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Cognitive-behavioral therapy (CBT) for social anxiety disorder (SAD) may decrease social anxiety by
training emotion regulation skills. This randomized controlled trial of CBT for SAD examined changes in
weekly frequency and success of cognitive reappraisal and expressive suppression, as well as weekly
intensity of social anxiety among patients receiving 16 weekly sessions of individual CBT. We expected
these variables to (1) differ from pre-to-post-CBT vs. Waitlist, (2) have differential trajectories during CBT,
and (3) covary during CBT. We also expected that weekly changes in emotion regulation would predict
(4) subsequent weekly changes in social anxiety, and (5) changes in social anxiety both during and postCBT. Compared to Waitlist, CBT increased cognitive reappraisal frequency and success, decreased social
anxiety, but had no impact on expressive suppression. During CBT, weekly cognitive reappraisal frequency and success increased, whereas weekly expressive suppression frequency and social anxiety
decreased. Weekly decreases in social anxiety were associated with concurrent increases in reappraisal
success and decreases in suppression frequency. Granger causality analysis showed that only reappraisal
success increases predicted decreases in subsequent social anxiety during CBT. Reappraisal success increases pre-to-post-CBT predicted reductions in social anxiety symptom severity post-CBT. The trajectory
of weekly changes in emotion regulation strategies may help clinicians understand whether CBT is
effective and predict decreases in social anxiety.
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Introduction
Three decades ago, David Barlow and colleagues suggested
several compelling reasons to measure change during therapy
(Barlow, Hayes, & Nelson, 1984). One reason is that more reﬁned
assessment of change in a patient’s psychological functioning
during treatment provides the opportunity to modify speciﬁc
treatment components or to shift the type of treatment being
offered. Another reason is that such a focus is needed to advance
our understanding of how, why, and for whom these clinical interventions work. A third reason is that more reﬁned measurements of change during therapy may lead to greater accountability
in how clinicians deliver and assess treatments they provide and
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may empirically elucidate for patients, insurance companies, and
governmental agencies the efﬁcacy of psychotherapy.
Despite this urgent call for research on change processes during
therapy, the empirical record of measuring change during therapy is
still quite slim. Cognitive-behavioral therapy (CBT) is one of the best
validated psychosocial interventions for psychological disorders
(Butler, Chapman, Forman, & Beck, 2006), especially mood and
anxiety disorders (Hofmann & Smits, 2008). Although change in
emotion regulation processes has been proposed as one key
mechanism of action in CBT for mood and anxiety disorders
(Campbell-Sills & Barlow, 2007; Hofmann, Sawyer, Fang, & Asnaani,
2012), the session-to-session changes in emotion regulation and
their relation to changes in clinical symptoms are still not well
understood.
One psychological disorder in which emotion regulation processes have been examined is social anxiety disorder (SAD) (Goldin,
Manber, Hakimi, Canli, & Gross, 2009; Goldin, Manber-Ball, Werner,
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Heimberg, & Gross, 2009; Werner, Goldin, Ball, Heimberg, & Gross,
2011). SAD is highly prevalent (12%; Kessler et al., 2005), usually
begins early in life, well before the onset of other anxiety disorders,
substance use, and major depression (Otto et al., 2001), and is
associated with signiﬁcant impairment in social, educational, and
occupational functioning (Acarturk, Graaf, Straten, Have, & Cuijpers,
2008; Stein & Kean, 2000). SAD is characterized by excessive fear of
humiliation and embarrassment in social evaluative situations
(Stein & Stein, 2008), exaggerated emotional reactivity, and a
maladaptive emotion-regulation proﬁle characterized by relatively
high levels of generally maladaptive forms of emotion regulation
such as expressive suppression, and relatively low levels of generally adaptive forms of emotion regulation such as cognitive reappraisal (Goldin, Manber, et al., 2009; Goldin, Manber-Ball, et al.,
2009). Thus, SAD can be viewed as involving problematic cognitioneemotion interactions that persist unless treated (Bruce et al.,
2005).
Both group (Heimberg & Becker, 2002) and individual (Clark
et al., 2003; Clark et al., 2006; Goldin et al., 2012; Hope,
Heimberg, Juster, & Turk, 2000; Ledley et al., 2009) formats of
CBT have demonstrated efﬁcacy as psychosocial interventions for
SAD with similar levels of clinically signiﬁcant change in social
anxiety symptom severity (Goldin et al., 2012; Moscovitch et al.,
2012). Because not all patients achieve clinically signiﬁcant
reduction of social anxiety symptoms, however, there is clearly a
need to better understand what changes are occurring during CBT
that relate to treatment outcome. Prior studies have shown changes
in several cognitive processes during CBT for SAD, including
changes in probability bias for negative social events (Smits,
Rosenﬁeld, McDonald, & Telch, 2006), estimated probability and
estimated cost of negative social events, safety behaviors (Hoffart,
Borge, Sexton, & Clark, 2009), anticipated aversive social outcomes (Hofmann, 2004), positive and negative self-views (Goldin
et al., 2013), interpersonal core beliefs (Boden et al., 2012), and
cognitive reappraisal self-efﬁcacy (Goldin et al., 2012). What has
not been reported to date, however, is how cognitive processes
(speciﬁcally cognitive reappraisal and expressive suppression)
change weekly during treatment, and whether they predict weekly
changes in social anxiety and CBT outcome. This is important given
the proposed role of emotion regulation in the etiology, maintenance, and treatment of most forms of psychopathology (CampbellSills & Barlow, 2007; Hofmann et al., 2012).
To investigate this proposed mechanism of action underlying
CBT for SAD, clinical treatment studies have begun to quantify
changes in speciﬁc emotion regulation processes during treatment in patients with SAD. Using the Emotion Regulation Questionnaire (ERQ; Gross & John, 2003), which measures the
frequency of use of cognitive reappraisal and expressive suppression, Moscovitch and colleagues (Moscovitch et al., 2012)
found that (a) group CBT led to linear increases in the habitual
use of cognitive reappraisal but no changes in the use of
expressive suppression, and (b) pre-to-mid-CBT increases in use
of cognitive reappraisal were correlated with pre-to-post-CBT
decreases in social anxiety symptoms. Using a more recently
developed variant of the ERQ designed to assess emotion regulation self-efﬁcacy (Goldin, Manber-Ball, et al., 2009), Goldin et al.
(2012) found that the impact of individual CBT for SAD on
reduction of social anxiety symptom severity was mediated by
increases in cognitive reappraisal self-efﬁcacy. These two studies
provide initial empirical support for the role of change in emotion
regulation during CBT for SAD. However, notwithstanding the
imperative to elucidate the mechanisms of treatments by
measuring change during therapy (Barlow et al., 1984), no studies
have measured weekly change trajectories in emotion regulation
processes and social anxiety symptoms throughout CBT for SAD.

Our goal in the present study was to investigate changes in the
frequency and success of use of cognitive reappraisal and expressive suppression, as well as changes in social anxiety, during CBT for
SAD. Hypothesis 1: From pre-to-post-treatment, we expected that,
compared to a waitlist condition (WL), CBT for SAD would result in
greater increases in the frequency and success of cognitive reappraisal, greater decreases in the frequency of expressive suppression, and greater decreases in social anxiety. Hypothesis 2: Across 16
sessions of CBT, we expected a linear trajectory of increases in the
weekly frequency and success of cognitive reappraisal, decreases in
the frequency of expressive suppression, and decreases in social
anxiety. Hypothesis 3: During CBT, we expected that increases in
cognitive reappraisal (both the frequency and success) would covary
inversely with social anxiety. Hypothesis 4: Using Granger causality
analysis, we expected that changes in weekly cognitive reappraisal
would predict subsequent weekly social anxiety during CBT.
Hypothesis 5: We expected that increases in both the frequency
and success of cognitive reappraisal during CBT, as well as greater
inverse covariation of social anxiety with both frequency and success in cognitive reappraisal would predict pre-to-post-CBT decreases in social anxiety.
Methods
Participants
From 436 individuals assessed for eligibility, 110 were administered the Anxiety Disorders Interview Schedule for the DSM-IVLifetime version (ADIS-IV-L); (Di Nardo, Brown, & Barlow, 1994)
to determine whether they fulﬁlled DSM-IV (American Psychiatric
Association, 1994) criteria for a principal diagnosis of generalized
SAD (see CONSORT Figure in Goldin et al., 2012). With regard to
exclusion criteria, because participants were part of a larger fMRI
study, they had to pass a magnetic resonance safety screen, be
right-handed as assessed by the Edinburgh Handedness Inventory
(Oldﬁeld, 1971), and could not report current pharmacotherapy or
psychotherapy, past CBT, or history of neurological or cardiovascular disorders that might impact cerebral blood ﬂow or psychological functioning. Excluding 26 individuals who did not meet
diagnostic criteria and 9 with incomplete baseline assessments, 75
patients were randomly assigned to either immediate CBT (n ¼ 38)
or a WL control group (n ¼ 37) who were subsequently offered CBT
after the waiting period. Dropout rates did not differ for CBT (n ¼ 6;
16%) and WL (n ¼ 5; 14%). In total, 57 patients completed CBT.
Procedure
Participants had to pass a telephone screening before scheduling a face-to-face clinical interview based on the ADIS-IV-L. After
all baseline assessments were completed, patients were randomly
assigned to immediate CBT or WL as determined by Efron’s biased
coin randomization procedure (Efron, 1971) which supports
approximately equal sample sizes throughout the duration of a
clinical trial. CBT was provided at no charge. Participants provided
written informed consent in accordance with the Institutional Review Board at Stanford University.
Weekly measures of emotion regulation and social anxiety
To investigate weekly changes in emotion regulation and social
anxiety during CBT, we obtained weekly repeated measurements of
clinical symptoms and emotion regulation processes during treatment of SAD. We assessed weekly frequency and successful use of
cognitive reappraisal and expressive suppression on a scale from 0%
to 100% of the time during social situations encountered during the
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past week. As shown in Appendix, we described cognitive reappraisal frequency as “How often did you try to change the way you
were thinking about the situation you were in?” and reappraisal
success as “When you tried to change the way you were thinking, how
successful was this strategy at decreasing your anxiety?” Expressive
suppression frequency was deﬁned as “How often did you try to hide
all visible signs of your anxiety?” and suppression success as “When
you tried to hide your anxiety, how successful was this strategy at
fooling others?” The assessment of weekly social anxiety consisted of
ratings of social anxiety intensity, distress, and interference with
functioning from 0 (not at all) to 100 (severe) during the last week.
Patients completed this assessment along with additional items
that will be reported elsewhere at baseline, weekly during CBT,
monthly during WL, and immediately post-CBT/WL.
Baseline and post-treatment measure of social anxiety
The baseline and post-treatment measure of social anxiety
symptom severity is the 24-item Liebowitz Social Anxiety Scale-SelfReport (LSAS-SR; Fresco et al., 2001; Liebowitz, 1987). It uses a 4point Likert-type scale to obtain ratings of fear and of avoidance,
with a range from 0 (none and never, respectively) to 3 (severe and
usually, respectively) for 11 social interaction situations and 13
performance situations during the past week. Ratings are summed
for a total LSAS-SR score (range ¼ 0e144). The LSAS-SR has good
reliability and construct validity (Rytwinski et al., 2009), and its
internal consistency was excellent at baseline in this study (Cronbach’s alpha ¼ .91).
Individual-cognitive-behavioral therapy for SAD
Managing Social Anxiety: A Cognitive-Behavioral Therapy
Approach is a manualized 16 sessions individual treatment protocol
which includes a therapist guide (Hope, Heimberg, & Turk, 2006)
and a client workbook (Hope et al., 2000). The early phase (sessions
1e6) of CBT covered psychoeducation about SAD, orientation to
CBT, and cognitive restructuring training. The latter phase (sessions
7e16) of CBT included graduated exposure to feared social situations within session and as homework, examination and modiﬁcation of core beliefs, and relapse prevention and termination. For
this study, all four therapists achieved proﬁciency in implementing
CBT prior to treating study participants, were trained by and had
weekly group supervision with Dr. Heimberg, an expert in CBT for
SAD and one of the principal developers of the CBT protocol, and
met treatment adherence criteria over the course of the study (for
details see Goldin et al., 2012).
Statistical analyses
Approximately 20% (15/75) of patients had some weekly data
that were missing at random due to incomplete responses (e.g.,
patient forgot to complete, was sick, on vacation, etc.). To examine
whether missing data could be predicted, we conducted logistic
regression analyses that showed that clinical (e.g., immediate or
delayed CBT, CBT responder based on LSAS-SR, age at SAD symptom
onset, duration of SAD) and demographic (e.g., gender, ethnicity,
age) variables did not predict the likelihood of having a missing
data pattern (0 ¼ not missing, 1 ¼ missing) at p < .05. Missing
values were imputed using full-information maximum likelihood
estimation procedures, which generate unbiased parameter estimates and standard errors using all available observations for data
missing at random (Enders, 2001).
For Hypothesis 1, to determine whether CBT vs. WL differentially affected emotion regulation and social anxiety, we conducted an intent-to-treat analysis that used between-group t-
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tests on pre-to-post-CBT/WL change scores. We report effect sizes
as partial eta2 (h2p) (Pierce, Block, & Aguinis, 2004). For the analysis of weekly changes and covariation of emotion regulation and
social anxiety during CBT, we ﬁrst determined empirically
whether we could combine data from patients randomized to
immediate CBT and those who completed CBT after WL. To do
this, we implemented univariate multilevel models with treatment group as a predictor of the weekly trajectories (i.e., random
slopes, g) of emotion regulation and social anxiety. This analysis
yielded no signiﬁcant immediate CBT vs. CBT after WL group
differences in the weekly slopes of reappraisal frequency (g ¼ .14,
SE ¼ .38, p > .05), reappraisal success (g ¼ .82, SE ¼ .44, p > .05),
suppression frequency (g ¼ .12, SE ¼ .51, p > .05), suppression
success (g ¼ .76, SE ¼ .45, p > .05) or social anxiety (g ¼ .39,
SE ¼ .34, p > .05). Thus, we combined data from both groups for
analyses that examined the impact of CBT on weekly trajectories
of emotion regulation and social anxiety. Increasing the sample
size provided greater power to generate more reliable estimates
of the trajectories during CBT.
For Hypothesis 2, we conducted a series of conﬁrmatory factor
analyses in Mplus v.6.1 (Muthén & Muthén, 1998e2010) to test
using well-known procedures and criteria (Brown, 2006;
Meredith, 1993) whether the pattern of change from baseline to
post-CBT was statistically equivalent (i.e., measurement invariance) for four emotion regulation variables and, separately, three
social anxiety variables. We applied a series of models that ranged
from unconstrained to more restricted, with each model imposing
successive equality constraints on the corresponding factor loadings and intercepts. The resulting change in model ﬁt was evaluated by comparing Comparative Fit Index (CFI) and Root Mean
Square Error of Approximation (RMSEA) indices (Cheung &
Rensvold, 2002; Little, Preacher, Selig, & Card, 2007). Given the
large number of measurement time points (18 time points: baseline, sessions 1e16, and immediately post-CBT), we selected 4
critical and equally spaced time points (baseline, week 5, week 11,
and immediately post-CBT) to test invariance in the pattern of
change over time.
For emotion regulation processes, the conﬁrmatory factor
analysis found non-equivalence in the temporal trajectories,
indicating that we could not combine cognitive reappraisal and
expressive suppression frequency and success variables into a
single construct (Supplemental Table 1). Thus, we examined the
trajectories of the four emotion regulation variables separately. In
contrast, the conﬁrmatory factor analyses showed equivalent
trajectories for social anxiety, meaning that the same constructs
were being assessed by the three indicators of social anxiety
across time (Supplemental Table 2). Thus, we computed the mean
of the three social anxiety indicators as a composite variable for
use in all subsequent analyses. To investigate the slope of the
emotion regulation processes across CBT, we implemented a
curve-estimation analysis to compare linear, quadratic and cubic
slopes.
For Hypothesis 3, to examine the longitudinal relationships
(i.e., covariation across time) between weekly emotion regulation
and social anxiety, we implemented multivariate multilevel
models. Multilevel modeling (MLM) is an extension of the general
linear model and facilitates analysis of hierarchically structured
data (e.g., weekly emotion regulation ratings nested within
participant) by directly modeling the clustering as level-speciﬁc
orthogonal components (e.g., between- and within-persons).
This approach allows for lower-level parameters (e.g., intercept
and slope coefﬁcients) to vary across higher-level units (e.g., individuals), yields unbiased standard errors (avoiding Type I errors) and estimates of variance explained (R2), and allows for
testing of complex hypotheses (see Hox (2002) and Snijders and
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Bosker (1999) for an in-depth review of the MLM framework and
speciﬁcation). Multivariate multilevel models can be used to
examine relationships between patterns of change in two (or
more) clustered variables (Goldstein, 1995; Hertzog &
Nesselroade, 2003; MacCallum, Kim, Malarkey, & KielcoltGlasser, 1997; Willett & Sayer, 1994). Multivariate models can
test multiple hypotheses simultaneously (e.g., examining treatment effects on two outcomes, reappraisal frequency and success)
and estimate the correlation between growth trajectories (e.g., of
emotion regulation and social anxiety) in a single model. This
multivariate approach is more powerful (compared to univariate
analyses), particularly when the two outcomes are correlated and
have different patterns of missing data (see Raudenbush & Bryk,
2002; Snijders & Bosker, 1999).
Four multivariate multilevel models were ﬁt, with each
modeling the covariation between the change in social anxiety
with change in one of 4 emotion regulation outcomes: reappraisal
frequency, reappraisal success, suppression frequency, and suppression success. Model speciﬁcation was as follows for the withinpersons and between-persons models:
Within-persons (Level 1):

Social Anxietyij ¼ b0j þ b1j ðWeekÞ þ e1ij ; AND
Emotion Regulation Outcomeij ¼ b2j þ b3j ðWeekÞ þ e2ij
The week of measurement was used to predict within-person
variance in social anxiety and emotion regulation outcomes at
week i for person j. b0j and b2j represent the conditional mean
outcome score (social anxiety or emotion regulation outcomes), b1j
and b3j represent the slope of the week predictor, and e1ij and e2ij
represent the within-persons random error. In addition, an autoregressive covariance matrix was speciﬁed to account for serial
dependency in repeated measures of trajectories; this approach
ensures that each dependent variable represents a change in relation to previous scores.
Between-persons (Level 2):

b0j ¼ g00 þ u0j
b1j ¼ g10 þ u1j
b2j ¼ g20 þ u2j
b3j ¼ g30 þ u3j
where, intercepts and slopes were speciﬁed as random (i.e., varying
across individuals; u0j, u1j, u2j, u3j) and hypothesized to be drawn
from a multivariate normal distribution with a mean vector of zero,
unknown variances (s00, s11, s22, s33) and covariances (social anxiety: s10; emotion regulation: s32; cross-domain: s20, s21, s30, s31). Our
primary interest was in examining the cross-domain slope covariance (s31) between the trajectories of emotion regulation and social
anxiety throughout 16 sessions of CBT.
For Hypothesis 4, we implemented a Granger causality analysis
to determine whether weekly ratings of emotion regulation at time
t  1 predicted weekly ratings of social anxiety at time t during CBT.
We also tested the inverse relationships (i.e., whether social anxiety
at time t  1 predicted emotion regulation at time t) to determine
speciﬁcity of prediction.
For Hypothesis 5, we used linear regression to determine
whether (1) changes in emotion regulation during CBT or (2)
covariation of weekly emotion regulation and social anxiety during
CBT predicted post-CBT social anxiety.

Results
Preliminary analyses
As reported previously (Goldin et al., 2012, 2013), patients in
the CBT and WL groups did not differ signiﬁcantly in gender, age,
education, ethnicity, income, marital status, current or past Axis I
comorbidity, past non-CBT psychotherapy or pharmacotherapy,
age at symptom onset, and years since symptom onset.
To investigate testeretest reliability of the weekly single-item
measures of frequency and success of reappraisal and expressive
suppression, we computed correlation coefﬁcients between adjacent pairs of the 5 measurement time points for the Waitlist group
(baseline, 1 month, 2 months, 3 months, post-Waitlist). The mean
testeretest correlation coefﬁcients across ﬁve time points for
reappraisal frequency (.69, range ¼ .49e.81) and success (.57,
range ¼ .46e.71), and expressive suppression frequency (.68,
range ¼ .47e.87) and success (.62) were adequate. The only nonsigniﬁcant testeretest correlation was for expressive suppression
success from baseline to 1 month. Fourteen of 16 correlation coefﬁcients were signiﬁcant at p < .009 or better. These results suggest overall signiﬁcant stability across the 5 measurement time
points during WL for the 1-item measures of the four emotion
regulation processes in an untreated group of patients with
generalized SAD.
Hypothesis 1 Pre-post CBT change
To address Hypothesis 1, we conducted between-group t-tests on
pre-to-post-CBT/WL change scores for emotion regulation and social
anxiety. For emotion regulation, compared to WL, CBT resulted in
greater increases in reappraisal frequency (DCBT, Mean  SD:
22.3  31.0 vs. DWL: 4.7  27.2; t73 ¼ 2.60, p ¼ .011, h2p ¼ .09) and
reappraisal success (DCBT: 33.6  30.0 vs. DWL: 9.4  29.4; t73 ¼ 3.52,
p ¼ .001, h2p ¼ .15), but no group differences in suppression frequency
(DCBT: 11.8  37.5 vs. DWL: 2.2  24.3; t73 ¼ 1.30, p ¼ .20, h2p ¼ .02)
or suppression success (DCBT: 0.8  27.9 vs. DWL: 5.8  28.5; t73 ¼ 0.78,
p ¼ .44, h2p ¼ .01). For social anxiety, compared to WL, CBT resulted in
greater decreases (DCBT: 30.4  26.6 vs. DWL: 8.2  12.4;
t73 ¼ 4.64, p < .001, h2p ¼ .23).
Hypothesis 2 Trajectories of change during CBT
Multivariate multilevel models were used to address Hypothesis
2. As shown in Figs. 1 and 2, there were increases during 16 sessions
of CBT in reappraisal frequency (g ¼ 1.26, SE ¼ .18, p < .01) and
reappraisal success (g ¼ 1.94, SE ¼ .21, p < .01), decreases in suppression frequency (g ¼ 1.17, SE ¼ .24, p < .01), but no change in
suppression success (g ¼ .31, SE ¼ .21, p ¼ .14). As shown in Fig. 3,
social anxiety decreased throughout CBT (g ¼ 1.64, SE ¼ .16,
p < .01). To characterize the slope that best ﬁt each group mean
emotion regulation time series, we conducted a follow-up curve
estimation analysis using a Bonferroni corrected p-value of .01. This
revealed that a cubic slope ﬁt reappraisal frequency (R2 ¼ .88,
F(3,14) ¼ 33.08, p < .001), a quadratic slope ﬁt reappraisal success
(R2 ¼ .96, F(2,15) ¼ 165.26, p < .001), a quadratic slope ﬁt suppression frequency (R2 ¼ .84, F(2,15) ¼ 38.24, p < .001), and there
was no ﬁt for suppression success (all ps > .05).
Hypothesis 3 Response covariation during CBT
To address Hypothesis 3, we used multivariate multilevel
models to identify patterns of signiﬁcant covariation in weekly
emotion regulation and social anxiety across 16 sessions of CBT.
Increases in reappraisal success were related to decreases in social
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Fig. 3. Trajectories of social anxiety during cognitive-behavioral therapy (CBT) and
waitlist (WL) conditions.

Hypothesis 5 Predicting CBT outcomes

Fig. 1. Trajectories of cognitive reappraisal frequency and success during cognitivebehavioral therapy (CBT) and waitlist (WL) conditions.

anxiety (r ¼ .54, p < .05). Decreases in suppression frequency were
also related to decreases in social anxiety (r ¼ .52, p < .05). None of
the other pairwise associations were signiﬁcant (all ps > .05).
Hypothesis 4 Weekly changes in emotion regulation to predict
subsequent social anxiety
For Hypothesis 4, a Granger causality analysis indicated that
weekly ratings of reappraisal success predicted subsequent weekly
ratings of social anxiety (unstandardized beta ¼ 1.02, SE ¼ .36,
standardized beta ¼ .98, t ¼ 2.81, p ¼ .01; F(1,15) ¼ 8.44, p ¼ .01,
DR2 ¼ .07). There was no evidence that social anxiety predicted
subsequent reappraisal success (F(1,15) ¼ .02, p > .05), reappraisal
frequency predicted subsequent social anxiety (F(1,15) ¼ 1.85,
p > .05), social anxiety predicted subsequent reappraisal frequency
(F(1,15) ¼ 1.41, p > .05), or expressive suppression frequency or
success predicted subsequent social anxiety (all Fs < 2.33, ps > .05).
These results suggest a single speciﬁc unidirectional predictive
relationship characterized by increases in weekly reappraisal success predicting subsequent decreases in weekly social anxiety across
16 weekly sessions of CBT for SAD.

To address Hypothesis 5, we implemented a linear regression to
predict post-CBT decreases in social anxiety symptom severity
(LSAS-SR). After controlling for baseline LSAS-SR, only pre-to-postCBT increases in reappraisal success, but not in reappraisal frequency
(p > .08) or suppression frequency (p > .17), predicted post-CBT
LSAS-SR (unique variance explained: DR2 ¼ .10, standardized
b ¼ .33, F1,51 ¼ 6.3, p ¼ .02). A follow-up analysis showed that
LSAS-SR reduction post-CBT was associated with reappraisal success
both during the early phase of CBT (psychoeducation and cognitive
restructuring training during sessions 1 to 6; r(32) ¼ .41, p ¼ .02)
and during the later phase of CBT (exposure þ cognitive restructuring during sessions 7e16; r(32) ¼ .58, p < .001).
We also investigated whether covariation of emotion regulation
and social anxiety trajectories predicted improvement in LSAS-SR
post-CBT. A linear regression showed that, after controlling for
baseline social anxiety symptom severity, weekly social anxiety,
and weekly reappraisal success, greater inverse covariation of
reappraisal success and social anxiety trajectories during CBT
signiﬁcantly predicted reductions in LSAS-SR post-CBT (DR2 ¼ .07,
standardized b ¼ .32, F(1,15) ¼ 6.74, p ¼ .012). All other covariation
relationships were not predictive (all ps > .05).
Discussion
Heeding the directive to measure change during treatment issued by (Barlow et al., 1984) three decades ago, the primary goal of
this study was to investigate whether CBT induces changes in
emotion regulation processes that have been proposed as factors
that inﬂuence clinical symptoms in patients with SAD. CBT for SAD
led to changes in weekly cognitive reappraisal and expressive suppression that were related to reductions in weekly social anxiety, as
well as cognitive reappraisal success that predicted reductions in
social anxiety one week later during CBT, and predicted reductions
in social anxiety symptom severity post-CBT.
Weekly changes in emotion regulation and anxiety

Fig. 2. Trajectories of expressive suppression frequency and success during cognitivebehavioral therapy (CBT) and waitlist (WL) conditions.

With regard to pre-to-post-CBT changes (Hypothesis 1),
compared to WL, CBT yielded greater reappraisal frequency and
reappraisal success, no changes in expressive suppression, and reductions in social anxiety. These results converge with prior studies
that have reported pre-to-post-CBT increases in the use of cognitive
reappraisal, no change in expressive suppression, and decreases in
social anxiety symptoms (Moscovitch et al., 2012). This ﬁnding was
extended and reﬁned when we investigated the trajectories of
emotion regulation and social anxiety across 16 weekly sessions of
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CBT using multilevel modeling of longitudinal data (Hypothesis 2).
This analysis revealed that reappraisal frequency and reappraisal
success increased, suppression frequency decreased, suppression
success did not change, and social anxiety decreased during the
course of treatment. The additional ﬁnding of decreases in suppression frequency during CBT is likely related to the enhanced
statistical power and sensitivity provided by the multilevel
modeling approach.
We expected linear weekly changes in emotion regulation
during CBT. A curve estimation analysis, however, did not ﬁnd that
a linear slope was the optimal ﬁt for any of the four emotion
regulation processes. Instead, curve estimation indicated that a
cubic slope ﬁt reappraisal frequency, which appears to have three
waves of increases, as shown in Fig. 1, including one during the
early phase of CBT (psychoeducation and cognitive restructuring
training) and two during that later phase of CBT (exposure plus
cognitive restructuring). A quadratic slope best ﬁr reappraisal success which peaked during the end of the series of exposures during
the later phase of CBT. In contrast, the quadratic slope that best ﬁt
suppression frequency, as shown in Fig. 2, shows a temporary increase in suppression frequency during the ﬁrst few exposure
sessions (sessions 7e11), followed by a reduction in subsequent
exposure sessions (12e16). No particular slope ﬁt expressive suppression success. These patterns of change indicate differential
rates of change in reappraisal and suppression processes during the
different phases of CBT. Because this was a post hoc analysis, future
research should further examine slope differences in emotion
regulation process and investigate mechanisms that might account
for these differences.
Cognitive-behavioral models suggest that CBT should increase
the use of adaptive cognitive reappraisal and decrease the use
maladaptive expressive suppression. Findings in our study support
this notion. These changes should enhance the probability of having a successful experience when implementing reappraisal both
within and between therapy sessions. However, it is important to
note that greater frequency of utilizing a reappraisal strategy does
not necessarily lead to greater success when implementing reappraisal. For patients, reappraisal success most likely depends on a
combination of (a) the skill of the psychotherapist in carefully
tailoring a progression of exposures which optimally supports
learning and self-efﬁcacy in each patient, and (b) the willingness
and tenacity of the patient in implementing reappraisal of
emotional reactions. Most likely because of the emphasis on
emotion awareness, emotion expression and cognitive restructuring during CBT, expressive suppression (i.e., not showing and
actively sharing one’s emotions with others) decreased in frequency during CBT. This pattern of changes supports models that
suggest that CBT facilitates a shift to more adaptive emotion
regulation, speciﬁcally, lesser reliance on expressive suppression
and greater implementation of cognitive reappraisal as the predominant method for working with emotions.
To better understand the dynamic relationship between
emotion regulation processes and social anxiety, we examined (a)
covariation of emotion regulation and social anxiety measured
weekly over the course of CBT (Hypothesis 3), as well as (b)
whether weekly changes in emotion regulation predicted subsequent changes in weekly social anxiety using Granger causality
analyses (Hypothesis 4). The covariation analyses showed that
weekly increases in reappraisal success and decreases in expressive
suppression frequency were both related to decreases in weekly
social anxiety. Whereas increase in the use of reappraisal during
treatment has been linked to improved treatment outcome
(Moscovitch et al., 2012), our ﬁndings show, using a more reﬁned
temporal analysis, that increases in self-reported success when
implementing reappraisal (and not reappraisal frequency) were

related to reductions in social anxiety during CBT. This suggests that
in the case of CBT for SAD, how effectively a patient believes she/he
implements reappraisal may be more informative than the number
of times a patient actually implements reappraisal when faced with
an anxiety inducing social situation. However, in contrast, reduction in expressive suppression frequency, which may be characterized as a form of intentional avoidance of social interaction, but not
suppression success, was related to reductions in social anxiety
during CBT. These ﬁndings support models of SAD that suggest
enhancing reappraisal and reducing avoidance/suppression are
likely mechanisms of change in CBT for SAD.
The Granger causality analysis demonstrated that only weekly
reappraisal success predicted subsequent weekly social anxiety
during CBT. The inverse was not signiﬁcant. This ﬁnding of unidirectional prediction provides further support that CBT may alter the
client’s beliefs as well as actual success in implementing reappraisal
to reduce anxiety during treatment. That reappraisal frequency and
expressive suppression frequency and success were not predictive
of subsequent changes in social anxiety provides speciﬁcity for the
importance of reappraisal success. With regard to identifying
whether changes during CBT are related to post-CBT clinical outcomes, our ﬁnal analysis revealed that only (a) increases in reappraisal success during CBT, and (b) greater inverse covariation of
reappraisal success and social anxiety during CBT predicted post-CBT
social anxiety symptom severity reduction in the LSAS-SR
(Hypothesis 5).
Mechanisms of action in CBT for SAD
Findings from this study highlight two distinct mechanisms by
which CBT may ameliorate social anxiety. One involves an increase
in reappraisal success. The second involves a decrease in expressive
suppression frequency.
In this context, reappraisal is an approach-oriented behavior
characterized by applying logic, thinking, reframing, language,
perspective-taking, and meaning-making to modify the salience of
an emotion-inducing cue. Reappraisal involves a sequence of
cognitive processes: appraising a cue, assessing its general value
and personal salience, generating possible alternative interpretations of the cue and context, selecting one, monitoring how
effectively it modulates emotional reactivity, and then sustaining or
terminating the implementation of that interpretation. Obviously,
this is a highly complex and cognitively rich set of component
processes that involves a high degree of coordination and skill. In
contrast, expressive suppression is essentially a withdrawal or
avoidance orientation that involves inhibitory control processes
characterized by actively shutting off any verbal (e.g., spoken,
written) and non-verbal (e.g., facial expression, body posture, hand
gestures) forms of communicating with others. Patients with SAD
live a life that consistently reinforces expressive suppression and
precludes cognitive reappraisal. There are many reasons for this,
including suppression being less effortful, more familiar, and
requiring less skill than reappraisal, as well as SAD patients having a
greater wish to hide visible physiological indicators of anxiety (e.g.,
blushing, trembling, sweating) which they interpret as signs of
weakness and vulnerability. This pattern of maladaptive emotion
regulation becomes an engrained habit and a mode of being that
leads to withdrawal and self-protection in the midst of others,
silence, fear, myriad forms of avoidance, and invisible suffering.
The prediction analyses provided more support for the importance of changes in cognitive reappraisal success during CBT. Increases in the trajectory of self-reported reappraisal success during
CBT were related to decreases in two indicators of social anxiety:
social anxiety measured weekly during CBT and severity of social
anxiety symptoms measured immediately post-CBT. Of the
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emotion regulation processes measured in this study, only selfreported reappraisal success was a signiﬁcant predictor of reduction of severity of social anxiety symptoms post-CBT. This ﬁnding
highlights the importance of identifying the factors that contribute
to perceived reappraisal success within therapy sessions, between
sessions, and following treatment.
Whereas several studies have identiﬁed appraisal processes that
predict outcome of CBT for SAD, including changes in negative
evaluation of anticipated aversive social outcomes, social fear, selffocus, safety behaviors, and loss of control (Hoffart et al., 2009;
Hofmann, 2004; Moscovitch, Hofmann, Suvak, & In-Albon, 2005;
Vogele et al., 2010), the only study to examine cognitive reappraisal
processes found that changes in cognitive reappraisal self-efﬁcacy
during CBT mediated treatment outcome (Goldin et al., 2012).
Cognitive reappraisal self-efﬁcacy is a global measure of a person’s
belief in his or her ability to implement reappraisal when needed.
In contrast, cognitive reappraisal success, as assessed in the current
study, measures the patient’s self-perception of how effectively she
implemented reappraisal of social anxiety in social situations during the preceding week. This is a much more speciﬁc measure than
global reappraisal self-efﬁcacy. Thus, there is mounting evidence
that CBT impacts cognitive reappraisal processes that inﬂuence
social anxiety both during and post-CBT. These ﬁndings provide
further empirical evidence for theoretical models that identify
changes in emotion regulation processes as key factors underlying
the effectiveness of CBT for mood and anxiety disorders (CampbellSills & Barlow, 2007).
Implications for practice
Given the ﬁndings from this study, weekly evaluation of selfreported cognitive reappraisal success could provide the clinician
an empirical basis for determining whether or not the trajectory
from baseline to each assessment point indicates that the clinical
intervention is on target to produce reductions in social anxiety
symptoms. If not, then the clinician may want to modify the
intervention (a) to create the conditions for more occasions of
successful reappraisal both within and outside of therapy sessions,
and (b) enhance the patient’s awareness of when she has, in fact,
successfully implemented reappraisal strategies. This may involve
focusing on less intense and more manageable exposures that
result in sufﬁcient numbers of reappraisals that are deemed successful in reducing toxic emotional reactions to social cues.
Furthermore, our ﬁndings suggest that perceived quality (i.e., successful implementation or effectiveness), not quantity (i.e., frequency) of reappraisal may be more important for improved
clinical outcomes.
Limitations
The current study focused on weekly changes during individual
CBT in emotion regulation and social anxiety in patients with
generalized SAD. Because we report only self-reported weekly frequency and success of cognitive reappraisal and of expressive suppression, conclusions are limited to these speciﬁc emotion
regulation processes, temporal resolution, and mode of measurement. We focused on whether changes in each emotion regulation
process predicted changes in social anxiety. Future studies may
beneﬁt from investigating whether the ratio of reappraisal success
to frequency predicts treatment outcome. If so, this might suggest
that clinicians encourage patients to conduct as many reappraisals
as possible to increase the probability of successful ones and thus
reduce anxiety symptoms. Although we measured weekly success
in implementing reappraisal and expressive suppression, we should
note that the questions were not phrased in an identical manner,
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which may potentially contribute to the differential results for these
two emotion regulation success assessments. To obtain a greater
understanding of the impact of CBT, future studies could directly
compare additional types of emotion regulation (e.g., situation selection, situation modiﬁcation, attention deployment, acceptance)
with greater temporal resolution (e.g., daily measurements).
Another important limitation on the inferences drawn from the
current study relates to the use of one speciﬁc form of psychotherapy. Although individual and group formats of CBT for SAD
appear to be equally effective in randomized controlled trials
(Stangier, Heidenreich, Peitz, Lauterbach, & Clark, 2003), no studies
have investigated the differential impact of these two forms of CBT
for SAD on weekly changes in emotion regulation and social anxiety. Additionally, to understand the speciﬁcity of CBT effects on
weekly changes in emotion regulation, it will be helpful to
construct RCTs that directly compare weekly changes in different
types of clinical interventions for SAD, including applied relaxation
(Clark et al., 2006), internet-delivered CBT (Andersson, Carlbring, &
Furmark, 2012; Titov, Andrews, Choi, Schwencke, & Mahoney,
2008), online virtual acceptance-based behavioral therapy (Yuen
et al., 2013), interpersonal psychotherapy (Stangier, Schramm,
Heidenreich, Berger, & Clark, 2011), psychodynamic short-term
group treatment (Leichsenring et al., 2013), mindfulness-based
interventions (Goldin & Gross, 2010; Jazaieri, Goldin, Werner, Ziv,
& Gross, 2012; Piet, Hougaard, Hecksher, & Rosenberg, 2010).
The current study examined SAD because of its high prevalence
and the large percentage of patients who go untreated (80%; Grant
et al., 2005). Given that problems with emotion regulation are
considered to be a transdiagnostic feature of most mood and anxiety
disorders, future studies will beneﬁt from inclusions of patients with
other psychiatric disorders to determine if the changes observed in
this study are speciﬁc to patients with SAD or are generalizable
across multiple mood and anxiety disorders. It will also be important
to investigate the temporal dynamics of trajectories in emotion
regulation during transdiagnostic vs. diagnosis-speciﬁc CBT for
anxiety disorders (Norton & Barrera, 2012). Identifying speciﬁc
proﬁles of emotion regulation problems and how they change during therapy in different types of patients may inform current or
future treatment protocols and enhance the reduction of clinical
symptoms. More broadly, to achieve the goals of clinical science, we
will need to empirically determine for whom, when, why and how
our clinical interventions work, and continually enhance the
dissemination of our interventions to those in need.
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