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Abstract
Objective—To examine the efficacy of a multi-session computerized Interpretation Modification
Program (IMP) in the treatment of Generalized Social Anxiety Disorder (GSAD).

Method—The sample comprised 49 individuals meeting diagnostic criteria for GSAD who were
enrolled in a randomized, double-blind placebo-controlled trial comparing IMP (n = 23) to an
Interpretation Control Condition (ICC; n = 26). The interpretation training procedures comprised a
word-sentence association task in which participants decided whether or not a word implying a
threatening or benign meaning was related to an ambiguous social scenario. In the IMP group,
participants were reinforced for interpreting ambiguous social information in a non-threatening
and more benign manner. In the ICC group, participants were reinforced with equal frequency for
interpreting ambiguous social information in either a threatening or benign manner.

Results—Intent-to-treat and completer analyses revealed that IMP significantly decreased threat
interpretations and increased benign interpretations from pre- to post-assessment relative to the
ICC group. Moreover, IMP participants displayed significantly larger reductions in clinician-rated
social anxiety symptoms and functional impairment as well as self-reported trait anxiety and
depression relative to ICC participants. Groups did not differ on change in self-rated social anxiety
symptoms. Participants no longer meeting DSM-IV criteria for GSAD at post-assessment were
65% in IMP and 13% in ICC.

Conclusions—These results suggest that computerized interpretation training procedures may
be beneficial for treating social anxiety disorder.
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Social anxiety disorder; Interpretation; Cognitive Bias Modification; Treatment; Information
Processing

Social Anxiety Disorder (SAD) is a common and disabling condition (e.g., Stein & Stein,
2008) with a lifetime prevalence of 12% (Kessler et al., 2005). Research supports the
efficacy of a number of psychosocial (e.g., Hofmann & Smits, 2008) and pharmacological
treatments for SAD (e.g., Stein & Stein, 2008). Despite their established efficacy, however,
extant treatments leave room for improvement. For example, using conventional treatment
strategies (i.e., cognitive behavioral or pharmacological regimens), only about 50% of
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patients diagnosed with SAD are classified as treatment responders (e.g., Heimberg et al.,
1998; Davidson et al., 2004; see Stein & Stein, 2008 for a review). Moreover, many
individuals diagnosed with SAD fail to access existing empirically supported treatments
(Coles, Turk, Jindra, & Heimberg, 2004; Huppert, Franklin, Foa, & Davidson, 2003; Olfson
et al., 2000). Considered together, these findings underscore the potential value of exploring
novel treatment approaches that may augment existing interventions and/or increase
accessibility to effective treatments for SAD.

Cognitive Bias Modification (CBM) research represents one emerging area of translational
clinical science that shows promise in the development of novel interventions for emotional
disorders (see Beard, 2011; Koster, Fox, & MacLeod, 2009 for recent reviews). CBM
involves the application of experimental procedures used in cognitive science to measure
basic cognitive processes (e.g., attention, interpretation) to manipulate factors involved in
the etiology and maintenance of emotional disorders (Mathews & MacLeod, 2005). Previous
research supports the efficacy of CBM procedures in modifying selective information
processing biases for emotionally salient stimuli (e.g., Grey & Mathews, 2000; MacLeod,
Rutherford, Campbell, Ebsworthy, & Holker, 2002) and conferring differential emotional
vulnerability under conditions of heightened stress (e.g., Amir, Beard, Weber, Bomyea, &
Taylor, 2008). Although promising, the majority of previous studies have examined the
effects of CBM procedures in non-clinical samples, on state measures of anxiety or
depression (rather than symptoms), using brief (e.g., single-session) manipulations.
Moreover, few studies have tested the clinical utility of CBM procedures in the remediation
of clinical disorders and those that have done so, have been restricted to attentional
manipulations (CBM-A; Amir, Beard, Burns, & Bomyea, 2009; Amir, Beard, Taylor et al.,
2009; Schmidt, Richey, Buckner, & Timpano, 2009) or have combined attentional and
interpretation manipulations (Beard, Weisberg, & Amir, in press; Brosan, Hoppitt, Shelfer,
Sillence, & Mackintosh, 2011). Thus, our goal in the present study was to extend previous
CBM research by testing the efficacy of a multi-session computerized procedure designed to
modify interpretation bias alone in individuals meeting diagnostic criteria for generalized
social anxiety disorder (GSAD).

Interpretation bias towards threat refers to the tendency to construe ambiguous information
in an overly threatening manner. Cognitive models of emotional disorders propose that
interpretation bias may be particularly influential in individuals with SAD because social
cues are often ambiguous and therefore open to a range of interpretations (Clark & Wells,
1995; Rapee & Heimberg, 1997). For example, during a social interaction a conversation
partner’s laughter after a comment one makes may indicate ridicule (threat interpretation) or
amusement (benign interpretation). In support of cognitive models, previous studies find that
socially anxious individuals display greater endorsement of threat interpretations compared
to non-anxious controls (e.g., Amir, Foa, & Coles, 1998; Stopa & Clark, 2000; Huppert,
Foa, Furr, Filip, & Mathews, 2003). Moreover, negative interpretation bias has been found
to mediate the relationship between social anxiety and state anxiety in response to social-
evaluative threat (Beard & Amir, 2010). Research also suggests that socially anxious
individuals lack the benign interpretation bias exhibited by non-anxious individuals
(Constans, Penn, Ihen, & Hope, 1999; Hirsch & Mathews, 2000; Moser, Hajcak, Huppert,
Foa, & Simons, 2008).

Numerous studies support the efficacy of CBM procedures in modifying interpretation bias
(CBM-I; see Beard, 2011 for a review). Although methodologies vary across studies, the
basic premise underlying CBM-I procedures involves manipulating the frequency with
which an ambiguous stimulus and a target stimulus that conveys one meaning of the
ambiguous information are paired together. This manipulation is intended to encourage
participants to think of the ambiguous information in either a negative or positive way. For
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example, in their seminal study, Grey and Mathews (2000) used homographs (i.e., words
with multiple meanings, e.g., ‘mean’ can imply ‘average’ or ‘nasty’), to modify
interpretations in non-anxious individuals. In one experiment, participants saw homographs
followed by target words implying a threatening (‘nasty’) or benign (‘average’) meaning of
the homograph (‘mean’). Participants decided whether or not the two words were related.
When tested later with new homographs, participants in the threat condition were faster to
respond to threat interpretations in a lexical decision task. Similarly, participants in the
benign condition were faster to respond to benign interpretations.

Subsequent extensions of this research in non-anxious (e.g., Mathews & Mackintosh, 2000;
Wilson, MacLeod, Mathews, & Rutherford, 2006) and high anxious samples (e.g., Hayes,
Hirsch, Krebs & Mathews, 2010) have demonstrated that experimentally manipulating
interpretation of ambiguous information can causally influence anxiety and related outcomes
(e.g., negative thought intrusions) in response to laboratory-induced stress (see, however,
Salemink, E., van den Hout, M., & Kindt, 2007). More relevant to the current study, in a
sample of individuals with elevated levels of social anxiety, participants who received a
single-session benign interpretation induction procedure reported experiencing less
anticipatory anxiety about a future social situation relative to the control group (Murphy,
Hirsch, Mathews, Smith, & Clark, 2007). To our knowledge, four published studies have
examined the effects of multi-session computerized interpretation training programs in
reducing anxiety symptoms. First, in a sample of individuals with high levels of trait
anxiety, Mathews, Ridgeway, Cook, and Yiend (2007) demonstrated that a four-session
interpretation training procedure (administered over one week) that encouraged participants
to resolve ambiguous scenarios in a positive manner resulted in significantly lower trait
anxiety scores at post-assessment relative to a control group who did not receive the training
procedure. Similarly, Salemink, van den Hout, and Kindt (2009) found that high trait
anxious students who completed a positive interpretation training program online for eight
consecutive days were less state and trait anxious, and scored lower on a measure of general
psychopathology compared to the control group. However, no effects were observed on
measures of social anxiety and stress vulnerability.

Most relevant to the current study, Beard and Amir (2008) examined the effects of an eight-
session interpretation training program in an analogue sample of 27 individuals with
elevated levels of self-reported social anxiety. Using a modified word-sentence association
paradigm (WSAP; Beard & Amir, 2009), participants in the two experimental conditions
were differentially reinforced for rejecting threatening interpretations and endorsing benign
interpretations of ambiguous social information. Results revealed that participants who were
trained to repeatedly interpret ambiguous social information in a less threatening and more
benign manner displayed a significant reduction in threat interpretations and increase in
benign interpretations. Moreover, the actively trained group displayed a significantly larger
reduction in social anxiety symptoms compared to the control condition. Change in benign
interpretations mediated the relationship between interpretation training and change in social
anxiety. The groups did not differ, however, on change in trait anxiety or depression. More
recently, two studies have found that a combined regimen that included the interpretation
procedure used by Beard and Amir (2008) and an attentional training procedure (Amir,
Beard, Taylor et al., 2009; MacLeod et al., 2002) resulted in significant reductions in anxiety
symptoms in individuals diagnosed with GSAD (Beard et al., in press) or either GSAD or
GAD (Brosan et al., 2011).

In summary, previous research supports the efficacy of CBM procedures in modifying
interpretations of ambiguous information and reducing anxiety symptoms in analogue and
clinical samples. However, previous CBM-I studies were conducted in small, analogue
samples (Beard & Amir, 2008) or in combination with CBM-A procedures (Beard et al., in
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press; Brosan et al., 2011). Thus, the efficacy of interpretation training procedures alone in
individuals presenting with greater severity of symptoms and functional interference
remains to be established. Accordingly, the primary aim of the current study was to test the
efficacy of a multi-session Interpretation Modification Program (IMP) in a sample of
patients meeting diagnostic criteria for GSAD. We predicted that IMP would reduce threat
interpretations, increase benign interpretations, as well as decrease social anxiety symptoms
and associated functional impairment from pre- to post-assessment relative to the
Interpretation Control Condition (ICC). We also explored the effects of IMP on symptoms
of trait anxiety and depression.

Method
Design

The current study comprised a 2 (Group: IMP, ICC) X 2 (Time: pre-assessment, post-
assessment) mixed design. Participants were randomly assigned to IMP (n = 23) or ICC (n =
26). They were assessed using interviewer, self-report, and information processing bias
measures at pre- and post-assessment. Follow-up assessments were conducted on
participants in the IMP group approximately three months after the post-assessment.

Participants
Participants were recruited through clinical referrals as well as posted announcements in
community settings and local newspapers that described the program and provided a
telephone contact number. Diagnostic assessment was based on an initial telephone
screening followed by an in-person diagnostic interview using the Structured Clinical
Interview for the DSM-IV (SCID; First, Spitzer, Gibbon, & Williams, 1994). We
administered the full SAD module of the SCID as well as the SCID screening module to
screen for co-occurring Axis I conditions. Of the 62 individuals who were assessed for
eligibility, 11 did not meet entry criteria and 2 were lost to contact. The remaining 49
participants met a principal DSM-IV diagnosis of GSAD. Exclusionary criteria included: (a)
evidence of suicidal intent, (b) evidence of current substance abuse or dependence, (c)
evidence of current or past schizophrenia, bipolar disorder, or organic mental disorder, (d)
any concurrent psychotherapy (e) change in pharmacological treatments during the 12 weeks
prior to study entry, (f) cognitive behavioral therapy within the past 6 months, and (g)
Liebowitz Social Anxiety Scale (LSAS) < 50.1 Participants were re-assessed using the
SCID-SAD module at post- and follow-up assessments. Participants’ progress through the
study is summarized in Figure 1.

Eligible participants were randomly assigned to receive either the IMP or ICC. Participants
were enrolled in the study serially at two sites, the University of Georgia (UGA, n = 10) and
San Diego State University (SDSU, n = 39), between October 2004 and March 2006, August
2007 and July 2010, respectively. Participants enrolled at UGA completed an eight-session
version of the treatment procedures that were otherwise identical to the 12-session program.
2 Participants randomized to the IMP versus ICC conditions at the two sites did not differ,
[UGA: IMP, n = 6 vs. ICC, n = 4; SDSU: IMP, n = 17 vs. ICC, n = 22], χ2(1)= .86, p = .35.
Six participants withdrew from the study prematurely (IMP, n = 3; ICC, n = 3). Reasons

1Some research recommends using an LSAS cutoff of 60 in addition to a diagnostic assessment to establish the generalized subtype of
social anxiety disorder (Mennin et al., 2002). To facilitate comparability of the current findings with previous clinical trials that used
this LSAS cutoff as part of their inclusion criteria, we re-analyzed our primary outcome measures (LSAS, SPAI) in the subgroup of
participants with a pre-assessment LSAS ≥ 60 (IMP, n = 16; ICC, n = 18). Results of the Group (IMP, ICC) X Time (pre-, post-
assessment) MANOVA revealed a significant interaction, F(2, 31) = 8.29, p = .001, ηp2 = .35. Follow-up univariate ANOVAs
revealed a significant Group X Time interaction for the LSAS, F(1, 32) = 12.78, p = .001, ηp2 = .29, but not SPAI, F(1, 32) = 0.059, p
= .81, ηp2 = .00. These findings are consistent with the results reported for the overall sample.
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provided for discontinuing the study were: pursuing other treatment (n = 1), relocation (n =
1), and unknown (n = 4). Thus, the treatment completer sample comprised 20 IMP and 23
ICC participants. See Table 1 for demographic and clinical characteristics.

Measures
We used a battery of clinician- and self-rated measures at pre- and post-assessment.
Clinician ratings were made by raters blind to treatment condition. Interviewers were
doctoral level graduate students, postdoctoral fellows, and the principal investigator.
Reliability training procedures followed standardized protocols used in previous clinical
trials shown to maintain high inter-rater agreement (see Amir, Beard, Taylor et al., 2009 for
details).

Social anxiety symptoms—Our primary outcome measure was the clinician-
administered Liebowitz Social Anxiety Scale (LSAS; Liebowitz, 1987), a 24-item scale that
provides separate scores for fear and avoidance of social interaction and performance
situations. The LSAS has strong psychometric properties (Heimberg et al., 1999) and is
arguably the gold-standard outcome measure in treatment research in SAD (e.g., Clark et al.,
2006; Heimberg et al., 1998). Our secondary outcome assessment of social anxiety
symptoms was the Social Phobia and Anxiety Inventory (SPAI; Turner, Beidel, Dancu, &
Stanley, 1989), a 45-item self-rated measure that assesses the cognitive, behavioral and
somatic dimensions of SAD. Previous research suggests that the SPAI has sound
psychometric properties (e.g., Turner et al., 1989). Internal consistencies for these measures
in the current sample were satisfactory (Average Cronbach’s alpha = .96 and .98, for the
LSAS and SPAI, respectively).

Functional impairment—To assess current level of interference due to social anxiety,
independent assessors administered the Sheehan Disability Scale (SDS; Leon, Olfson,
Portera, Faber, & Sheehan, 1997), a three-item measure that assesses functional impairment
across several domains (social, work/school, family). The SDS generally demonstrates
satisfactory reliability and correlates highly with other commonly used disability measures
in social anxiety (e.g., Hambrick, Turk, Heimberg, Schneier, & Liebowitz, 2004; Leon et al.,
1997). Average internal consistency of the SDS in the current sample was acceptable
(Cronbach’s alpha = .79).

Emotional distress—We used the State Trait Anxiety Inventory-Trait (STAI-T;
Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) to assess anxious mood, and the
Beck Depression Inventory II (BDI-II; Beck, Steer, & Brown, 1996) to assess depressed
mood. Average Cronbach’s alphas in the current sample were .93 and .94 for the STAI-Trait
and BDI-II, respectively.

Computerized Interpretation Assessment
To assess the effect of training on participants’ interpretation of ambiguous social
information, participants completed a computerized interpretation assessment at pre- and
post-assessment called the Word Sentence Association Paradigm (WSAP; Beard & Amir,
2009). Each WSAP trial comprised four phases. First, a fixation cross appeared on the
computer screen for 500 ms. The fixation cross directed the participants’ attention toward
the middle of the screen and alerted them that a trial was beginning. Second, a word

2Participants enrolled at UGA completed an eight-session version of the treatment procedures that were otherwise identical to the 12-
session program. We reanalyzed the data to examine whether treatment site moderated the main outcomes using a series of Group
(IMP, ICC) X Site (UGA, SDSU) X Time (pre-, post-assessment) MANOVAs with repeated measurement on the last factor. Results
revealed that treatment site did not significantly moderate any of the main outcomes (all p > .10).
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representing either a threat interpretation (e.g., “embarrassing”) or a benign interpretation
(e.g., “funny”) appeared in the center of the computer screen for 500 ms. Third, an
ambiguous sentence (e.g., “People laugh after something you said”) appeared and remained
on the screen until participants pressed the space bar indicating that they finished reading the
sentence. Finally, the computer prompted participants to press ‘#1’ on the number pad if
they thought the word and sentence were related or to press ‘#3’ on the number pad if the
word and sentence were not related. The next trial began immediately after the participants’
response.

Participants completed 110 trials during each assessment: 76 trials related to ambiguous
social situations (e.g., You make a first impression on your new coworker) and 34 filler
trials related to general (non-social) ambiguous situations. (e.g., The doctor examined your
growth). We used two sets of WSAP materials (Set A and B) that were matched with respect
to the type of situation depicted (see Appendix for sample materials). To examine whether
changes in cognitive bias following interpretation training would generalize to novel stimuli,
we used materials in the pre- and post-assessment blocks that were not encountered during
training. After random assignment, 23 participants received Set A (IMP, n = 11; ICC, n =
12), and 26 participants received Set B (IMP, n = 12; ICC, n = 14) at pre-assessment,
χ2(1)= .014, p = .91.3, 4

All text appeared in black, 12 point font against a gray background. For each participant, we
calculated the percentage of threatening interpretations and benign interpretations endorsed.
Previous research demonstrates that socially anxious individuals tend to endorse more
threat-related interpretations and fewer benign interpretations of ambiguous social material
relative to non-anxious controls (Beard & Amir, 2009). Moreover, severity of social anxiety
symptoms has been shown to significantly correlate with both threat and benign
endorsement rates.

Procedure
Participants provided written informed consent at the beginning of the pre-assessment, and
again before each session. The consent form stated that the purpose of the study was to
“evaluate the usefulness of new computer based treatments for anxiety”; however, no
information was provided regarding the rationale for either of the two conditions.
Participants were also informed that they would be “randomly assigned to one of two
groups: One group will receive the anxiety treatments and the other group will receive the
non-treatment (placebo) condition”. Participants completed a baseline assessment that
comprised the interviewer and self-report measures. The pre-assessment, as well as post-
and follow-up assessments lasted approximately 2–3 hours.

Following the pre-assessment, participants were randomly assigned to one of two
conditions: IMP or ICC. Condition assignment was determined using a random number
generator. A research coordinator then placed the randomly assigned condition number in
separate envelopes for each participant at the beginning of the study. Prior to each
experimental session, participants entered the number in their file into the computer, which
began the appropriate program. Participants did not know which condition the numbers
represented, and the research assistants working with the participants could not see the

3To examine whether treatment effects differed as a result of the materials used during training, we reanalyzed the data using a series
of Group (IMP, ICC) X Materials Set (A, B) X Time (pre-, post-assessment) MANOVAs with repeated measurement on the last
factor. Results revealed that materials set did not significantly influence any of the treatment outcomes reported in the main text (all p
> .05).
4Data was missing for three participants; therefore, sample sizes for this analysis were, IMP (n = 18) and ICC (n = 22). We reanalyzed
the data in the sub-sample of participants who had complete interpretation bias assessment data. Results of these analyses did not
differ from those reported for the entire sample.

Amir and Taylor Page 6

J Consult Clin Psychol. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



number in the envelope, nor were they aware of which condition the numbers represented.
Thus, participants, experimenters, and interviewers remained blind to the participant’s
condition until after all post-treatment assessments were conducted. The protocol included
12 20-minute interpretation training sessions delivered over a six week period (i.e., twice
weekly sessions).2

After completing 12 sessions of the IMP or ICC, participants completed a post-assessment
identical to the pre-assessment. Finally, to establish the duration of treatment effects, follow-
up assessments were conducted on participants in the IMP group, which occurred
approximately three months later. Participants completed the same interviewer and self-
report assessments as during the pre- and post-assessments; however, they did not complete
the computerized interpretation assessment. Participants in the ICC group were offered
treatment following the post-assessment. All participants received $20 per hour as
compensation for their participation (e.g., for time away from work and expenses incurred).
The current procedures were approved by the Internal Review Board (IRB) at both
institutions.

Treatment Conditions
Interpretation Modification Program (IMP)—The IMP procedure was identical to the
WSAP, except that participants received feedback about their responses. Specifically, after
participants responded regarding the relatedness of the word and sentence, the computer
provided feedback about their response. Participants received positive feedback (“You are
correct!”) when they responded to benign interpretation trials by pressing #1 (‘related’) and
to threat interpretation trials by pressing #3 (‘not related’). Thus, participants received
positive feedback when they endorsed benign interpretations or rejected threat
interpretations of the ambiguous sentences on 100% of trials. Participants received negative
feedback (“You are incorrect.”) when they responded to threat interpretation trials by
pressing #1 (‘related’) and to benign interpretation trials by pressing #3 (‘not related’). Thus,
they received negative feedback when they endorsed threat interpretations or rejected benign
interpretations on 100% of trials. This feedback manipulation was intended to reinforce a
benign interpretation bias and extinguish the threat interpretation bias. Participants
completed two blocks of 110 training trials (76 social and 34 non-social) in each session.
Participants who completed Set A during the WSAP assessment saw Set B during the IMP
and vice versa. Thus, participants were assessed with different materials than those seen
during the IMP. Each IMP session lasted approximately 20 minutes.

Interpretation Control Condition (ICC)—The ICC was identical to the IMP except that
participants received positive feedback when they endorsed threat interpretations on half
(50%) of the trials and negative feedback when they endorsed threat interpretations for the
remaining half (50%) of trials. This frequency was the same for benign interpretations.
Thus, the control group was reinforced equally for making threat and benign interpretations.
The ICC was not intended to change interpretation significantly in either direction.

Statistical Analyses
Based on prior research examining the effect of a similar multi-session interpretation
training procedure on symptoms of social anxiety (Beard & Amir, 2008), we estimated an
average between-group controlled effect size of 1.0 on our primary dependent measures.
With alpha set at .05 and power (1-beta) set at .80, a sample size of at least 17 participants
per group was needed to detect an effect of this magnitude between the IMP and ICC groups
on the primary outcome measures of social anxiety symptoms.
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Analyses were conducted on treatment completers (IMP, n = 20; ICC, n = 23) and the intent-
to-treat (ITT) sample (IMP, n = 23; ICC, n = 26). In the ITT sample, we employed the last
observation carried forward procedure to estimate post-treatment scores in non-completers.
To ensure that random assignment did not create groups differing in demographic
characteristics or symptom severity, we conducted chi-square tests for categorical variables
and t-tests for continuous variables comparing groups at pre-treatment on each demographic
and dependent measure. To examine the effect of the interpretation training procedure on the
dependent variables, we submitted participants’ scores on the measures of interpretation bias
as well as self-and interviewer-rated measures of symptoms to a series of 2 (Group: IMP,
ICC) X 2 (Time: pre-, post-assessment) ANOVAs with repeated measurement on the second
factor. Multivariate ANOVAs (MANOVAs) were used for conceptually related measures
(i.e., interpretation bias: threat, benign; social anxiety symptoms: LSAS, SPAI; emotional
distress: STAI-T, BDI-II), and a univariate ANOVA was used for functional impairment
(i.e., SDS). Significant multivariate effects were followed up with corresponding univariate
tests. We followed up significant interactions with within-group simple effects analyses
(paired t-tests) as well as analyses of covariance (ANCOVA) on post-treatment scores
covarying pre-treatment scores to determine whether the IMP resulted in a significant
change on the relevant dependent measures from pre-to post-assessment (see Clark et al.,
2006; Heimberg et al., 1998). The magnitude of symptom change was established by
calculating (a) within-group effect sizes = (pre-assessment mean minus post-assessment
mean)/pre-assessment standard deviation, and (b) between-group controlled effect sizes =
(post-assessment ICC covariance adjusted mean minus post-assessment IMP covariance
adjusted mean)/pooled standard deviation.

Results
Preliminary Analyses

Comparison of Treatment Conditions at Baseline—The IMP and ICC groups did
not differ on any demographic or clinical characteristics (ps > .10). See Table 1. Groups did
not significantly differ in level of social anxiety, depression, trait anxiety, threat
interpretation endorsement, or benign interpretation endorsement at pre-assessment (ps > .
10). The means and standard deviations of these measures are presented in Table 2.

Comparison of Treatment Sites—A comparison of demographic characteristics
between sites (UGA vs. SDSU) revealed significant site differences on age, t(47) = −2.09, p
= .042 and gender, χ2(1)= 5.03, p = .025, but not for education, t(47) = −.26, p = .80 or
ethnicity (Caucasian vs. non-Caucasian), χ2(1)= .33, p = .57. Participants from UGA tended
to be younger and female relative to participants at SDSU.

Comparison of Treatment Completers and Non-completers—Three IMP (13.0%)
and three ICC (11.5%) participants discontinued treatment prematurely. Groups did not
differ in the proportion of non-completers, χ2(1)= .026, p = .87. A comparison of treatment
completers and non-completers revealed that there were no significant between-group
differences on any of the demographic or clinical characteristics, or on the dependent
measures at baseline, all p > .10.

Main Treatment Effects: Completer Sample
Change in Interpretation Bias—Table 2 presents the means, standard deviations, and
the results of the multivariate and univariate Group (IMP, ICC) X Time (pre-, post-
assessment) ANOVAs for the WSAP for treatment completers. The MANOVA for social
interpretation bias revealed that the predicted multivariate Group X Time interaction was
significant (p = .001). Univariate ANOVAs revealed significant Group X Time interactions
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on threat interpretations (p = .006) and benign interpretations (p < .001). Follow-up paired t-
tests conducted within each group revealed that participants in the IMP group showed a
significant decrease in endorsement of threat interpretations from pre- to post-assessment,
[t(17) = 4.91, p < .001] and a significant increase in endorsement of benign interpretations,
[t(17) = −5.29, p < .001]. Similar analyses in the ICC group revealed a significant decrease
in threat bias scores from pre- to post-assessment, [t(21) = 2.91, p = .008] and a marginally
significant increase in benign interpretations, [t(21) = −1.83, p = .082]. An ANCOVA
conducted on post-treatment scores covarying pre-treatment scores revealed that the IMP
group endorsed significantly fewer social threat interpretations, [F(1, 37) = 7.78, p = .008,
ηp

2 = .17] and more benign interpretations, [F(1, 37) = 17.61, p < .001, ηp
2 = .32] relative to

the ICC group at post-assessment. See Table 3 for Cohen’s d effect size estimates.

A similar analysis for general (non-social) interpretation bias also revealed a significant
multivariate Group X Time interaction (p = .001). Univariate ANOVAs revealed significant
Group X Time interactions on threat interpretations (p = .002) and benign interpretations (p
= .012). Follow-up paired t-tests conducted within each group revealed that participants in
the IMP group displayed a significant decrease in endorsement of non-social threat
interpretations from pre- to post-assessment, [t(17) = 5.15, p < .001] and a significant
increase in endorsement of benign interpretations, [t(17) = −5.59, p < .001]. The ICC group
exhibited a significant decrease in non-social threat interpretations from pre- to post-
assessment, [t(21) = 2.79, p = .011]; however, they did not differ in benign interpretations
from pre- to post-assessment, [t(21) = −.50, p = .62]. An ANCOVA conducted on post-
treatment scores covarying pre-treatment scores revealed that the IMP group endorsed
significantly fewer non-social threat interpretations, [F(1, 37) = 16.43, p < .001, ηp

2 = .31]
and more benign interpretations, [F(1, 37) = 14.83, p < .001, ηp

2 = .29] relative to the ICC
group at post-assessment. See Table 3 for Cohen’s d effect size estimates.

Change in Social Anxiety Symptoms—Table 2 presents the means, standard
deviations, and the results of the multivariate and univariate Group (IMP, ICC) X Time
(pre-, post-assessment) ANOVAs of the SP measures. Results revealed a significant
multivariate Group X Time interaction (p = .001). Univariate ANOVAs revealed a
significant Group X Time interaction on the LSAS (p = .001), but not SPAI (p = .57).
Follow-up paired t-tests conducted within each group revealed that participants in the IMP
group showed a significant decrease in scores from pre- to post-assessment on the LSAS, [t
(19) = 6.45, p < .001] and SPAI, [t (19) = 5.82, p < .001]. Similar analyses in the ICC group
also revealed a significant decrease in scores from pre- to post-assessment on the LSAS, [t
(22) = 2.88, p = .009] and SPAI, [t (22) = 4.25, p < .001]. An ANCOVA conducted on post-
assessment scores covarying pre-assessment scores revealed that the IMP group was rated
by clinicians as being less socially anxious following treatment [LSAS: F(1, 40) = 11.61, p
= .002, ηp

2 = .23]. However, the groups did not differ at post-assessment on self-rated
symptoms of social anxiety when controlling for baseline scores, [SPAI: F(1, 40) = .30, p = .
58, ηp

2 = .01]. See Table 3 for Cohen’s d effect size estimates.

Change in Functional Impairment—Table 2 presents the means, standard deviations,
and the results of the Group (IMP, ICC) X Time (pre-, post-assessment) ANOVA for
clinician-rated functional impairment (i.e., SDS). Results revealed significant main effects
for Group and Time (both p < .05) that were qualified by a significant Group X Time
interaction (p = .041). Follow-up paired t-tests conducted within each group revealed that
participants in the IMP group showed a significant decrease from pre- to post-assessment in
functional impairment, [SDS: t (18) = 5.47, p < .001]. Similar analyses in the ICC group
revealed a significant decrease in functional impairment from pre- to post-assessment, [SDS:
t (22) = 3.59, p = .002]. An ANCOVA conducted on post-treatment scores covarying pre-
treatment scores revealed that the IMP group displayed significantly less functional
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impairment following treatment [SDS: F(1, 39) = 6.64, p = .014, ηp
2 = .15] compared to the

ICC group. See Table 3 for Cohen’s d effect size estimates.

Change in Emotional Distress—Table 2 presents the means, standard deviations, and
the results of the multivariate and univariate Group (IMP, ICC) X Time (pre-, post-
assessment) ANOVAs for measures of general emotional distress. Results revealed a
significant multivariate main effect for Time (p < .001) that was qualified by a significant
Group X Time interaction (p = .017). Follow-up univariate ANOVAs revealed significant
Group X Time interactions on the BDI-II (p = .005) and STAI-T (p = .043). Follow-up
paired t-tests conducted within each group revealed that participants in the IMP group
showed a significant decrease from pre- to post-assessment in symptoms of general anxiety,
[STAI-T: t(19) = 5.48, p < .001] and depression, [BDI-II: t(19) = 7.07, p < .001]. Similar
analyses in the ICC group revealed a significant decrease in symptoms of general anxiety
from pre- to post-assessment, [STAI-T: t(22) = 2.55, p = .018] and depression, [BDI-II:
t(22) = 2.51, p = .02]. An ANCOVA conducted on post-treatment scores covarying pre-
treatment scores revealed that the IMP group displayed significantly less trait anxiety
[STAI-T: F(1, 40) = 6.83, p = .013, ηp

2 = .15] and less depression [BDI-II: F(1, 40) = 7.16,
p = .011, ηp

2 = .15] compared to the ICC group. See Table 3 for Cohen’s d effect size
estimates.

Main Treatment Effects: Intent-to-Treat Sample
We repeated the main analyses in the ITT sample. See Table 4. Results were consistent with
the completer sample with the following two exceptions: First, the univariate Group X Time
interaction became marginally significant for the SDS (p = .063); however, an ANCOVA
conducted on post-assessment SDS scores while covarying out pre-assessment scores
revealed that the IMP group was rated as less functionally impaired at post-assessment
relative to the ICC group, [F(1, 45) = 4.51, p = .039, ηp

2 = .09]. Second, the univariate
Group X Time interaction was no longer significant for the STAI-T (p = .16) and the
ANCOVA conducted on post-assessment STAI-T scores while covarying pre-assessment
scores was only marginally significant, [F(1, 46) = 3.13, p = .084, ηp

2 = .06].

Maintenance of Treatment Gains
To explore the longer-term effects of IMP, we collected follow-up data approximately three
months following the post-assessment on participants in the IMP group (n = 15; 75%
follow-up retention rate). See Table 2. Participants and clinical evaluators were no longer
blind to condition assignment at follow-up. A comparison of treatment completers who
participated in the follow-up assessment versus those who did not revealed that there were
no significant between-group differences on any of the demographic or clinical
characteristics, or on the dependent measures at baseline or post-assessment (all p > .05)
with the following two exceptions: Participants who completed the follow-up assessment
were older, [t(17.68) = −2.67, p = .016] and displayed higher depression scores at post-
assessment, [BDI-II: t(16.41) = −2.95, p = .009].

A repeated measures (Time: pre, post, follow-up) MANOVA conducted on the social
anxiety scales revealed a significant main effect for Time, [F (4, 11) = 7.12, p = .004, ηp

2 = .
72]. Simple follow-up contrasts indicated that IMP participants who provided follow-up data
displayed significant reductions on the LSAS [t(14) = 5.38, p < .001] and SPAI [t(14) =
4.99, p < .001] from pre to post-assessment, and significant reductions from post-assessment
to follow-up on the LSAS [t(14) = 2.47, p = .027] and SPAI [t(14) = 2.43, p = .029].
Similarly, a repeated measures ANOVA conducted on the SDS revealed a significant main
effect of Time, [F (2, 12) = 8.38, p = .005, ηp

2 = .58]. Follow-up simple contrasts indicated
that IMP participants displayed significant reductions in functional interference from pre- to
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post-assessment, [t(13) = 3.95, p = .002] and a significant decrease from post- to follow-up
assessment, [t(13) = 2.19, p = .048]. Finally, a repeated measures MANOVA conducted on
measures of emotional distress revealed a significant multivariate effect for Time, [F(4, 10)
= 9.64, p = .002, ηp

2 = .79]. Simple follow-up contrasts revealed that the IMP group
exhibited significant reductions on symptoms of depression [BDI-II: t(14) = 6.05, p < .001]
and general anxiety [STAI-T: t(14) = 5.13, p < .001] from pre- to post-assessment; however,
scores on the BDI-II and STAI-T did not differ significantly from post-assessment to follow-
up (both p > .70). Considered together, these results suggest that treatment gains resulting
from IMP appear to be an enduring effect, at least during a several month follow-up period.

Responder Status
Diagnostic status after treatment was examined. At post-assessment, 65% of participants in
the IMP group no longer met diagnostic criteria for GSAD compared to 13% of participants
in the ICC group, χ2(1)= 12.36, p < .001. We followed the procedures outlined by Jacobson
and Truax (1991) to evaluate clinically significant change on the primary outcome measure
(i.e., LSAS). A participant was classified as meeting criteria for clinically significant change
if (a) their post-treatment score fell within the range (mean ± two standard deviations) of the
non-clinical population using Fresco et al.’s (2001) non-patient LSAS data (M = 13.61, SD
= 11.10; see also Clark et al., 2006), and (b) if they displayed a statistically reliable
reduction in scores from pre- to post-assessment using the reliable change index (Jacobson
& Truax, 1991). The percentage of patients who had achieved clinically significant
improvement on the LSAS was 30% in the IMP and 13% in the ICC, χ2(1)= 1.86, p = .17.

Mediation Analyses
We used bootstrapping procedures (Preacher & Hayes, 2008) to test the indirect effect of
treatment condition (Group: IMP, ICC) on reduction in clinician-rated social anxiety
symptoms (LSAS) from pre- to post-assessment through change in interpretation bias. We
computed residualized change scores for each measure by regressing the post-treatment
scores on the pre-treatment scores for all study participants. We tested a multiple mediator
model in which the proposed mediators (i.e., change in threat and benign interpretation bias
scores for social and non-social scenarios) were entered simultaneously in the proposed
model, which arguably provides a more powerful test of the hypothesis under investigation
(cf. separate single mediator models; e.g., Baron & Kenny, 1986). We present results of the
mediation analyses for the 95% confidence intervals of the indirect path (ab). Path a
represents the direct path from the independent variable (IV) to the putative mediators (M);
path b represents the direct path from the mediator to the dependent variable (DV) while the
IV is held constant; path c represents the total effect of the IV on the DV; and path c′
represents the effect of the IV on the DV while controlling for M. Significant indirect effects
(ab) are revealed when confidence intervals do not overlap with zero. We report accelerated
bias-corrected confidence intervals obtained using 5000 resamples as well as point estimates
of the indirect effects.

Results revealed that the overall mediation model accounted for a significant amount of the
variance in predicting change in clinician-rated social anxiety symptoms, R2 = .45, F(5, 34)
= 5.66, p < .001. Only change in social threat interpretation bias predicted change in LSAS
when the remaining variables were held constant, with larger reductions in endorsement of
threatening interpretations of ambiguous social information associated with a greater
decrease in social anxiety symptoms, B = .74 (SE = .22), t(39) = 3.32, p = .002 (path b1).
The indirect effect (ab) of treatment on change in symptoms through change in social threat
interpretation bias was significant such that the 95% confidence interval did not overlap with
zero (a1b1 = .5989; lower value = .1133, upper value = 1.3452). The direct effect of
treatment condition on change in social anxiety remained significant when controlling for
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change in interpretation bias, which suggested partial mediation, B = .73 (SE = .32), t(39) =
2.25, p = .03 (path c′).5

Condition Assignment
To assess whether participants remained blind to their respective experimental condition, we
asked participants at post-assessment whether they thought they received the active
intervention or not. Participants were not fully debriefed about the nature of the
manipulation prior to providing their condition guess responses. Of the participants who
provided responses (N = 33)6, in the IMP group (n = 16), 4 participants thought they
received the active treatment. In the ICC group (n = 17), 5 participants believed they had
received the active treatment. Groups did not differ in the proportion of participants who
thought they received the active treatment, χ2(1)= .081, p = .78. These findings bolster
confidence that participants did not systematically predict their respective experimental
condition. An examination of pre- to post-treatment effect sizes on the primary outcome
measure (LSAS) revealed that IMP participants displayed treatment changes of similar
magnitude regardless of whether they believed they were in the active condition (d = 1.55)
or not (d = 1.97). In contrast, participants in the ICC group who believe they received the
active intervention displayed a notably larger treatment response (d = 1.93) relative to ICC
participants who did not think they were in the active condition (d = 0.41).

Discussion
In the current study we sought to examine the effects of a multi-session computerized
interpretation training procedure in a sample of individuals meeting diagnostic criteria for
GSAD. Consistent with our prediction, IMP successfully modified interpretations of
ambiguous social information as well as reduced symptoms of social anxiety from pre- to
post-assessment. Independent assessor ratings at post-assessment indicated that participants
who completed IMP were significantly less socially anxious and avoidant as well as less
functionally impaired than the control group. Finally, 65% of participants in the IMP group
no longer met DSM-IV criteria for GSAD after training, compared to 13% of control
participants. To our knowledge, the present study provides the first empirical evidence
supporting the potential clinical utility of using computerized interpretation training
programs alone in individuals diagnosed with GSAD.

Previous studies have demonstrated that computerized CBM paradigms can induce selective
interpretive biases of ambiguous material in non-clinical and analogue samples (e.g., Grey &
Mathews, 2000; Mathews & Mackintosh, 2000; Murphy et al., 2007; Wilson et al., 2006).
However, it is conceivable that interpretation biases are more resistant to change in
individuals with more severe and enduring symptoms, in part because they may present with
more deeply ingrained negative social beliefs and assumptions. Thus, our first goal was to
establish the efficacy of IMP in manipulating the type of social interpretation biases
characteristic of individuals with GSAD (e.g., Amir, Foa, & Coles, 1998; Stopa & Clark,

5We conducted a sensitivity analysis using single mediator models in which change in the four interpretation bias scores (i.e., social
threat, social benign, general threat, and general benign) were analyzed separately as putative mediators of change in LSAS from pre-
to post-treatment. Consistent with the multiple mediator model reported in the main text, results revealed that only change in social
threat interpretation bias was significantly associated with change in LSAS when the remaining variables were held constant, B = .48
(SE = .14), t(39) = 3.35, p = .002 (path b). The indirect effect (ab) of treatment on change in symptoms through change in social threat
interpretation bias was significant (ab = .3841; lower value = .0453, upper value = .9207). Change in social benign interpretation bias
was marginally associated with change in LSAS, B = −.33 (SE = .17), t(39) = −1.95, p = .059 (path b); however, the 95% confidence
interval of the indirect effect was not significant (ab = .3649; lower value = −.0539, upper value = .9623). Neither change in general
threat nor general benign interpretation bias were associated with change in LSAS (both p > .10, path b). These findings are consistent
with the multiple mediator analysis reported in the main text.
6Only a sub-sample of participants provided a condition assignment response due to an error in the administration of post-assessment
debriefing questionnaires that inadvertently neglected to include the measure that assessed belief in condition assignment.
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2000; Hirsch & Mathews, 2000). The present findings demonstrated that relative to a control
group that was reinforced equally for making benign versus threat interpretations, IMP
resulted in significantly greater pre- to post-treatment reductions in endorsement of threat
interpretations and increases in endorsement of benign interpretations of ambiguous social
information. Participants were tested on materials at post-assessment that were not
encountered during training, suggesting that changes in interpretation associated with IMP
generalized to novel stimuli. These results converge with earlier findings in a sample of
socially anxious students (Beard & Amir, 2008) and provide further support for CBM
interpretation paradigms that provide individuals with corrective feedback about the way in
which they resolve ambiguous scenarios (see also Beard et al., in press; Brosan et al., 2011).
The magnitude of change in interpretation bias in the IMP group was large (pre- to post-
assessment ds = 1.91 and 1.76 for threat and benign interpretations, respectively) although
lower than that observed in the IMP group in Beard and Amir (2008; pre- to post-treatment
ds = 2.83 and 2.71, for threat and benign interpretations, respectively), possibly reflecting
differences in severity between the analogue and clinical samples. Nevertheless, the current
results support the malleability of interpretive biases using CBM procedures in individuals
diagnosed with GSAD.

IMP also modified interpretations of general (non-social) material, producing large effects
similar in magnitude to changes in social interpretation bias. These findings are not
unexpected given that approximately one-third of IMP trials presented non-social
ambiguous scenarios. However, these results raise questions about the optimal dose of
training given the relatively robust changes in general threat interpretations with fewer
training trials relative to the number of ambiguous social trials. On the one hand, these
findings may suggest that fewer trials are needed to shift interpretive biases in anxious
individuals. It is also possible that the social interpretation training trials facilitated changes
in general interpretations (and vice versa), which would imply that training in one domain
generalizes to other domains. Future research is needed to dismantle the relative effects of
modifying interpretations of social versus general scenarios in order to determine which type
of training materials yield the greatest clinical benefit.

Our second goal was to examine the effects of IMP on social anxiety symptoms and related
interference. Participants in the IMP group were judged by independent evaluators as
displaying significantly greater reductions in social anxiety symptoms and functional
impairment relative to the control group. Thus, the current study adds to a small but growing
literature supporting the efficacy of computerized CBM procedures in the treatment of
individuals meeting diagnostic criteria for an anxiety disorder (Amir, Beard et al., 2009;
Amir, Beard, Taylor et al., 2009; Schmidt et al., 2009). However, whereas previous studies
have tested the efficacy of CBM-A procedures alone or in combination with CBM-I
procedures in the remediation of anxiety disorders, the current study extends these findings
to a program designed to modify interpretive biases characteristic of pathologic anxiety. The
robustness of the interpretation training procedure is bolstered by extending earlier findings
in analogue samples of socially anxious (Beard & Amir, 2008) and generally trait anxious
individuals (Mathews et al., 2007; Salemink et al., 2009) to clinical samples presenting with
greater severity of symptoms and functional interference. It should be noted, however, that
the IMP group did not differ significantly from the control group on change in self-rated
social anxiety symptoms. Rather, both groups displayed large reductions in self-rated social
anxiety symptoms of similar magnitude. This finding points to the potency of the control
condition and also suggests that the LSAS was more sensitive to discriminating treatment
effects compared to the SPAI.

Follow-up assessments conducted approximately three months post-treatment revealed that
IMP participants maintained symptom reduction after completing the training, suggesting
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that the beneficial effects of training were enduring. To our knowledge, this is the first study
to examine the longer-term impact of interpretation training procedures. However, follow-up
data should be interpreted with caution because of the modest retention rate, the fact that
assessors and participants were no longer blind to condition, and the lack of a placebo
control group. Future research is needed to investigate the long-term impact of IMP that
assesses symptoms as well as interpretation bias.

Participants in the IMP group also displayed significantly greater reductions in self-reported
symptoms of depression and trait anxiety relative to the ICC group; although differential
group changes on the STAI-T were less robust in the ITT sample. These findings suggest
that the effects of IMP generalized to symptoms that often co-occur with social anxiety. It is
possible that changes in depression and trait anxiety were simply concomitants of change in
social anxiety symptoms (e.g., Moscovitch, Hofmann, Suvak, & In-Albon, 2005). Another
explanation is that IMP modified the types of cognitions that are also hypothesized to be
causally implicated in the maintenance of depression and general anxiety (Mathews &
MacLeod, 2005). However, previous findings regarding the effects of CBM interventions on
co-occurring symptoms of depression are mixed with some studies finding differential group
changes in depression (Amir, Beard et al., 2009) whereas others did not (Amir, Beard,
Taylor et al., 2009; Beard & Amir, 2008; Schmidt et al., 2009). Future research in larger
samples is needed to clarify whether CBM procedures that target anxiety-related information
processing biases are sufficient to reduce symptoms of depression or whether additional
procedures that more directly target depressive cognitions would be beneficial.

How do the present findings compare to extant clinical trials in SAD? First, participants in
the current study had clinical characteristics and symptom severity scores in the range of
previous treatment studies (e.g., Clark et al., 2006; Davidson et al., 2004; Heimberg et al.,
1998). Further, nearly half of participants reportedly sought treatment for their social fears in
the past, and over one-quarter were concurrently on medication. Thus, there is little reason
to believe that the current sample comprised a less severely anxious or impaired group of
individuals. Second, IMP produced treatment effects that were large in magnitude and
comparable to those reported in previous studies, suggesting that IMP may be an effective
intervention for reducing symptoms of social anxiety. The proportion of participants
meeting criteria for clinically significant change was comparable to previous CBM trials
(Amir, Beard, Taylor et al., 2009) but lower than that reported in some RCTs of other
psychosocial treatments using similar criteria to compute clinical significance (e.g.,
cognitive therapy; Clark et al., 2006). These findings are particularly remarkable considering
that IMP is relatively brief in duration (i.e., 20-minute sessions completed twice weekly for
6 weeks) and was completed in the absence of therapist contact. Thus, IMP may serve as a
transportable and widely accessible treatment for individuals with GSAD who are unable to
or choose not to access existing treatments (Coles et al., 2004; Huppert et al., 2003; Olfson
et al., 2000). Given its relatively straightforward computerized method of delivery, IMP
could be implemented within the home or other community-based settings (e.g., primary
care). IMP could also be integrated into standard CBT regimens to help facilitate cognitive
change during the early stages of treatment or to maintain cognitive changes as part of
relapse prevention following treatment.

One unresolved issue involves establishing the optimal dose of CBM-I sessions. The
majority of participants in the current study completed 12 training sessions, one-third more
than the typical 8 training sessions reported in several previous CBM clinical trials (Amir,
Beard et al., 2009; Amir, Beard, Taylor et al., 2009; Beard & Amir, 2008; Schmidt et al.,
2009). Treatment effects obtained in the current study are within the range of effect sizes
reported in these previous studies. Moreover, treatment outcomes did not differ significantly
in participants who completed the 8 vs. 12-session version of the current protocol. However,
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given the small number of participants who completed the 8 session protocol and site
differences on a number of demographics characteristics, these findings are difficult to
interpret. Nevertheless, the current findings underscore the potential importance of
establishing the number of training sessions required to achieve clinical benefit.

What might account for the reduction in social anxiety associated with IMP? The most
parsimonious explanation of the current findings is that IMP changed participants’
interpretations of ambiguous social information, which resulted in subsequent reductions in
social anxiety symptoms. Consistent with this hypothesis, a mediation analysis revealed that
reductions in threatening interpretations of ambiguous social stimuli accounted for changes
in social anxiety symptoms. In keeping with findings from previous research (Murphy et al.,
2007), participants in the IMP group may have come to view external social situations as
less threatening. In turn, diminished threat appraisals may lead to fewer avoidance
behaviors, and may have provided IMP participants with greater opportunities to participate
in and more objectively evaluate social situations, resulting in reductions in anxiety
symptoms. Changes in interpretation bias may have also facilitated more accurate
processing of social information that could be used to disconfirm the individual’s negative
beliefs (e.g., Clark & Wells, 1995; Hofmann, 2007). Results of the mediation analysis
should be interpreted with caution, however, given that temporal precedence of change in
the mediator and clinical improvement was not established. Thus, although causal inferences
can be made about change in interpretations resulting from the IMP, we cannot make such
claims about the relationship between change in interpretations and symptom change. Future
research should administer assessments of interpretation bias at multiple points during the
course of treatment to better address these issues. It should also be noted that although
change in threat interpretation bias was the strongest mediator of change in symptoms in the
current study, change in benign interpretation bias was a stronger mediator of treatment
response in a previous CBM-I trial (Beard & Amir, 2008). Although differences in sample
characteristics (e.g., analogue vs. clinical) or assessments used in the mediation analysis
(e.g., self- vs. clinician-rated symptoms) may account in part for these discrepancies, a true
dismantling study that examines the independent effects of targeting threat versus benign
interpretation biases is needed to reconcile the relative importance of each process in the
treatment of GSAD.

Contemporary cognitive and behavioral treatment regimens for GSAD target relatively
explicit cognitive biases. For example, patients may be asked to identify the type of
cognitive error ascribed to a particular thought and then to create a rationale response to
dispute the distortion (e.g., Davidson et al., 2004). In contrast, participants in the current
study were not given a rationale indicating that the program was designed to modify
negative biases in thinking. Moreover, the majority of participants were unaware of their
condition assignment. One interpretation of those findings is that IMP altered interpretations
at a more implicit level relative to interventions that seek to explicitly draw a connection
between negative biases in thinking and maintenance of symptoms. However, the current
study did not formally assess whether participants were aware that the program was teaching
them to make less negative and more benign interpretations of ambiguous situations. Future
studies should establish whether change in interpretations occurs more at an implicit versus
explicit level in IMP as well as the relative efficacy of procedures that target biases at each
level of processing. It may also be beneficial to provide a rationale for the training
procedures and to more explicitly encourage participants to generate a link between the
sentence and word in relation to themselves during training.

It is notable that the placebo control group (ICC) also showed significant and medium to
large changes on most outcome assessments. What might account for these changes? First,
ICC participants were reinforced during half of the training trials for making less threatening
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and more benign interpretations. Thus, for participants whose natural tendency at pre-
assessment was to endorse threat and reject benign interpretations, the 50–50 feedback
manipulation may have acted similar to a diluted version of IMP. It is also possible that the
ICC, by requiring participants to actively think about the relationship between ambiguous
social scenarios and emotionally valenced outcomes, increased participants’ awareness of
their habitual thinking patterns. This heightened awareness may have incidentally led some
participants to be more critical of their negative thoughts in social situations, which is
consistent with comments from several ICC participants during the post-assessment
debriefing. It is also possible that demand effects at least in part influenced changes in the
ICC group. Several participants in the ICC group believed they received the active
intervention. The magnitude of treatment effects was four times as large in the sub-group of
ICC participants who believed they received the active intervention versus those who did
not. Symptom reduction in the ICC group may also reflect a non-specific response to
receiving attention from an experimenter on multiple occasions. Research is needed to test
the effects of alternate placebo conditions (e.g., no feedback condition) that may serve as
better experimental controls.

Our study has limitations. First, our sample size was small. This provided limited power to
conduct mediation analysis and prevented an examination of moderators of treatment
response. Second, we did not include an independent measure of interpretation bias that
differed from the task used during training. Thus, it is not clear whether participants simply
learned a rule that they applied to the specific task or whether IMP changed interpretation
processes at a more fundamental level. For example, previous studies that have included
independent measures of interpretation do not always find that changes in interpretation on
the training task generalized to a different task (e.g., Salemink et al., 2007). Nevertheless,
changes in interpretation as measured by the WSAP in the current study were associated
with clinical improvement. Future research should also include measures of other cognitive
biases (e.g., attention) as well as behavioral tests (e.g., speech task) immediately after
training to more clearly establish the mechanism of action and generalizability of treatment
effects. Another limitation is that we did not comprehensively assess for comorbid
psychiatric conditions. Thus, we could not examine whether comorbidity moderated the
effects of IMP or whether IMP also affected diagnostic status for co-occurring conditions. It
should also be noted that treatment completion rates may have been influenced by providing
monetary compensation to participants for attending treatment sessions (see Beard et al., in
press).

Given that participants were aware at the outset of the study that they could be assigned to a
condition designed to reduce social anxiety, the possibility of demand effects should also be
considered. However, we believe that demand effects are unlikely to explain the observed
pattern of findings. First, groups did not differ in the proportion of participants who believed
they received the active intervention, suggesting that differential group outcomes could not
be attributed to demand alone. Second, the magnitude of treatment effects was similar in
IMP participants who believed they received the active treatment versus those who did not.
Nevertheless, future research should include behavioral (or other) assessments that are less
susceptible to experimental demand.

In summary, the current findings provide initial support for the efficacy of computerized
interpretation training procedures in individuals diagnosed with GSAD. In doing so, this
study extends previous CBM research in clinical populations that have demonstrated the
efficacy of attentional training manipulations (Amir, Beard et al., 2009; Amir, Beard, Taylor
et al., 2009; Schmidt et al., 2009) or combination CBM-A and CBM-I procedures (Beard et
al., in press; Brosan et al., 2011). Future studies should examine the additive and/or
interactive effects of CBM procedures that target attention and interpretation biases
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characteristic of anxiety (e.g., Broson et al., 2011). Similarly, given that interpretation biases
are key targets of cognitive and behavioral interventions for GSAD, it may be worthwhile to
examine whether IMP can enhance or accelerate cognitive changes during exposure-based
treatments. A large randomized clinical trial comparing IMP to established treatments (e.g.,
CBT) as well as their combination will help further establish the clinical utility of
computerized interpretation training programs.
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Figure 1.
Diagram of participants’ progress through phases of the study.
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Table 1

Patient Demographics and Clinical Characteristics

Variable IMP (n = 23) ICC (n = 26)

Gender (% female) 82.6 61.5

Age 28.9 (11.2) 33.1 (12.9)

Years of Education 13.1 (5.4) 15.0 (2.2)

Ethnicity (%)

 Caucasian 34.8 57.7

 Asian American 8.7 11.5

 African American 13.0 3.8

 Latin American 8.7 15.4

 Bi-racial 13.0 3.8

 Other 17.4 7.7

Relationship Status (%)

 Married/Common Law 8.7 23.1

 Divorced/Separated 13.0 3.8

 Never Married 78.3 73.1

Current Mediation Use (%) 27.3 28.0

Past Treatment for SAD (%) 43.5 57.7

Note. Standard deviations in parentheses. SAD = social anxiety disorder.
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Table 3

Effect sizes for the treatment outcome variables for treatment completers.

Variable

Effect size

Within-group a

Between-group bIMP ICC

Social Interpretation Bias

 Threat Endorsement 1.91 0.79 0.92

 Benign Endorsement 1.76 0.35 1.30

General (Non-social) Interpretation Bias

 Threat Endorsement 1.97 0.59 1.29

 Benign Endorsement 1.39 0.17 1.22

Social Anxiety

 LSAS 1.95 0.61 1.05

 SPAI 1.23 1.29 0.17

Functional Impairment

 SDS 1.52 0.99 0.80

Emotional Distress

 BDI-II 1.62 0.48 0.83

 STAI-T 1.35 0.72 0.66

Note. IMP: Interpretation Modification Program; ICC: Interpretation Control Condition; LSAS: Liebowitz Social Anxiety Scale; SPAI: Social
Phobia and Anxiety Inventory; SDS: The Sheehan Disability Scale; BDI-II: The Beck Depression Inventory II; STAI-T: The State Trait Anxiety
Inventory – Trait.

a
Within group pre- to post-treatment effect sizes = [(pre-treatment mean – post-treatment mean)/pre-treatment standard deviation)].

b
Between-group controlled effect sizes = [(post-assessment ICC covariance adjusted mean – post-assessment IMP covariance adjusted mean)]/

pooled standard deviation.
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Appendix

Sample interpretation assessment and training materials.

Threat word Benign word Ambiguous sentence

Social

Criticize Praise Your boss wants to meet with you.

Embarrassing Funny People laugh after something you said.

Mad Distracted A friend does not respond when you wave hello.

Ugly Attractive An old friend comments on how you look different now.

Non-social Tumor Height The doctor examined your growth.

Broke Wealthy Your bank statement is surprising.

Panicky Exercise Your heart is beating very quickly.

Sick Hot Your face feels sweaty.
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