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of negative peer evaluations (4). Moreover, social anxiety 
is related to elevated levels of self-criticism (12, 13).

No fMRI study of generalized social phobia has exam-
ined the response to actions that bring social disapproval. 
A variable modulating social disapproval is the transgres-
sor’s presumed intent (14). Unintentional conventional 
transgressions (e.g., accidentally choking and conse-
quently spitting out the host’s food) lead to displays of 
embarrassment that, it is argued, serve to indicate the 
absence of intent and a desire for appeasement (15). In 
contrast, intentional transgressions (e.g., spitting out the 
host’s unpalatable food) are not associated with embar-
rassment or other signs of appeasement. Rather, behavior 
in this situation refl ects the transgressor’s intent to chal-
lenge the social hierarchy (14).

Previous fMRI work with healthy adults has implicated 
ventromedial prefrontal cortex and temporo-parietal 
regions in the processing of conventional transgressions 
(14, 16, 17). These are regions implicated in self-referential 
processing and representations of the intentional states of 
others (18–20). In healthy individuals, this region responds 
to the occurrence of intentional, relative to unintentional, 

Generalized social phobia typically manifests in early 
adolescence and predicts risk for depression, substance 
abuse, and suicide (1–3). At the neural-network level, 
functional MRI (fMRI) studies of generalized social phobia 
fi nd atypically increased responses to social stimuli in the 
amygdala (4–7). In addition, recent studies also fi nd atypi-
cal activity in medial prefrontal cortex regions previously 
implicated in self-relevant processing (8–10; K.S. Blair et al., 
unpublished 2010 data).

Self-referential processing plays a critical role in regu-
lating interpersonal behavior. Self-referential processing 
occurs following social transgressions that result in harm-
less norm violations (e.g., spitting out food at a dinner 
party). An individual’s response to such transgressions 
refl ects their social calculations related to self-reference 
(i.e., “How will observers react to my behavior?”), and 
generalized social phobia involves perturbations in such 
social calculations. These perturbations manifest as 
heightened fear of social disapproval. Indeed, patients 
with generalized social phobia show anomalous neural 
(8; K.S. Blair et al., unpublished 2010 data) and autonomic 
(11) responses to verbal criticism and during anticipation 
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Objective: Little is known about the neu-
ral underpinnings of generalized social 
phobia, which is defi ned by a persistent 
heightened fear of social disapproval. Us-
ing event-related functional MRI (fMRI), 
the authors examined whether the intent 
of an event, which mediates the neural 
response to social disapproval in healthy 
individuals, differentially affects response 
in generalized social phobia.

Method: Sixteen patients with general-
ized social phobia and 16 healthy com-
parison subjects group-matched on age, 
gender, and IQ underwent fMRI scans 
while reading stories that involved neu-
tral social events, unintentional social 
transgressions (e.g., choking on food at a 
party and coughing it up), or intentional 
social transgressions (e.g., disliking food 
at a party and spitting it out).

Results: Signifi cant group-by-transgres-
sion interactions were observed in ven-
tral regions of the medial prefrontal cor-
tex. Healthy individuals tended to show 

increased blood-oxygen-level-dependent 
responses to intentional relative to un-
intentional transgressions. Patients with 
generalized social phobia, however, 
showed signifi cantly increased responses 
to the unintentional transgressions. They 
also rated the unintentional transgres-
sions as signifi cantly more embarrassing 
than did the comparison subjects. Results 
also revealed signifi cant group main ef-
fects in the amygdala and insula bilater-
ally, refl ecting elevated generalized social 
phobia responses in these regions to all 
event types.

Conclusions: These results further impli-
cate the medial prefrontal cortex in the 
pathophysiology of generalized social 
phobia, specifi cally through its involve-
ment in distorted self-referential process-
ing. These results also further underscore 
the extended role of the amygdala and 
insula in the processing of social stimuli 
more generally in generalized social 
 phobia.

Social Norm Processing in Adult Social Phobia: Atypically 
Increased Ventromedial Frontal Cortex Responsiveness 

to Unintentional (Embarrassing) Transgressions
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Participants with generalized social phobia had to meet DSM-
IV criteria for the disorder based on the Structured Clinical Inter-
view for DSM-IV Axis I Disorders (SCID) (22) and a confi rmatory 
clinical interview by a board-certifi ed psychiatrist (D.S.P.). No 
participant with generalized social phobia had any other axis 
I diagnoses; all had been medication free for at least 6 months. 
Healthy comparison subjects had no history of any psychiatric ill-
ness. All participants were in good physical health, as confi rmed 
by a complete physical examination, and all provided written 
informed consent.

As part of the assessment, all participants completed the 
Liebowitz Social Anxiety Scale–Self Report (23) and the Inventory 
of Depressive Symptomatology–Self Report (24). In addition, for 
the patients with generalized social phobia, the level of overall 
social, occupational, and psychological functioning was assessed 
by the Global Assessment of Functioning Scale. Scores on these 
measures characterized the generalized social phobia group as 
having moderate levels of social anxiety with mild associated 
impairment in functioning (Table 1).

Behavioral Task

Participants read stories (e.g., Joanna is invited for dinner at 
a friend’s house, she has a bite of the fi rst course, chews…) that 
could either involve a neutral social event (…and swallows the 
food), an unintentional transgression (…chokes and coughs up 
the food), or an intentional transgression (…dislikes it and spits 
out the food). Twenty-six different stem stories were used, each 
presented with the three different types of ending. Thus, a total 
of 78 endings were used. The three different types of ending were 
matched on number of letters and words, and care was taken to 
ensure that the framing of the comments was consistent across 
the three ending types. Prior to scanning, participants were told 
that they would read different stories and were instructed to 
imagine what they would feel like if they were in the situation 
described. For each story, participants were simply required to 
press a button with their left hand when they had read the story. 
Each stem comment was presented on its own for 3000 msec. The 
ending of the story would then appear underneath the stem, and 
the stem and ending (that is, the full story) would be shown on the 
screen together for 6000 msec. For each experimental run, 22 fi xa-
tion points of 3000 msec each were presented between the stimuli 
(fi ve at beginning of run, fi ve at end of run, and 12 randomized 
throughout the run), serving as an implicit baseline. Participants 
completed three randomly presented runs.

After echo-planar imaging (EPI) acquisition, participants 
rated each of the 78 individual stories, presented in a random-
ized order across participants, on a 5-point Likert scale according 
to how embarrassing they thought the behaviors were (1=not at 
all embarrassing; 3=somewhat embarrassing; and 5=extremely 

conventional social transgressions (14). This response is 
thought to refl ect heightened representation of the pro-
tagonist’s intent to challenge the social order (14, 17).

Generalized social phobia involves marked and persis-
tent fear of embarrassment, which might lead those with 
the disorder to frequently seek appeasement. A tendency 
to fear embarrassment and seek appeasement in gener-
alized social phobia might be refl ected in enhanced neu-
ral responses specifi cally to unintentional, potentially 
embarrassing, social transgressions (21). In this study, we 
tested this prediction using an adaptation of Berthoz et al. 
(14), whereby intentional transgressions, unintentional 
transgressions, and normative vignettes are presented to 
patients with generalized social phobia and healthy com-
parison subjects. Given generalized social phobia-related 
heightened propensity for embarrassment, coupled with 
prior imaging work in generalized social phobia, we 
expected that unintentional social transgressions, when 
presented to patients, would elicit increased activity in 
medial prefrontal cortex regions implicated in social cog-
nition (8, 10; K.S. Blair et al., unpublished 2010 data).

The amygdala and insula also appear hyperrespon-
sive in generalized social phobia to a range of negative 
social stimuli. However, unlike for the medial prefrontal 
cortex, this hypersensitivity manifests in many contexts 
(see references 6–8, for example). Thus, we also expected 
that patients with generalized social phobia would show 
greater response in these areas. However, unlike the medial 
prefrontal cortex, which might precisely code context 
for social transgressions, we expected the amygdala and 
insula to show hyperresponsivity to social stimuli regard-
less of context. This would be refl ected in a main effect of 
group, in the absence of group-by-condition interactions.

Method

Participants

Participants were 16 patients with generalized social phobia 
and 16 healthy comparison subjects, group-matched on age, gen-
der, and IQ (Table 1). Participants were recruited from advertise-
ments approved by the NIMH Institutional Review Board.

TABLE 1. Demographic and Clinical Characteristics of Participants in a Study of Social Norm Processing in Adult Social Phobia

Characteristic
Patients With Generalized 

Social Phobia (N=16)
Healthy Comparison 

Subjects (N=16) p

N % N %
Male  9   56.3  7    43.8 ns
Race ns
 Caucasian 13   81.3 14    87.5
 African American  3   18.8  2    12.5

Mean SD Mean SD
Age  35.1  9.60  30.0  8.37 ns
IQ 118.6  8.54 117.2  9.74 ns
Liebowitz Social Anxiety Scale–Self Report  67.1 23.43  16.2 11.65 <0.001
Inventory of Depressive Symptomatology–Self Report  11.0  7.20   5.1  3.50 <0.05
Global Assessment of Functioning Scale  61.3  5.34
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embarrassing). In addition, they rated the stories according 
to how inappropriate they thought the behaviors were (1=not 
at all inappropriate; 3=somewhat inappropriate; 5=extremely 
inappropriate).

fMRI Parameters

Whole-brain blood-oxygen-level-dependent (BOLD) fMRI data 
were acquired using a 1.5-T GE MRI scanner. After sagittal localiza-
tion, functional T

2
*-weighted images were acquired using an echo-

planar single-shot gradient echo pulse sequence (matrix=64×64 
mm, repetition time=3000 msec, echo time=30 msec, fi eld of 
view=240 mm, voxels=3.75×3.75×4 mm). Images were acquired in 
31 contiguous 4-mm axial slices per brain volume, with each run 
lasting 4 minutes 54 seconds. In the same session, a high-resolu-
tion T

1
-weighed anatomical image was acquired to aid with spatial 

normalization (three-dimensional spoiled gradient-recall acquisi-
tion in the steady state; repetition time=8.1 msec, echo time=3.2 
msec, fl ip angle=20°; fi eld of view=240 mm, 124 axial slices, thick-
ness=1.0 mm; 256×256 acquisition matrix).

Data were analyzed within the framework of the general linear 
model using AFNI (25). Both individual and group-level analy-
ses were conducted. The fi rst four volumes in each scan series, 
collected before equilibrium magnetization was reached, were 
discarded. Motion correction was performed by registering all 
volumes in the EPI data set to a volume collected close to acquisi-
tion of the high-resolution anatomical data set.

The EPI data sets for each participant were spatially smoothed 
(isotropic 6-mm kernel) to reduce variability among individuals 
and generate group maps. Next, the time-series data were normal-
ized by dividing the signal intensity of a voxel at each time point 
by the mean signal intensity of that voxel for each run and multi-
plying the result by 100, producing regression coeffi cients repre-
senting percent signal change. Regressors for the three comment 
categories (transgression: intentional, unintentional, none) were 
created by convolving the train of stimulus events with a gamma-
variate hemodynamic response function. Linear regression mod-
eling was performed using these regressors plus regressors for a 
fi rst-order baseline drift function. This produced for each voxel 
and each regressor a beta coeffi cient and its associated t statistic.

Voxel-wise group analyses involved the transformation of sin-
gle-subject beta coeffi cients into the standard coordinate space 
of Talairach and Tournoux (26). Subsequently, a 2×3 (group-by-
transgression) analysis of variance (ANOVA) was performed to 
produce statistical maps of the main effect of group and trans-
gression and group-by-transgression interaction (p<0.005). To 
correct for multiple comparisons for the whole-brain analysis at 
p<0.005, we performed a spatial clustering operation using Alpha-
Sim (http://afni.nimh.nih.gov/afni/doc/manual/AlphaSim) with 
1,000 Monte Carlo simulations taking into account the entire EPI 
matrix. This procedure yielded a minimum cluster size with a 
map-wise false positive probability of p<0.05, corrected for mul-
tiple comparisons. We report results primarily for brain regions 
that survived this whole-brain correction procedure. Neverthe-
less, previous results for specifi c brain regions suggest regionally 
specifi c a priori hypotheses. Accordingly, we also report results 

from secondary analyses using a lower threshold for the insula 
and the medial prefrontal cortex.

After observing hypothesized group differences, post hoc 
analyses were performed to facilitate interpretations. For these 
analyses, average percent signal change was measured across 
all voxels within each region of interest generated from the func-
tional mask, and data for main effects and interactions were 
unpacked and analyzed using appropriate follow-up tests, princi-
pally one-way repeated-measures ANOVAs, in SPSS.

Results

Behavioral Ratings Data

The behavioral data pertaining to the ratings of embar-
rassment and inappropriateness were analyzed using two 
separate 2×3 (group-by-transgression) ANOVAs. Subse-
quent one-way repeated-measures ANOVAs were used 
to unpack signifi cant interactions. Here we fi rst consider 
the embarrassment ratings. There was a signifi cant group-
by-transgression interaction (F=3.15, df=2, 60, p<0.05); 
whereas the patients with generalized social phobia rated 
the unintentional transgressions as being signifi cantly 
more embarrassing compared to the healthy volunteers 
(F=11.32, df=1, 30, p<0.005), the two groups did not dif-
fer signifi cantly in their ratings of neutral or intentional 
behaviors (Table 2). There was also a signifi cant main 
effect of group; overall, the patients with generalized 
social phobia rated the behaviors as signifi cantly more 
embarrassing compared to the healthy volunteers (F=4.26, 
df=1, 30, p<0.05).

There was also a signifi cant group-by-transgression 
interaction for the inappropriateness ratings (F=3.50, 
df=2, 60, p<0.05); the patients with generalized social pho-
bia rated the unintentional and intentional transgressions 
as being signifi cantly more inappropriate compared to the 
healthy volunteers (F=6.57, df=1, 30, p<0.05 and F=5.85, 
df=1, 30, p<0.05, respectively), although the two groups did 
not differ signifi cantly in their ratings of neutral behaviors 
(Table 2). As with the embarrassment ratings, there once 
again was a signifi cant main effect of group; overall, the 
patients with generalized social phobia rated the behav-
iors as signifi cantly more inappropriate compared to the 
healthy volunteers (F=9.32, df=1, 30, p<0.05).

EPI Data

The BOLD response data were analyzed by a 2×3 (group-
by-transgression) ANOVA. Our goal was to determine 

TABLE 2. Embarrassment and Inappropriateness Ratings for Three Transgression Types in a Study of Social Norm Processing 
in Adult Social Phobia

Embarrassment Inappropriateness

Patients With Generalized 
Social Phobia

Healthy Comparison 
Subjects

Patients With Generalized 
Social Phobia

Healthy Comparison 
Subjects

Transgression Mean SD Mean SD Mean SD Mean SD
Unintentional 3.48 0.57 2.81 0.55 2.71 0.77 2.02 0.74
Intentional 3.20 1.03 2.90 0.79 4.40 0.53 3.92 0.58
None (neutral) 1.13 0.11 1.15 0.11 1.15 0.13 1.09 0.11
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whether patients with generalized social phobia showed a 
particularly elevated activation to unintentional (embar-
rassing) transgressions relative to healthy comparison 
subjects. Two statistical maps were critical to our predic-
tions: group-by-transgression and group.

The analysis for group-by-transgression interactions 
identifi ed two regions: the left ventromedial prefrontal cor-
tex and a small region of the more dorsal right medial pre-
frontal cortex, although this second region did not survive 
correction for multiple comparisons (Table 3). In line with 
predictions, patients with generalized social phobia showed 
signifi cantly greater BOLD responses in both regions to 
unintentional relative to intentional transgressions (F=12.80, 
df=1, 15, p<0.005 and F=6.43, df=1, 15, p<0.05). In contrast, 
the healthy volunteers showed a trend in both regions for 
signifi cantly greater activation to intentional relative to 
unintentional transgressions (F=3.29, df=1, 15, p=0.09 and 
F=3.00, df=1, 15, p=0.10), as well as an overall reduction in 
response to stories. Notably, group differences in activation 
were particularly marked for unintentional transgressions 
(F=20.90, df=1, 30, p<0.001, compared to F=14.36, df=1, 30, 
p<0.005 for intentional transgressions and F=5.67, df=1, 30, 
p<0.05 for neutral transgressions) (Figure 1).

There were also signifi cant main effects of group in both 
a large region of the ventromedial prefrontal cortex and 
a slightly lateral region of the dorsal medial prefrontal 
cortex as well as the insula bilaterally and the right amyg-
dala (Table 3). In all these regions, patients with gener-
alized social phobia showed signifi cantly greater BOLD 
responses across transgressions relative to the healthy 
volunteers (F values ranged from 12.50 to 32.69, all p val-
ues <0.001).

Although major depression was an exclusion criterion 
for participation in this study, patients with generalized 
social phobia did report a higher level of depressive symp-
toms on the Inventory for Depressive Symptomatology–
Self Report than did the healthy volunteers (F=8.70, df=1, 
30, p<0.05; Table 1). To exclude the possibility that the 
higher depression scores in the patient group infl uenced 

results, we used depression score as a covariate in the 
follow-up analyses on the extracted average percent sig-
nal change from the two main regions of interests, the 
medial prefrontal cortex regions identifi ed by the group-
by-transgression interaction. This inclusion of depression 
scores as a covariate did not change the signifi cant results 
(F=5.28, df=1, 30, p=0.008 and F=5.77, df=1, 30, p=0.005, 
respectively), suggesting that level of depression did not 
signifi cantly contribute to the results.

Correlational Analysis

Using correlational analysis, we examined whether the 
increased responses to unintentional transgressions in the 
medial prefrontal cortex in generalized social phobia were 
related to symptom severity. We tested whether there was 
a signifi cant relationship between severity of social anxi-
ety symptoms, as indexed by the Liebowitz Social Anxiety 
Scale–Self Report, and activation to unintentional trans-
gression in the two medial prefrontal cortex regions iden-
tifi ed by the group-by-transgression interaction. There 
was a trend toward a signifi cant positive correlation for 
one of the two regions. However, neither test reached two-
tailed signifi cance (Pearson’s r values were 0.48 and 0.19, 
respectively, with p values of 0.059 and 0.487).

Discussion

We examined the neural responses in generalized 
social phobia to intentional and unintentional embar-
rassing social transgressions. In line with predictions, we 
observed a signifi cant group-by-transgression interaction 
in both the behavioral and medial prefrontal cortex neural 
response patterns. Patients with generalized social phobia 
rated unintentional, but not intentional, transgressions as 
signifi cantly more embarrassing than did the healthy com-
parison subjects. Moreover, healthy individuals showed 
greater activation to intentional relative to uninten-
tional transgressions in the ventromedial prefrontal cor-
tex, consistent with previous research (14). Patients with 

TABLE 3. Signifi cant Areas of Activation for the Group-by-Transgression Interaction in a Study of Social Norm Processing 
in Adult Social Phobiaa

Coordinatesb

Region
Brodmann’s 

Area
Volume 
(mm3) x y z F df

p 
(Uncorrected)

Group-by-transgression interaction 1, 30
Left ventromedial prefrontal gyrus 10  1,008  –7  59  13  8.74 <0.001
Right medial prefrontal gyrus  9    364   5  58  38  7.74   0.001
Group main effectc 2, 60
Left ventromedial prefrontal gyrus 10 12,603 –13  60  16 33.90 <0.001
Left dorsomedial prefrontal gyrus  9    644 –23  32  34 19.32 <0.001
Left insula 13    623 –37 –14   0 18.23 <0.001
Right insula 13    305  26  16  –6 13.67 <0.001
Right amygdala/parahippocampal gyrus  1,088  41  –8 –18 14.07 <0.001
a  All activations are effects observed in whole brain analyses signifi cant at p<0.005 corrected for multiple comparisons (signifi cant at 

p<0.05) except right medial prefrontal gyrus, signifi cant at p<0.005 uncorrected.
b Talairach-Tournoux coordinates.
c For all, generalized social phobia > healthy comparison subjects.
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ventromedial prefrontal cortex, the region particularly 
implicated in self-referential processing. (Although there 
was also a signifi cant activation within a more dorsal 
region of the medial prefrontal cortex, this region did not 
survive correction for multiple comparisons.) We would 
suggest that this is because they judge such transgressions 
as signifi cantly more self-relevant than do healthy indi-
viduals. Indeed, healthy individuals show a very different 
pattern of activity in this region, showing in this and pre-
vious work (14) greater activity to intentional rather than 
unintentional transgressions. It is argued that intentional 
transgressions have greater signifi cance for healthy indi-
viduals and lead to generally increased activity in regions 
engaged in social cognition. This is because a social trans-
gression, unmarked by embarrassment and instead dem-
onstrating intent, marks a challenge to the social hierarchy. 
Hence, we speculate that these results (together with 
those of K.S. Blair et al., unpublished 2010 data) indicate 
a fundamental reorganization in self-relevant processing 
in patients with generalized social phobia. Evaluations of 
the self in generalized social phobia primarily focus on 

generalized social phobia, in contrast, showed the oppo-
site: signifi cantly greater activation to unintentional rela-
tive to intentional transgressions. In addition, and again 
in line with predictions, patients with generalized social 
phobia showed increased responses relative to the com-
parison subjects in an extensive region of the ventro-
medial prefrontal cortex as well as in the amygdala and 
insula bilaterally to the social transgressions regardless of 
whether they were intentional or unintentional.

Social cognition research on the medial prefrontal cor-
tex suggests a functional distinction between the ventral 
and the more dorsal medial prefrontal cortex. It has been 
argued that the ventromedial prefrontal cortex is par-
ticularly implicated in self-referential processing, that is, 
the processing of stimuli that are experienced as strongly 
related to one’s own person (27). In contrast, the dorsal 
medial prefrontal cortex has been implicated in the rep-
resentation of the mental states of others (19, 28–34). It 
is notable that in this study patients with generalized 
social phobia showed an atypically increased response to 
unintentional, embarrassing social transgressions in the 

FIGURE 1. Group-by-Transgression Interactions in Individuals With Generalized Social Phobia and Healthy Comparison 
Subjects in a Study of Social Norm Processinga

a Blood-oxygen-level-dependent responses in the left medial prefrontal cortex (panel A) (x, y, z=–7, 59, 13) and the right medial prefrontal 
cortex (panel B) (x, y, z=5, 58, 38) to behaviors involving intentional, unintentional, and no social transgressions for the two groups.
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with generalized social phobia, further implicating those 
two regions in the pathophysiology of the disorder.
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