxiety component that is com-
mon to all anxiety disorders as well as to nonclinical anxiety" (p. 16).
As demonstrated by Waters et al. (2012), highly anxious children with
SAD were identified as displaying an attentional bias for threatening
faces whereas children with lower anxiety severity showed bias in the
opposite direction. In a sense perhaps, the positive correlation with
the GAD-7 could be explained alongside these conclusions.

Depression is frequently comorbid with anxiety disorders (Lamers
et al., 2011) and identified in anxious individuals in studies of
Table 4
Results from correlation analysis of attentional bias to specific stimuli.

Word bias Image bias Words pos–neu Wor

LSAS-SR Correlation coefficient (r) .130 .068 .046 .0
Significance (p) .110 .402 .570 .4

Mini SPIN Correlation coefficient (r) .120 − .020 .104 .1
Significance (p) .139 .808 .202 .1

GAD 7 Correlation coefficient (r) .045 .097 .072 − .0
Significance (p) .582 .235 .380 .3

PHQ 9 Correlation coefficient (r) − .046 .119 − .118 − .0
Significance (p) .571 .142 .148 .2

Quality of
Life Index

Correlation coefficient (r) − .052 − .037 − .058 .0
Significance (p) .524 .646 .478 .8
attentional bias but rarely is it controlled for (Bar-Haim et al., 2007).
The relationship between attentional bias and depression comorbidity
is equivocal. A review of the area (seeMogg & Bradley, 2005) identified
attentional bias in depressed patients towards negative words during
long stimuli exposure (1000 ms) and to social threat words at shorter
exposures (500 ms), however a number of other studies reviewed
found no evidence for the effect using negativewords and faces. The au-
thors suggest that anxiety anddepression are different in their emotion-
al processing, the former emphasizing threat-related information and
the later self-relevant linguistic material concerning loss and failure. In
this present study, attentional bias was found towards faces in subjects
with comorbid depressive symptoms, rather thanwords, however addi-
tional depression specificmeasureswould be required to compare these
findings to those with clinical depression. These results are closer in
kind to Bar-Haim et al. (2007) that controlled for depression when
assessing the attentional bias effect, and did not discern any difference
between anxious individuals and those with comorbid depressive
symptoms.

There are studies that previously failed to produce positive effects
when Internet-based training for attentional bias was used. One expla-
nation that is offered is that in a laboratory setting the expectation of a
positive result is fostered in the participant which in turn might be a
promoting factor in self-rated improvement (Boettcher et al., 2012;
Neubauer et al., 2013). How clinical researchers recruit participants,
whether at a clinic or online, and expectations regarding the task
(e.g., whether it is a powerful new treatment) may similarly moderate
treatment effects (Enock et al., 2014). This could explain the positive
findings of studies that measured the change in attentional bias in
participants that underwent some form of treatment. Similarly the
lack of correlations between the self-report scales and the Internet-
based attentional bias measurement may be explained by the lack of
laboratory setting and online recruitment in this study. Future studies
may benefit from evaluation of nonspecific factors such as expectations
(Enock et al., 2014) and other moderators that could affect cognitive
bias (Hayes et al., 2010).

It is important to note that one limitation common to all the Inter-
net-based studies that are refereed here, including this study, is the im-
possibility to control for variables such as the distance of the user to the
computer monitor, the resolution and size of themonitor, interruptions
and so forth. Neubauer et al. (2013) mention that the probability to be
interruptedwhen at homewhile participating in various biasmeasuring
tasks is considerably higher thanwhen in a laboratory setting. However,
ds pos–neg Words neu–neg Images pos–neu Images pos–neg Images neu–neg

57 .140 .000 .065 .058
86 .085 .998 .427 .479
08 − .008 − .125 .057 .035
83 .919 .122 .482 .668
76 .099 − .092 .060 .182⁎

48 .221 .257 .462 .024
92 .140 − .107 .159⁎ .139
56 .084 .190 .049 .088
14 − .034 .154 − .124 − .081
66 .677 .057 .126 .317



Table 5
Results from the correlation analysis of relative attentional bias and questionnaires.

LSAS-SR Mini-SPIN GAD-7 PHQ-9 QOLI

Relative positive bias Correlation coefficient (r) .089 .072 .012 .003 .046
Significance
(p)

.424 .523 .913 .976 .682

Relative negative bias Correlation coefficient (r) .138 .095 .169 .180 .075
Significance
(p)

.252 .429 .159 .134 .534
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they report no difference in completion times or error rates from
comparison of laboratory participants and home ones. Their data on
pre-training response times (between 700 and 792 ms) is equivalent
to this study indicating a level of reliability in online reaction time
measurement. Another element of relevance to studies undertaken at
home may be the stimulation level of participants during the dot-
probe or other tasks. Specifically the arousal levels of participants
and how seriously they undertake the task may be lower when at
home compared to when in a laboratory setting or outpatient clinic.
(Boettcher et al., 2012; Neubauer et al., 2013).

The measurement of bias may also be influenced by mood state
(Bar-Haim et al., 2007). Amir et al. (2009) undertook an ABM training
regimewith a pool of 400 students with obsessive–compulsive disorder
and found significant attentional bias effects in an initial block of train-
ing but attenuated effects in the second block. The authors concluded
that habituation of the threatening stimuli may have occurred indicat-
ing the need for emotional affect in order to produce an attentional
bias. Another ABM study required one group of socially anxious
students to undertake an anxiety provoking exposure (such as making
a difficult phone call or walking past a crowded room) prior to atten-
tional bias assessment (Kuckertz et al., 2014). These subjects did not
have statistically different pre-treatment attentional bias, however, fol-
lowing ABM they experienced greater anxiety reduction and reduction
in attentional bias, indicating a possible relationship with emotional ac-
tivation. Some authors who have carried out Internet-based studies
(Boettcher et al., 2012; Carlbring et al., 2012) have suggested that fear
activation is an important component of the attention bias effect being
successfully shown in the laboratory. Bar-Haim et al. (2007) suggests
that this relationshipmay bemediated by an interaction effect between
state anxiety and some aspect of trait anxiety endogenous to the
individual.

Another possible explanation for the lack of correlations in this study
could be related to the dot-probe paradigm. Previous studies making
use of the dot-probe task have questioned its reliability. Price et al.
(2014) provided an array of examples of studies that failed to achieve
positive results using the dot-probe task. These studies had participants
from multiple backgrounds ranging from — among others: healthy
users (Schmukle, 2005; Staugaard, 2009), substance users (Ataya
et al., 2012) and participants with both high and low scores on SAD
scales (Waechter et al., 2014). Only one study (Price et al., 2014), has
evaluated test–retest reliability in a clinically anxious population, find-
ing moderate reliability in the dot-probe task. The study suggests that
repeated assessments (equal to or over five trials) may potentially en-
hance reliability, however, no participant in the present study did the
task over five times. An alternative explanation for lack of relationship
with attentional bias may be low variability in clinical indicators
restricting the possible range of results, particularly when no healthy
control group is available for comparison. In this study, controls were
absent and LSAS-SR scores were high, however standard deviation
was also moderate (19.18) reducing the likelihood of this type of
error. Future studies using a within-group design will benefit from
selecting subjects with a wider range in their primary outcome
measure.

The possibility of using alternative calculations in the dot-probe
paradigm exists as well. Research could revolve around the concept of
disengagement from cues instead of attention towards or away from
threatening stimuli. Evidence indicates that results may vary when dis-
engagement versus attention towards stimuli are compared (Neubauer
et al., 2013).Most calculations of attentional biasmeasure the difference
in reaction time during presentation of neutral/non-neutral stimuli
between: a) threat incongruent trials in which a probe follows the
neutral item and, b) threat congruent trials in which a probe follows
the threatening item. Price et al. (2014) explains that high scores on
this measure may either mean the participant's attention was oriented
more easily to non-neutral stimuli or that disengagement from non-
neutral stimuli was more difficult. Another method suggests that
reaction times be measured between neutral/non-neutral valence
combinations and trials presenting neutral/neutral combinations
(Koster et al., 2004). Price et al. (2014) argue that this alternate method
might address the difficulty with disengagement from non-neutral
stimulus, which is required for the incongruent trial calculation, unlike
neutral/neutral combinations.

Themeasuring of attentional bias via reaction timemay be problem-
atic. Assessing visual and cognitive processing of threatening stimuli ac-
cording to allocation of attention instead of speed of reacting (as
discussed below using eye tracking technology) could offer an alterna-
tive. The problem with reaction time based measurements are their
weakness to irrelevant factors such as the time to select a response or
the delay in registration of a response due to inhibition in pressing the
relevant button (Price et al., 2014). It should be noted that there is no
significant difference in effect size and direction from studies that
used alternatives to the dot-probe task such as the emotional Stroop
task in regard to moderation of bias specificity, despite being thought
to affect alternative cognitive processes, i.e., the dot-probe relates to
spatial–visual attention whereas the Stroop effect relates to threat-
relevant interference (Pergamin-Hight et al., 2014).

Data suggesting low retest-reliability of the dot-probe during
repeated assessments (Schmukle, 2005) has led some researchers to
consider other mechanisms that could confound results. Mogg et al.
(2008) have suggested reaction slowing of some individuals in the
presence of threatening stimuli could be a contributing factor. Reaction
slowing was found to affect highly anxious individuals not low anxious
individuals, with the result that data gathered by self-report in Internet-
based studies might be inadequate (lack sufficient objectivity) to
accurately distinguish these groups. Furthermore, since reliability of
Internet- based attentional bias assessment renders problematic the in-
terpretation of the results, onemight even argue that the failure to dem-
onstrate a correlation between attention bias and SAD or results from
any other scale might be due to failure to assess attention bias correctly.
Future studies should continue to identify challenges to reliability of
Internet-based dot-probe paradigm as previous studies recommend
(Boettcher et al., 2014).

Future studies may want to employ eye tracking as an alternative
to reaction time measurement, as the movement and pattern of gaze
away from and towards stimuli could provide attentional bias data.
Eye tracking could also be used alongside dot-probe paradigms over
the Internet using a computer webcam to provide supplemental
evidence. According to some (Price et al., 2014), even with efforts to
resolve problems with the dot-probe such as issues of repeated mea-
surement, location of dot probe to the bottom and calculation of
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congruent and incongruent reaction times, the dot-probe paradigm
may still remain problematic and its reliability insufficient for psycho-
metric studies. Attentional bias is also understood not to be exclusive
to problems in reaction time or mechanisms of attention; Pergamin-
Hight et al. (2014) add that relationships exist with content themes
unique to the individual and disorder, such as social and physical con-
cerns or trauma related content, which may influence attentional bias
towards threats.

To conclude, no relationship could be determined in this study be-
tween social anxiety and attentional bias. There appears however, to be
a correlation between attentional bias towards negative (threatening)
cues and generalized anxiety and depression; this is in turn explained
by the concept that individuals suffering from anxiety or depression are
prone to orient towards the negative or threatening. The dot-probe para-
digm is not problem free, and if the above concerns are addressed, addi-
tional measures may be needed to ensure a reliable tool, particularly
when completed at home over the Internet. Improvements might lie in
combining itwith othermethods such as eye tracking, for example. Final-
ly, Internet-based detection of attentional bias in individuals with SAD
using the dot-probe task and other technologies may hold potential as a
step towards the detection and treatment of anxiety disorders.
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