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cial expressions or words. During the modified dot-probe task, two 
stimuli appear on the screen for less than 1000 milliseconds, after 
which a target (letter or symbol) replaces one of the stimuli. The 
participant is asked to respond to the target as quickly and accu-
rately as possible. The trial is named for the type of stimulus being 
replaced by the target (i.e., if a threat stimulus is replaced, the trial 
is a threat trial).

In the literature, three ABM conditions have been tested: at-
tend positive (positive stimulus is more often replaced by a tar-
get), attend threat (negative stimulus is more often replaced by 
a target), and a no-training control (stimulus types are replaced 
by a target with equal probability; Frewen, Dozois, Joanisse, & 
Neufeld, 2008; Klumpp & Amir, 2010). An attention bias, the ten-
dency to attend to a certain type of information over other types 
of information, can be determined by calculating the difference in 
reaction times between threat trials and positive trials (Amir et al., 
2009; Izetelny, 2006). This calculation is most commonly carried 
out using data from an assessment task, which is often a dot-probe 
task similar to the control training (Boettcher et al., 2013; White, 
Suway, Pine, Bar-Haim, & Fox, 2011). 

Individuals with SAD often demonstrate an attention bias to 
threat in these tasks (Bogels & Mansell, 2004). ABM has been de-
veloped in an effort to reduce this attention bias. In the dot-probe 
paradigm, attention bias manifests itself in reaction times. For ex-
ample, if a SAD subject has an attention bias towards threat, the 
subject is, on average, quicker to respond to threat trials than to 
positive trials. This occurs because the subject’s attention is im-
mediately drawn to the threatening stimuli. When the stimulus is 
replaced with an arrow, the subject will then respond more quickly. 

However, previous findings on the subject are mixed, with 
some studies reporting no bias among SAD subjects (Boettcher 
et al., 2013; Bradley et al., 1997) or even a bias away from threat 

INTRODUCTION
Social Anxiety Disorder (SAD) is characterized by excessive 
worry and self-consciousness surrounding social situations due to 
significant discomfort, negative internal evaluations, or anticipated 
embarrassment (American Psychological Association, 2013). SAD 
is a debilitating disorder which leads to significant impairment in 
work and social situations. Annually, about 7% of the population 
meets DSM-V criteria for SAD and it accounts for 10% to 20% 
of people with anxiety disorders in outpatient settings (American 
Psychological Association, 2013; Ruscio et al., 2008). Not surpris-
ingly, treatment for this disorder is in high demand. 

In an effort to reduce anxiety symptoms, attention bias modi-
fication (ABM) has been explored as a potential computer-based 
treatment for SAD designed to alter how people process and pay 
attention to social information (Amir et al., 2008; Heeren, Lievens, 
& Philippot, 2011; Klumpp & Amir, 2010). ABM is a modified 
dot-probe paradigm using affective/emotional stimuli such as fa-
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(Pittig, Pawlikowski, Craske, & Alpers, 2014; Harrison & Turpin, 
2003). This complicates the literature on ABM to date, as indi-
vidual attention bias may interact with ABM tasks to produce in-
consistent results. 

A question in the literature that has not yet been adequately ad-
dressed is how ABM modifies attention bias. Studies have shown 
that it is possible to modify attention bias towards the direction of 
the training (Li, Tan, Qian, & Liu, 2008; Amir et al., 2009; White 
et al., 2011). In contrast, Heeren et al. (2011) and Boettcher et al. 
(2013) report that neither type of ABM, either towards or away 
from threat, was able to modify attention bias. With all of these 
conflicting studies, it is difficult to identify a clear mechanism un-
derlying ABM effects. 

One way to further explore the underlying mechanism of 
ABM is to investigate carry-over effects. Carry-over effect is the 
tendency of one stimulus to have an influence over the evaluation 
of the next stimulus (Nonyane & Theobald, 2007). Two impor-
tant carry-over effects are assimilation and contrast. Assimilation 
occurs when the previous stimulus is congruent with the current 
stimulus (e.g., a threat trial follows another threat trial). Contrast 
occurs when the trials are incongruent (e.g., a threat trial follows 
a positive trial). 

The majority of carry-over effects are studied in the emotional 
Stroop task due to its multiple formats (Holle, Neely, & Heimberg, 
1997; Waters, Sayette, Franken, & Schwartz, 2005). Similar to the 
modified dot-probe task, the emotional Stroop task measures at-
tention through reaction time. One type of Stroop task, blocked, 
involves presenting the same type of stimuli in a series or block 
and represents assimilation carry-over effects. The blocked emo-
tional Stroop task has been linked to attention maintenance (main-
taining focused attention) in SAD and healthy controls through 
assimilation effects (Holle et al., 1997; Jones-Chester, Monsell, & 
Cooper, 1998; Waters and Feyerabend, 2000; Waters et al., 2005). 
The second type of Stroop task, mixed, involves presenting differ-
ent stimulus types in a random order and represents contrast carry-
over effects. The mixed emotional Stroop task has been linked to 
orienting of attention (i.e., initially focusing one’s attention) in 
SAD and healthy controls through contrast effects (Holle et al., 
1997; Jones-Chester et al., 1998; Waters and Feyerabend, 2000; 
Waters et al., 2005). This task may generalize to social experi-
ences, in that a blocked format Stroop task represents a cue-rich 
environment such as a party, while a randomized format Stroop 
task represents a mix of social and non-social cues more similar to 
a single interpersonal interaction (Waters et al., 2005). 

Although the dot-probe task uses a mixed format, assimilation 
and contrast effects may be measured. This is possible because 
carry-over effects may be simplified to a single previous trial rath-
er than multiple previous trials (Aguirre, 2007). Thus, assimilation 
effects in the ABM paradigm occur on congruent trials, where the 
stimulus replaced by the target is the same emotion as the stimulus 
replaced during the previous trial. Contrast effects occur during 
incongruent trials, where the stimulus replaced by the target is dif-
ferent than that replaced in the previous trial. These effects have 

not previously been studied in the ABM paradigm. In addition, 
behavioral biases from carry-over effects are shown to be sensi-
tive to task context, so a generalization between task and stimulus 
may not always be made (Aguirre, 2007). Accordingly carry over 
effects must be studied not only in the Stroop task but in ABM as 
well. 

The purpose of this study was to investigate why ABM alters 
attention bias in some cases but not in others. This research will 
help determine the role of attention bias in the dot-probe paradigm 
and ABM training. It is possible that the modified dot-probe can 
be linked to the two components of attention in the same way as 
the emotional Stroop task, since both tasks contain the same carry-
over effects. Klumpp and Amir (2010) and O’Toole and Dennis 
(2012) were among the first to introduce and test the idea that at-
tention switching/disengaging from threat is the effective com-
ponent of ABM. This same disengagement from threat stimuli in 
those with SAD is key to good performance, faster and more ac-
curate responses, on the Stroop task as well (Cisler, Bacon, & Wil-
liams, 2009). Although blocked and mixed formats only exist in 
the Stroop task, dot-probe tasks simulate these with congruent and 
incongruent trials explained above. Therefore, we examined carry-
over effects during dot-probe assessments, before and after ABM, 
to determine whether carry-over effects were linked to attention 
bias scores. If carry over effects are linked to attention bias scores, 
the proceeding stimulus will affect the current stimulus and reac-
tion times will differ for congruent or incongruent trial sequences 
ending in the same trial type (threat or positive).

METHODS
Participants
Participants (N=85) were recruited using flyers and online adver-
tisements posted at a large university medical center and the sur-
rounding community. Members of the surrounding community 
and patients seeking treatment at the university-affiliated outpa-
tient anxiety clinic responded to the advertisements to express 
their interest in participating. The study protocol was approved 
by the Institutional Review Board at the University of Michi-
gan Medical School. Participants with SAD and healthy controls 
(HC) were recruited through telephone and in-person diagnostic 
screenings with the Mini International Neuropsychiatric Interview 
(MINI; Sheehan et al., 1998), the Liebowitz Social Anxiety Scale 
(LSAS; Liebowitz, 1987), the Social Interaction Anxiety Scale 
(SIAS; Brown, Turvosky, Heimburg, Juster, Brown, & Barlow, 
1997), and the Beck Depression Inventory (BDI-II; Beck, Steer, 
Ball, & Ranieri 1996). A licensed clinical psychologist performed 
all diagnostic assessments. All SAD participants had a current and 
primary SAD diagnosis based on the diagnostic assessment. HC 
were free of current or past diagnosis of Axis I or II disorders. 
All participants were at least 18 years of age and provided written 
informed consent. 

Participants with the following were excluded from the 
study: a) clinically significant medical or neurologic condition; 
b) primary psychiatric disorder other than SAD; c) life history 
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of schizophrenia or bipolar disorder; d) current major depressive 
disorder; e) alcohol/drug abuse or dependence in the past year; f) 
current suicidal ideation; g) presence of an organic mental syn-
drome, mental retardation, or pervasive developmental disorder; 
h) unwilling/unable to sign the informed consent document; and 
i) current psychiatric medication use other than selective serotonin 
reuptake inhibitor (SSRI). SSRI medication at a stable dose for 
three months was permitted in the SAD group. Medications for 
minor conditions that would not directly affect measures related 
to the study (birth control, supplements, etc.) were also permit-
ted. Beta blockers, stimulants, opioids, and other medications with 
known effects on sympathetic/parasympathetic functioning and/or 
attentional processing were not permitted. Current unipolar major 
depression or drug/alcohol abuse/dependence was an exclusion 
criterion for this study, but a past history of these conditions was 
not. Since these conditions are frequently present in SAD partici-
pants, exclusion of such participants would yield a biased and un-
representative sample of the SAD population. 

Procedure  
After written informed consent was obtained, each participant was 
randomly assigned to one of three conditions (attend positive, at-
tend threat, or control). Participants completed all tasks and self-
report measures in the lab with researcher supervision over two 
visits. During the first visit, participants were screened for par-
ticipation criteria and completed all self-report paper measures 
(LSAS, SIAS, BDI). During the second visit, participants complet-
ed three dot-probe tasks, including pre-assessment, ABM training, 
and post-assessment. Although not included in these analyses, 
self-report paper measures were repeated following ABM training.

Attention Bias Assessment 
The attention bias assessment task occurred before and after ABM 
to assess attention bias. The assessment task was a modified dot-
probe task consisting of 94 trials. Participants were presented with 
a fixation cross for 500ms followed by two affective faces, one 
positive (happy) and one negative (angry), for 500ms. After the 
faces disappeared, one face was replaced by an arrow. Partici-
pants were instructed to respond to the direction of the arrow (up 
or down), by pressing the arrow keys on a standard keyboard, as 
“quickly and accurately as possible.” The next trial began after a 
response was made. During this task, the positive and negative 
faces were replaced by the arrow with equal probability (50%). 
Reaction time and accuracy, used to determine the location of the 
participant’s attention, were recorded on each trial. Incorrect trials 
and trials where the reaction time was greater than three standard 
deviations from the mean of each participant were excluded.

Attention Bias Modification (ABM)
Prior to training, the participants were told researchers were testing 
a computer-based attention training program that could alter the 
way people process and pay attention to social information, which 
may help reduce SAD symptoms. ABM followed the same format 
as the assessment task. The only differences between the assess-
ment and ABM was the face replacement ratio and the length. We 

employed three ABM training conditions: attend positive (arrow 
replaced the positive face 80% of the time), attend threat (arrow 
replaced the negative face 80% of the time), and control (both face 
types were replaced with equal probability). Each training session 
consisted of 744 trials. Note that the control ABM training was 
identical to the assessment task, excluding the number of trials, in 
order to control the impact of viewing faces and engaging in the 
task without manipulating attentional direction. All faces used in 
both ABM and the assessments were from the Pictures of Facial 
Affect (Ekman & Friesen, 1976), a widely used standardized face 
set.

Data Analysis
All analyses were conducted with International Business Machines 
Corporation’s (IBM) Statistical Package for the Social Sciences 
(SPSS v. 21). The threshold for significance was set at an alpha 
level of 0.05. Attention bias was calculated by subtracting the av-
erage reaction time on threat trials (arrow replaced the threat face) 
from the average reaction time on positive trials (arrow replaced 
the positive face). To examine carry-over effects, each trial was 
categorized based on not only the current trial but also the trial that 
preceded it. As seen in Figure 1, threat to positive occurred when 
the current trial is a positive trial and was preceded by a threat trial. 

+

4

55

6

Figure 1. ABM training and assessment images. An illustration of the 
AMB training procedures, demonstrating and example of a threat to posi-
tive (incongruent) trial sequence (two trials) starting with screen 1 and 
ending with screen 6.
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A 2 (time; pre-ABM, post-ABM) X 4 (trial type; positive to 
positive, threat to threat, positive to threat, threat to positive) X 2 
(group; HC, SAD) X 3 (ABM condition; toward threat, toward 
positive, control) mixed ANOVA with time and trial type as with-
in-subjects variables and group and condition as between-subjects 
variables was run with reaction time as the dependent variable. 
This analysis examined how the congruence of the arrow replace-
ment on the previous trial affected reaction time on the next trial 
for different face types in HC and SAD. 

To examine initial differences in HC and SAD groups, a t-
test comparing mean pre-ABM bias scores in SAD versus HC 
was conducted. Finally, to determine if attention bias changed as 
a function of group or condition, we conducted a 2 (time; pre-
ABM, post-ABM) X 2 (group; HC, SAD) X 3 (ABM condition; 
attend threat, attend positive, control) mixed ANOVA with time as 
a within-subject variable, group and condition as between-subject 
variables, and attention bias score as the dependent variable.

RESULTS
Self-Report Measures
Participants were similar across condition and group in age 
[F(2,79) = 0.859, p = .428] and gender [F(2,78) = 0.205, p = .815]. 
Participants were also similar within group across ABM condi-
tions on all self-report measures: SIAS [F(2,79) = 0.282, p = .755], 
LSAS [F(2,79) = 2.105, p = .129], and BDI [F(2,79) = 0.142, p 
= .868]. There were significant differences between the HC and 
SAD groups on SIAS [F(1,79) = 356.4, p < .001], LSAS [F(1,79) 
= 365.5, p < .001], and BDI [F(1,79) = 49.76, p < .001], with SAD 
subjects reporting significantly more symptoms on all measures 
than HC. Demographics and self-report measures are summarized 
in Table 1. 

Attention Biases to Affective Faces
Mean biases and standard deviations for all groups and conditions 

are shown in Table 2. The average pre-ABM attention bias was 
0.856ms (standard deviation: 32.7ms) for HC and -6.05ms (stan-
dard deviation: 32.4ms) for SAD. A negative bias indicates a bias 
towards threat, with a score of zero indicating no bias in either di-
rection. One-sample t-tests confirmed that SAD and HC subjects’ 
bias scores did not differ significantly from zero, suggesting no 
attention bias prior to training in either group (p > .05). Attention 
bias did not change as a function of group or condition: no main 
effects or interactions were significant (p > .05). A one-sample t-
test confirmed that SAD and HC subjects’ bias scores did not differ 
significantly from zero after ABM, suggesting no attentional bias 
prior to or after ABM, regardless of condition (p > .05).

The Effect of Carry-Over on Reaction Times
There was a significant effect of time [F(1,77) = 33.41, p < .001] 
but not of trial type [F(3,75) = .378, p = .798] on carry-over effects 
between groups and ABM conditions over time. There was also 
no interaction between time, trial type, and either group [F(3,75) 
= 0.876, p = .457] or condition [F(6,150) = 1.058, p = .391]. This 
demonstrates that participants’ responses became faster through-
out the training independent of trial type, group, or condition. No 
other main effects or interactions were significant (p > .05). 

DISCUSSION 
The purpose of this study was to determine why ABM alters at-
tention bias in some cases but not in others, with specific focus 
on carry-over effects, in an effort to better understand inconsis-
tencies in the ABM literature. To our knowledge, this is the first 
study examining carry-over effects in a modified dot-probe para-
digm. Our findings did not replicate previous reports that ABM 
alters attention bias (Li et al., 2008; Amir et al., 2009; White et 
al., 2011). However, there are numerous possible interpretations 
of these findings, including: 1) congruent and incongruent trials 
are measuring different components of attention; 2) two types of 
SAD biases exist, which impact response to training; and 3) trial 

Attend Positive Attend Threat Control
HC SAD HC SAD HC SAD

n = 13 n = 15 n = 12 n = 15 n = 15 n = 15

% Female 69.2% 66.7% 58.3% 73.3% 71.4% 60.0%
Age 24.2 (3.72) 27.4 (10.1) 25.7 (10.1) 26.3 (6.66) 32.4 (15.3) 28.5 (12.1)
SIAS 9.77 (3.42) 45.3 (10.7) 10.4 (5.16) 48.9 (13.0) 10.8 (5.51) 49.6 (11.2)
LSAS 10.2 (9.25) 63.0 (15.4) 10.9 (9.71) 72.7 (23.9) 11.8 (8.51) 80.5 (13.7)
BDI 2.54 (2.44) 13.1 (8.36) 1.08 (1.32) 10.8 (8.36) 1.47 (1.60) 13.1 (11.0)

Table 1. Group demographics. Mean demograph-
ics and standard deviations (in parentheses) at the 
baseline assessment time point.  A score of >38 on 
the SIAS and >55 on the LSAS indicate clinically 
significant SAD.

Attend Positive Attend Threat Control
HC SAD HC SAD HC SAD

n = 13 n = 15 n = 12 n = 15 n = 15 n = 15

Pre-ABM Bias -5.213 (45.12) -17.45 (31.10) 6.645 (25.37) -9.049 (31.34) 1.483 (25.79) 8.354 (31.23)
Post-ABM Bias -5.145 (14.81) 1.574 (20.26) -4.068 (31.47) -6.458 (18.78) 1.203 (16.07) 2.148 (28.05)

Table 2. ABM attention bias scores. Pre- and 
Post- ABM attention bias scores and standard de-
viations (in parentheses) for all groups and condi-
tions are shown.  Mean biases are in milliseconds 
and a negative bias indicates a bias towards threat.
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order randomization may have impacted carry-over effects. Be-
cause of these possibilities, future studies should consider analyz-
ing congruent and incongruent trials separately, as well as match-
ing individual participants to different training protocols based on 
pre-training bias scores.  

The majority of previous literature reports that participants 
with SAD have an attention bias towards threat, compared to posi-
tive faces, and HC show little to no attention bias either towards or 
away from threat faces (Bogels & Mansell, 2004). This study did 
not support these findings. The results of this study are consistent 
with the findings of Boettcher et al. (2013), who also report that 
SAD subjects’ bias scores did not differ significantly from zero 
and that neither type of ABM, either towards or away from threat, 
was able to modify attention bias. Despite the lack of significant 
ABM effects, we did obtain the expected effect of time, such that 
participants’ responses became faster from pre- to post- training. 
If carry-over effects were detected, we would have expected to see 
differences in the average reaction time for trial types ending in the 
same trial (e.g., threat to positive and positive to positive would 
differ). Since these differences were not present in our data, carry-
over effects were not detected, indicating that carry-over effects 
were not present in this dot-probe paradigm. However, there may 
have been other contributing or conflicting factors.

One possible factor influencing our findings is that congruent 
and incongruent trials measure different components of attention. 
Carry-over effects in the emotional Stroop task allude to these two 
components of attention: orienting (to initially focus one’s atten-
tion) and maintenance (to maintain that focus; Waters et al., 2005). 
Similar to Stroop, it is possible that in the dot-probe task congru-
ent trials measure maintenance of attention, while incongruent tri-
als measure orienting attention. Dot-probe task data from subjects 
who display a bias in one direction should be analyzed in order 
to determine if different components of attention are being mea-
sured. This would also help determine how an initial attention bias 
in SAD affects the outcome of ABM and how initial bias can be 
utilized to improve current treatment. Future studies should aim to 
better understand how different components of attention impact 
performance on the dot-probe task.  

A bias must exist in order to use carry-over effects to elucidate 
whether dot-probe measures two components or one component 
of attention. Because subjects in this study did not initially show 
a bias, their bias was not shifted as a result of ABM (O’Toole & 
Dennis, 2012). Thus, we were not able to further explore relation-
ships between the different components of attention and trial types 
on the dot-probe task. 

It is also possible that two types of SAD biases exist. There 
is some evidence in the literature that SAD subjects can be ei-
ther “attenders” or “avoiders” of threat (O’Toole & Dennis, 2012). 
This means that some subjects with SAD have a bias toward threat 
while others have a bias away from threat. Most studies (Amir et 
al., 2008; White et al., 2011; Heeren et al., 2011) assume that all 
SAD subjects have the same bias. This would explain why some 
studies show a bias while others do not, resulting in significant 

variability within groups and making it difficult to detect effects 
of ABM. In our study, we did not have enough participants to 
properly investigate this theory, but it is possible that individual 
differences in attention bias interact with training type, resulting 
in certain people benefitting more from specific types of training. 
In order to optimize training effects, it is important to consider 
interactions between initial bias and training condition. Heeren et 
al. (2011) and Klumpp and Amir (2010) state that the process of 
disengaging attention may be the mechanism underlying ABM’s 
effectiveness. Therefore, to facilitate the most disengagement, it 
may be important to match initial bias with training condition. An 
attender (someone with a bias towards threat) may benefit most 
from the attention towards positive condition which requires them 
to disengage from the threat face, whereas an avoider (someone 
with a bias away from threat) may benefit most from training to-
wards threat. Separating these two groups and training them dif-
ferently may be the key to providing the ideal treatment for SAD. 

The absence of carry-over effects could also be explained by 
the trial randomization procedure we used in the dot-probe para-
digm, which was intended to eliminate carry-over effects. 

Limitations
When interpreting these findings, there are a number of limitations 
to consider. First, this was a pilot study aiming to investigate ef-
fects of ABM on SAD symptoms. Therefore, the null findings may 
be due to lack of power. Statistical power analysis suggests that our 
sample size of approximately 14 participants per cell yields low to 
moderate power (65%) to detect differences between groups and 
ABM conditions. Another limitation stems from the intervention 
length. Although participants spent about 40 minutes completing 
750 ABM trials, only a single session was completed. To properly 
simulate a future treatment, participants should engage in multiple 
sessions over a longer period of time. It is possible that additional 
sessions are necessary in order to produce alterations in attention 
bias (Li et al., 2008). Finally, a possible motivation limitation ex-
ists. Patients receiving a treatment, compared to paid participants, 
may be more motivated and vigilant during training and thus 
should produce more robust results. In order to ameliorate some of 
these limitations, future studies should aim to further investigate 
the role carry-over effects play in ABM in larger samples with ad-
ditional assessment tools.  

CONCLUSION
SAD is a debilitating disorder which leads to significant impair-
ment in work and social situations. As a result of ongoing research 
in this field, computer-based ABM is a possible alternative to cur-
rent SAD treatments. Although further research is needed to make 
this type of ABM effective, a great deal is being learned about at-
tention and SAD through this paradigm. Ample evidence suggest 
that attention bias plays an integral role in SAD and its treatment 
(Amir et al., 2009; Frewen, Dozois, Joanisse, & Neufeld, 2008). 
Consequently, we can begin manipulating treatment to best serve 
patients. In an effort to further refine computer-based ABM proto-
cols, this study examined carry-over effects as a possible explana-
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tion for inconsistent findings in the existing literature. Based on 
the findings of this and other studies, future studies should con-
sider analyzing congruent and incongruent trials separately as well 
as grouping participants based on pre-training attention bias. Since 
ABM is more cost effective and easier to distribute than any cur-
rent therapy for SAD, it has the potential to relieve many SAD 
patients of their symptoms.  
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