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Impaired visuocortical discrimination learning of socially
conditioned stimuli in social anxiety
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In search of causative factors of social anxiety disorder (SAD), classical conditioning has been discussed as a potential trigger mechanism for many
years. Recent findings suggest that the social relevance of the unconditioned stimulus (US) might play a major role in learning theories of SAD. Thus, this
study applied a social conditioning paradigm with disorder-relevant US to examine the electrocortical correlates of affective learning. Twenty-four high
socially anxious (HSA) and 23 age- and gender-matched low socially anxious (LSA) subjects were conditioned to 3 different faces flickering at a
frequency of 15 Hz which were paired with auditory insults, compliments or neutral comments (US). The face-evoked electrocortical response was
measured via steady-state visually evoked potentials and subjective measures of valence and arousal were obtained. Results revealed a significant
interaction of social anxiety and conditioning, with LSA showing highest cortical activity to faces paired with insults and lowest activity to faces paired
with compliments, while HSA did not differentiate between faces. No group differences were discovered in the affective ratings. The findings indicate a
potentially impaired ability of HSA to discriminate between relevant and irrelevant social stimuli, which may constitute a perpetuating factor of SAD.
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INTRODUCTION

Learning mechanisms may play a major role in the etiology of anxiety
disorders (Mineka and Zinbarg, 2006). Conditioning models discuss
several factors as possible contributors to their onset, such as enhanced
conditionability (Orr et al., 2000), difficulties to inhibit fear reactions in
response to safety signals (Davis et al., 2000), a tendency to generalize
conditioned fear to other stimuli (Lissek and Grillon, 2010) or delayed
extinction (Hermann et al., 2002) (for a review, see Lissek et al., 2005).

Only a few studies examined the specific characteristics of learning
mechanisms in patients with social anxiety disorder (SAD). An fMRI
study found that SAD patients show enhanced activity in the amygdala
and the hippocampus in response to neutral faces which had been
paired with an aversive odor (Schneider et al., 1999). Another study
using neutral faces [conditioned stimulus (CS)] and painful pressure
[unconditioned stimulus (US)] reported insufficient differentiation
among the reinforced danger (CS+) and the non-reinforced safety
signal (CS—) in SAD patients (Veit et al, 2002). This effect might
stem from a hyperactive fronto-limbic circuitry which had already
been enhanced during habituation in comparison with healthy con-
trols. A further study indicated delayed extinction and increased US
expectancy for the CS— during acquisition in SAD (Hermann et al,
2002). The authors suggest that this bias refers to an overgeneralization
of the conditioned response and adds to the development of pathologic
anxiety. Similar effects were found in an investigation with colored
lights serving as CS and air puffs serving as US. Although healthy
controls kept their eyes open in response to the non-reinforced light,
SAD patients did not only blink as a reaction to the danger, but also to
the safety signal (Sachs et al., 2003).

Hence, SAD patients likely are not characterized by a generally
enhanced conditionability, but differ in terms of resistance to extinc-
tion and discrimination of the CS4- and CS—. However, the aforemen-
tioned studies used stimuli of low ecological validity relating to the
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nature of SAD. As a consequence, it remains unclear whether socially
anxious individuals react more sensitive to socially relevant stimuli.

So far, there is only little research investigating the neural correlates of
social conditioning, which is the associative process whereby humans
learn to identify individuals that have predicted threats or rewards in the
past (Davis et al., 2010). Davis examined social learning with neutral
faces and written verbal feedback and reported increased amygdala ac-
tivation in response to faces paired with negative and positive com-
ments. As fear of negative evaluation by others is a key criterion for
SAD (American Psychiatric Association, 2000), Lissek et al. conducted a
social conditioning study in SAD patients. Subjects were conditioned to
three neutral faces with different types of audiovisual US: insults paired
with angry faces, compliments paired with happy faces and neutral
comments paired with neutral faces. The results indicated that only
SAD showed a fear-potentiated startle in response to the CS™® com-
pared with both CS™" and CSP** during conditioning, while HC did not
(Lissek et al., 2008b). However, it still has to be clarified whether the
effect has to be attributed to the aversive verbal stimulus, the threatening
facial expression or a mixture of both.

In terms of neurophysiology, functional anomalies in amygdala
activity seem to be associated with social anxiety (Schneider et al,
1999; Veit et al., 2002). This is in line with numerous studies in animals
and humans which provide evidence that the amygdala is involved in
fear conditioning (Davis, 1992; LeDoux, 2003) and reacts with increased
activity to the CS+ compared with the CS— (LaBar et al., 1998; Cheng
et al., 2003). Because of its central position, the amygdala has multiple
connections to brain areas which are essential for fear conditioning, such
as sensory cortices, thalamus, hippocampus and temporal, orbito- and
prefrontal cortices (LeDoux, 2000). Thus, it is provided with sensory
information, possesses the ability to associate co-occurring stimuli and is
endowed with fiber tracts which pass information on to structures re-
sponsible for long-term storage. Lesions of the amygdala, especially its
lateral nucleus, impair fear conditioning (LeDoux et al, 1990; Campeau
and Davis, 1995). In the same vein, it is reasonable to assume that
chronically enhanced amygdala activity can impair conditioning
processes as well. In this line, a meta-analysis found hyperactivation of
the amygdala in SAD which might contribute to deviances in
conditioning processes in this disorder (Etkin and Wager, 2007).

© The Author (2014). Published by Oxford University Press. For Permissions, please email: journals.permissions@oup.com

220z 1snbny 9| uo Jesn sonsnp Jo Juswuedad 'S'N Aq ZS0LELL/626/2/01/2191e/uBdS /W00 dNo-olWapeoe.//:sdny WoJj papeojumoq


(
-
to 
-
While 
-
and colleagues
to 
to 
-
Due to

930  SCAN (2015)

Although past research on fear conditioning often focused on
differences in regional brain activations, recent investigations examined
how acquired fears alter the temporal dynamics of cortical sensory
processing (for a review, see Miskovic and Keil, 2012). A suitable
method to measure cortical engagement in response to visual stimuli
is the technique of steady-state visual evoked potentials (ssVEPs).
SsVEPs are periodic signals with a constant frequency spectrum
evoked by the presentation of oscillating visual stimuli (Vialatte et al,
2010). They are generated in the extended occipital cortex, especially V1,
but also in higher order cortices (Di Russo et al., 2007), and reflect
multiple excitations of the visual system as reaction to the same stimulus
over a short period of time. Hence, changes in electrocortical activity can
be caused by initial, bottom-up driven sensory processing as well as
subsequent top-down regulation via higher order processing
(Silberstein and Pipingas, 1995; Keil et al., 2001).

Besides their robustness to eye blink and movement artifacts
(Perlstein et al, 2003), ssVEPs can be reliably separated from noise
as their frequency equals that of the driving stimulus (Regan, 1989;
Gray et al, 2003), and then be quantified in the frequency domain
(Wang et al, 2007). In this regard, facilitated sensory processing is
indicated by enhanced ssVEP amplitudes and can be interpreted as
resource allocation to the flickering stimulus. As the frequency of
the ssVEPs is known, they can not only be analyzed in the frequency
domain but also in the time—frequency domain (Miiller et al, 1998).
This makes it possible to track the stimulus-evoked ssVEP response
at the frequency of interest and get a continuous measure of
visual cortical facilitation at near-optimum time resolution.

Numerous studies have shown that ssVEPs are sensitive to atten-
tional and emotional processes with amplitude enhancement for
attended compared with non-attended, and emotional compared
with neutral stimuli (Mdller et al., 1997, 1998; Kemp et al., 2002;
Keil et al., 2003; Andersen and Miiller, 2010; McTeague et al., 2011).
With regard to conditioning, ssVEP amplitudes have been found to be
reliably increased for CS+ compared with the CS— cues (Moratti and
Keil, 2005; Moratti et al., 2006; Miskovic and Keil, 2012, 2013a,b;
Wieser et al., 2014a,b). This effect has already been found with
only 10 pairings of the CS+ with the US and is most prominent in
a late temporal window of stimulus processing which precedes US
onset. These adaptive changes in function of early visual cortices
lead to augmented sensory gain and consequently enhanced perceptual
processing of features predicting a temporally upcoming threatening
event (Miskovic and Keil, 2012). It has been argued that this change
in sensory processing during fear acquisition may reflect transient
plasticity of sensory cortical networks (Keil et al., 2007).

In this study, ssVEPs were used to investigate the differences in
visuocortical processing in response to differential conditioning with
social stimuli in high and low socially anxious participants. Our aim
was to test three hypotheses: first, we expected to find a general con-
ditioning effect in all participants shown as enhanced ssVEP amplitude
for faces paired with negative compared with neutral comments.
Second, we assumed high socially anxious (HSA) to show higher
ssVEP amplitudes to faces paired with socially threatening stimuli
than low socially anxious (LSA). Third, we assumed HSA to be more
resistant to extinction referring to socially threatening stimuli com-
pared with LSA.

MATERIALS AND METHODS

Participants

Participants were undergraduate students at the University of Wiirzburg
without any past or present psychiatric diagnosis (self-report), who were
paid or received course credit for participation. 1112 students filled in a
pre-screening questionnaire consisting of 5 items (Supplementary Table
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S1) based on the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV) criteria for social phobia (American
Psychiatric Association, 2000), on a five-point Likert scale (0 = ‘strongly
disagree’ to 4 = ‘strongly agree’), such that a maximum of 20 points
could be achieved. Participants scoring from 2 to 4 points were classified
as LSA and participants scoring from 12 to 14 points were classified as
HSA. Twenty-four subjects per group took part in the study. One
subject had to be excluded due to excessive artifacts in the electroence-
phalography (EEG) so that 47 subjects (HSA: n=24; LSA: n=23) were
included in the statistical analysis.

Groups did not differ in terms of age [HSA: M=20.1, s.d. =2.0;
LSA: M=21.6, s.d.=2.5; #(45)=0.91, P=0.37] and sex ratio [HSA:
15 women; LSA: 14 women; x> (1, N=47)=0.013, P=0.91]. To
ensure that the screening was successful, subjects again completed
the pre-screening, the German version of the Social Phobia and
Anxiety Inventory (SPAL Turner et al., 1989; Fydrich, 2002) and the
Social Phobia Inventory (SPIN; Connor et al., 2000). Because of miss-
ing data, the SPIN could not be analyzed for one person of each group.
As expected, significant group differences were found in the total
scores of the pre-screening [#(45) =8.09, P<0.001; HSA: M=11.6,
s.d.=3.5; LSA: M=3.7, sd.=3.1], SPIN [#(43)=5.8, P<0.001;
HSA: M=24.7, s.d.=9.5; LSA: M=10.2, s.d.=6.9] and SPAI
[#45) =8.8, P<0.001; HSA: M=91.6, s.d.=14.5; LSA: M=56.5,
s.d. =12.6]. Before the experimental task, subjects also completed a
socio-demographic questionnaire, the State-Trait Anxiety Inventory
(Spielberger et al., 1970), the Beck Depression Inventory (BDI; Beck
et al., 1961; Hautzinger et al, 1994) and the Positive and Negative
Affect Scale (Watson et al., 1988). Two of the HSA subjects scored
above the cut-off of the BDI indicating sub-clinical depression. Because
the exclusion of these subjects from analyses did not have a significant
impact on the results, we decided to include them in our sample in
order to enhance statistical power. Mean questionnaire scores are
shown in Table 1.

All participants gave written informed consent prior to participation.
None of them had a family history of epilepsy and all reported normal or
corrected-to-normal vision. The study was approved by the ethics com-
mittee of the medical department of the University of Wiirzburg.

Design and procedure

According to the standard of aversive conditioning paradigms, our
experiment consisted of three phases: habituation, conditioning and
extinction.

Three pictures of male actors with a neutral facial expression (CS)
were selected from the Radboud Faces Database (Langner et al., 2010)
and converted to grayscale to minimize differences in color and

Table 1 Questionnaire characteristics of the participants

Variable HSA LSA t(45) P value
M s.d. M s.d.
Pre-screening 11.58 3.54 3.70 313 8.09 <0.001*
SPIN 24.70 9.51 10.23 6.87 5.83 <0.001*
SPAI 91.55 14.45 56.48 12.62 8.84 <0.001*
STAI state 39.92 6.88 34.96 6.35 2.57 0.014*
STAI trait 47.79 9.61 36.61 6.10 474 <0.001*
BDI 10.71 6.01 6.26 5.34 2.69 0.010%
PANAS_PA 27.50 5.58 29.65 6.43 1.23 0.226
PANAS_NA 13.63 4.00 12.00 4.00 1.39 0.171

SPIN = Social Phobia Inventory; SPAI = Social Phobia and Anxiety Inventory; BDI = Beck Depression
Inventory; STAl = State-Trait Anxiety Inventory; PANAS —Positive and Negative Affect Scale;
PA = positive affect; NA = negative affect.
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Social conditioning in social anxiety

luminance (Supplementary Figure S1). All stimuli were displayed
against a gray background on a 17-inch monitor using Presentation
(Neurobehavioral Systems, Albany, CA). Faces were shown for 5000
msec, flickering at a driving frequency of 15 Hz to evoke ssVEPs. Each
face was presented 20 times during habituation, conditioning and ex-
tinction (180 trials in total).

During conditioning, the faces were paired with acoustic stimuli
(insults, neutral comments and compliments) serving as US. The US
were created by recording 23 verbal comments of 1 sec length each
with the audio-recorder Audacity (version 2.0), mostly adapted from
Lissek et al. (2008a,b). They were rated in a pre-study relating to va-
lence, arousal, naturalness and threat by 13 subjects. The five com-
ments of each class which scored best (high valence for positive and
low valence for negative comments, high arousal for negative and
positive comments and low arousal for neutral comments, high
instinctiveness for all classes, high threat for negative comments and
low threat for neutral and positive comments) were chosen for the
experiment (Supplementary Table S2). The US was replayed with a
sound volume of 80dB by Labtech speakers (Labtech International
Ltd, East Sussex, UK) and a Kenwood KA-3010 amplifier (Kenwood
Electronics, Heusenstamm, Germany). After each trial, a grey screen
with a fixation cross was presented. These inter-trial intervals differed
between 4500 and 5500 msec to prevent expectancy effects.

After completing the questionnaires, EEG electrodes were applied
and participants were seated in a noise-reduced, darkened room 1 m
distant to the screen. The experiment started with the habituation in
which the three faces were presented to the participants in a rando-
mized order. During acquisition, participants were conditioned to the
faces by pairing each face with five US of the same category (negative,
neutral or positive) in a pseudo-randomized order. Each of the five US
was presented 4 times which resulted in 20 sentences per category and
60 trials in total. In the extinction phase, faces were presented again
without reinforcement (Figure 1).

Subsequent to each experimental phase, participants rated the pic-
tures on the dimensions of valence and arousal on the nine-point SAM
scale (Self-Assessment Manikin; Bradley and Lang, 1994). After condi-
tioning, they also conducted US expectancy ratings on a scale from 0%
to 100% as a response to the question “What is the likelihood that the
currently presented face is followed by a negative/neutral/positive com-
ment?” as an index of the successful learning of the CS—US association.

EEG recording and data analysis

Electrocortical brain activity was measured via 129 electrodes using an
Electrical Geodesics System (EGI, Eugene, OR) and referenced to the
vertex electrode (Cz) (sampling rate 250Hz, online bandpass
0.1-50 Hz). The threshold of impedances was kept below 50 k2 as
recommended for the Electrical Geodesics high-impedance amplifiers.

(1) Habituation (1) Acquisition
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Off-line, the EEG signal was further processed using the software
EMEGS (Electro Magnetic EncephaloGraphy) version 2.4 (Peyk et al,
2011) and MATLAB version 7.11.1 (Matrix Laboratory; MathWorks,
Natick, MA). In a first step, a low-pass filter of 40 Hz was applied and
the continuous signal was segmented into epochs of 600 msec before
and 5600 msec after stimulus onset. In a second step, artifact rejection
was conducted (according to Junghofer et al., 2000). In a third step, the
EEG signal was averaged for the nine different conditions. Figure 2
shows the raw ssVEP signal averaged across all subjects and conditions,
its fast Fourier transformations and the spatial distribution of the
driving frequency (15 Hz).

The preprocessed data were further analyzed via time—frequency
analysis to determine the strength of the driving frequency (15 Hz)
during the time course of each trial. First, the ssVEP amplitude was
extracted by means of Hilbert transformation using in-house written
MATLAB scripts. A 20th-order Butterworth bandpass filter with a
width of 0.5Hz around the driving frequency of 15 Hz was applied
to the data. Second, the time-varying amplitude was extracted by
creating a phase-shifted version of the empirical signal with the help
of the native Hilbert function executed in MATLAB and calculating the
absolute value of the empirical and analytical signal. Thereupon, the
mean ssVEP amplitude of each condition was assessed for the time
interval between 200 and 5000 msec.

As the ssVEP signal was most pronounced over medial occipital
sensors, it was spatially averaged across the occipital electrode and
six surrounding electrodes (Figure 3).

Statistical analysis

Repeated measures analyses of variance (ANOVAs) with the within-
subject factor CS type (negative vs neutral vs happy) and the between-
subjects factor group (HSA vs LSA) were conducted for each phase of
the experiment (habituation, conditioning, extinction) to analyze the
mean ssVEP amplitudes. Significant differences including group were
followed up by repeated measures ANOVAs for each group. In case of
significant effects including valence of the CS, simple planned contrasts
were calculated with the neutral condition as reference.

SAM and contingency ratings were analyzed by averaging the ratings
across the three categories of the CS for valence, arousal and US
expectancy, respectively, and calculating repeated measures ANOVAs
with the within-subject factor CS type (negative vs neutral vs happy)
and the between-subjects factor group (HSA vs LSA). For the US
expectancy, we calculated hit and false alarm rates, indicating the
probability by which subjects correctly identified which comments
(negative, neutral or positive) followed a particular face, and wrongly
assigned comments to a particular face, respectively. Follow-up tests
were executed as described above.

(11l) Extinction

Flickering stimulus
{5000ms)

Im

{4500-5500ms)

Fig. 1 Schematic representation of the experimental procedure. In each phase, faces were presented for 5000 msec flickering at a frequency of 15 Hz, followed by an interstimulus interval (ISI) of 45005500
msec. During acquisition, the presentation of the faces was followed by negative, neutral or positive auditory comments. Each face was paired with comments of one of the three categories (negative, neutral or

positive).
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Fig. 2 Grand mean ssVEPs averaged across all conditions and participants (N = 47), recorded from an occipital electrode. The upper panel shows the Fast Fourier Transformation of this signal with a peak at the
driving frequency of the CS (15 Hz). The panel on the right depicts the topographic distribution of the 15 Hz signal on the back of a computer-modeled head. The strongest activity can be observed in the areas

of the visual cortex.

Fig. 3 Schematic representation of the electrode array. Gray background labels the electrodes used
for the calculation of regional means in the statistical analysis. The inscriptions mark the approxi-
mated electrode names of the International 10-20 System.

A significance level of P<0.05 (two tailed) was defined for all
analyses. In case of violation of sphericity, Greenhouse—Geisser epsilon
(GG-¢) and uncorrected degrees of freedom are reported (Picton et al.,
2000). The partial eta-squared (nf’) is reported as a measure of effect
size.

RESULTS
ssVEP amplitudes

No significant main effect of CS type, group or interaction was found
during habituation, all P values> 0.10.

In the acquisition phase, a significant main effect of CS type
[F(2,90) =5.58, P=0.005, nf, =0.11] and a significant CS
type x group interaction [F(2,90) =4.01, P=0.021, 17]2J =0.08] were
detected. Follow-up ANOVAs calculated for each group showed that
this interaction was due to a significant main effect of CS type in the
LSA group [F(2,44) =9.13, P<0.000, 77}2) =0.29], whereas in the HSA
group the main effect of CS type did not reach significance
[F(2,46) =1.46, P=0.243, nf, =0.06]. Planned contrasts indicated
that LSA subjects reacted with significant larger ssVEP amplitudes to
faces that had been paired with negative comments and marginally
significant smaller ssVEP amplitudes to faces that had been paired
with positive comments in comparison with neutral control comments
[F(1,22)=7.78, P=0.011, 7 =026 and F(1,22)=427, P=0.051,
17]2J =0.16, respectively] (Figure 4). The main effect group was not sig-
nificant [F(1,45) =0.93, P=0.339, 72 =0.02].

During extinction, neither significant main effects of CS type
[F(2,90) =0.63, P=0.535, 7112J =0.01] and group [F(1,45)=0.09,
P=0.764, n2=0.002] nor a significant interaction [F(2,90)=1.46,
P=0.238, 7, =0.03] were found. Figure 5 displays the grand mean
topographic distribution of the ssVEP signal in response to the CSP®,
CS™™" and CS"® for both groups during habituation, acquisition and
extinction.

In order to analyze the time course of electrocortical activity of
affective learning, the ssVEP amplitudes were averaged in four con-
secutive segments (100—-1300, 1300-2500, 2500-3700 and 3700—4900
msec), and an ANOVA including the factor Time was performed. As
this analysis did not yield any new findings, only the results of the
global analysis are reported (Table 2).

SAM ratings

Valence

As expected, the ANOVA did not yield any significant effects during
habituation. In the acquisition and extinction phase, the main effect CS
type was significant, [F(2,90) = 24.27, GG-¢ =0.88, P<0.001, nf, =0.35
and F(2,90) =14.24, P<0.001, nf, =.24, respectively]. During extinc-
tion, this effect was further qualified by a marginally significant CS
type X group interaction [F(2,90) =2.73, P=0.071, 17]2J =0.06].
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Fig. 4 Mean ssVEP amplitudes and standard error across groups evoked by faces paired with negative, neutral or positive comments during habituation, conditioning and extinction (*P < 0.10; **P < 0.05).

Post hoc t-tests revealed that at acquisition, all subjects rated the
CSP (M=6.11, s.d.=1.54) as more pleasant and the CS"®
(M=3.81, s.d.=1.64) as less pleasant in comparison with the CS™"
(M=530, s.d.=1.18) [#(46)=2.73, P=0.009 and #46)=4.90,
P<0.001]. In the extinction phase, the CS"® (M=4.21, s.d.=1.32)
was still rated as less pleasant in comparison with the CS™" (M =5.30,
s.d.=1.25) and the CSP® (M=5.66, s.d.=1.31) [#(46)=4.30,
P<0.001 and #(46) =4.33, P<0.001], but there was no longer a
difference among the CSP** and the CS™" [#(46) =1.39, P=0.172].

Follow-up ANOVAs for each group during extinction indicated that
although LSA did no longer discriminate between the three conditions
referring to valence ratings [F(2,44) =2.27, GG-¢=0.75, P=0.132,
7712320-09]) HSA still showed a significant main effect of CS type
[F(2,46) =15.18, P<0.001, nf, =0.40]. This was due to the fact that
HSA still rated the CS™® (M=4.00, s.d.=1.06) as less pleasant
compared with both the CS™" (M =5.46, s.d.=1.44) and the CSP**
(M=6.08, s.d.=1.21) [#23)=4.10, P<0.001 and #?23)=5.11,
P<0.001]. Means and standard deviations on the SAM scale are
shown in Figure 6a.

Arousal

As in the valence ratings, no differences were found during habituation,
but a significant main effect of CS type was found during acquisition
[F(2,90) =5.39, P=0.006, 7712> =0.11] and extinction [F(2,90) =4.13,
P=0.019, nf, =0.08]. The CS type x group interaction was neither sig-
nificant during acquisition [F(2,90) =0.35, P=0.708, r]lzJ =0.01] nor
extinction [F(2,90) =0.50, P=0.610, nf) =0.01].

Further analyses with ¢-tests displayed higher arousal ratings for the
CS"% (M=4.87, s.d.=2.17) and the CSP* (M=4.55, s.d.=1.92)
compared with the CS™" (M=3.74, s.d.=1.82) [#(46)=23.20,
P=0.003 and #(46)=2.28, P=0.027] in the acquisition phase.
There was no significant difference between the CS™® and the CSP®*
[#(46) =0.91, P=0.368]. During extinction, the CS"® (M=4.55,
s.d.=2.00) was still rated as more arousing in comparison with the
CS™" (M =3.68, s.d.=1.67) [t(46) =2.90, P=0.006]. However, the
difference among the CSP** (M =3.89, s.d. =1.80) and the CS"" was
no longer significant [#46) =0.71, P=0.483]. Comparison of CS"*®
and CSP* revealed that the CSP®* was rated as marginally less arousing
than the CS"® [#(46) =1.95, P=0.057] (Figure 6b).

US expectancy

Analysis of the contingency ratings revealed that there was no differ-
ence regarding the hit rate for faces paired with positive (M =91.06,
s.d. =20.56), neutral (M=91.49, s.d. =18.06) or negative (M =92.55,
s.d.=17.99) comments and there were no differences among
groups. The calculated ANOVA vyielded neither significant main
effects of CS type or group [F(2,90)=0.20, P=0.819, nf) =0.004

and F(1,45)=2.05, P=0.159,
[F(2,90) =1.92, P=0.152, nﬁ =0.04].

Concerning the false alarm rate, we found a significant main effect of
group [F(1,45) =5.46, P=0.024, 1712j <0.11]. The main effect of CS type
[F(2,90) =0.09, GG-£¢=0.89, P=0.891, né =0.002] and the CS
type x group interaction [F(2,90)=0.02, GG-£¢=0.89, P=0.974,
17% <0.001] was not significant. Further analyses of the main effect
group with f-tests indicated that HSA showed higher false alarm
rates for faces paired with negative (M =11.04, s.d.=17.13) and neu-
tral (M=10.42, s.d.=16.81) comments compared with LSA
(M=2.61, sd.=7.05 and M=2.39, s.d.=7.82, respectively)
[#(45) =2.22, P=0.034 and #(45) =2.11, P=0.042]. The difference
for faces paired with positive comments was marginally significant
(HSA: M=11.04, s.d.=1894; LSA: M=326, s.d.=8.20)
[#(45) = 1.84, P=0.075].

n§:0.044] nor interaction

DISCUSSION

This study examined electrocortical activity in response to socially
conditioned faces in HSA and LSA individuals. Results illustrate that
although LSA showed differential visuocortical processing among the
three different conditions, HSA only learned to discriminate them on a
subjective level, but did not show any distinctions in the ssVEP amp-
litude. This indicates an impaired electrocortical differentiation be-
tween relevant and irrelevant social stimuli in HSA, and is consistent
with data of studies in which reduced discrimination learning was
observed in SAD (Hermann et al, 2002; Sachs et al, 2003).
Interestingly, affective ratings did not reveal differences between
groups, although a trend of diminished extinction was found in the
valence ratings of HSA subjects. In line with this, former studies re-
ported delayed extinction in social anxiety (Mineka and Zinbarg, 1996;
Hermann et al., 2002; Sachs et al., 2003).

A primary aim of this study was to demonstrate that differential fear
conditioning and concomitant changes in cortical activity cannot only
be elicited by highly aversive non-social stimuli, such as loud tones
(Morris and Dolan, 2004), aversive odors (Schneider er al, 1999;
Hermann et al, 2002), or electric shocks (Straube et al, 2007;
Alvarez et al., 2008), but also by less intensive social stimuli, such as
verbal feedback. As association learning is facilitated when CS and US
have a high (e.g. face/scream) compared with low belongingness (e.g.
landscape/scream) (Hamm et al., 1989), we used faces as CS. So far,
three studies reported that subjects can be conditioned to verbal com-
ments in combination with simultaneously presented pictures of facial
expressions (Lissek et al., 2008b; lidaka et al., 2010) or film clips as US
(Pejic et al., 2013), but this is the first study showing successful
conditioning using neutral faces as CS and isolated verbal comments
as US.

In line with a recent study (Tinoco-Gonzalez et al., 2015), our data
do not support the hypothesis that SAD is characterized by enhanced
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Fig. 5 Grand mean topographic distribution of the ssVEP amplitudes across groups (LSA and HSA) in
response to faces paired with negative, neutral or positive comments during habituation,
conditioning and extinction.

conditionability relating to socially threatening stimuli: only LSA dif-
fered in their ssVEP amplitude in response to the three different cate-
gories of faces with highest amplitudes to the CS"¥, indicating
enhanced attention to events which predict something unpleasant or
threatening (Ohman and Mineka, 2001). Interestingly, CS™" faces eli-
cited slightly larger ssVEP amplitudes compared with CSP** faces,
which might indicate that the faces paired with neutral comments
gained ambiguous value, whereas the faces paired with positive com-
ments clearly gained safety value. On the contrary, ssVEP amplitudes
did not differ during conditioning in HSA no matter what verbal

L. M. Ahrens etal.

Table 2 Mean ssVEP amplitude and standard deviations for the
three phases of the experiment (habituation, acquisition and
extinction) in LSA and HSA subjects

LSA HSA
M s.d M s.d

Habituation

Negative 0.37 0.18 0.41 0.22

Neutral 0.37 0.16 0.43 0.23

Positive 0.35 0.16 0.41 0.22
Acquisition

Negative 0.41 0.17 0.43 0.20

Neutral 0.38 0.17 0.45 0.23

Positive 0.36 0.16 0.43 0.21
Extinction

Negative 0.45 0.19 0.47 0.23

Neutral 0.43 0.20 0.47 0.23

Positive 0.45 0.21 0.45 0.23

comment was paired with a face, which points to disturbed discrim-
ination learning. Potentially, this impairment in HSA can be explained
by hyperactivation of the amygdala during social situations. Support
for this assumption stems from an fMRI study which found neutral
social stimuli paired with aversive odor to activate the amygdala in
social phobic individuals (Birbaumer et al., 1998). Moreover, a recent
experiment found a positive correlation between social anxiety and
amygdala activity in response to neutral faces paired with short film
clips containing negative comments (Pejic et al, 2013). Furthermore,
this view is strengthened by recent findings which suggest that
enhanced sensory processing of the CS+ depends on the activation
of the fear system (Moratti and Keil, 2005; Moratti et al., 2006;
Miskovic and Keil, 2012).

Another plausible reason for our findings is that the experimental
setting of ‘being tested’ itself, which might be experienced as poten-
tially threatening in socially anxious, caused enough harassment to put
them on the alert (Grillon, 2002). The therefore generally increased
arousal might have demanded cognitive capacity which consequently
blocked the acquisition of differences in danger and safety cues.

Overgeneralization may also underlie the pathology of SAD, which
describes the transmission of a conditioned fear reaction from a par-
ticular stimulus to other stimuli which share its physical features. As
reported above, patients with SAD have difficulties to discriminate
danger and safety cues in differential conditioning (Hermann et al,
2002; Sachs et al., 2003). In line with this, our study found an
US expectancy bias in HSA indicated by an increased false alarm
rate which also points to poor discrimination learning. Decreased
performance in stimulus differentiation might promote the tendency
to generalize conditioned fear to stimuli which are similar to the CS+.
In our case, it is possible that HSA transferred their fear of the CS™® to
the CS™" and CSP®, as they expected the latter ones to be paired with
negative comments as well. So far, overgeneralization has already been
found in panic disorder and post-traumatic stress disorder (Lissek and
Grillon, 20105 Lissek et al., 2010). Future studies might help to clarify
whether overgeneralization is also a marker for SAD.

Although we found differences among groups in the electrocortical
response, HSA and LSA did not differ in valence and arousal ratings of
the CS. Discrepancies among implicit and explicit measures in social
anxiety have been reported before with regard to electrocortical activity
and ratings (Wieser et al., 2011), as well as behavioral and neural data
(Bar-Haim et al, 2007; Moser et al, 2008). This may be due to
different underlying learning mechanisms: electrocortical activity
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may represent expectancy as in signal learning, while valence ratings
may rather represent cognitive aspects of learning as in evaluative
conditioning (Blechert et al, 2008). Furthermore, in our study
ssVEPs were collected online during the whole experiment, whereas
ratings were obtained at the end of each phase which might have
contributed to the observed findings. To rule out such an influence
in the future, the experimental design could be improved by using
online ratings, for instance for every second trial (Lissek et al., 2008a).

In contrast to acquisition, we did not find any differences among
groups during extinction on the electrocortical level. A reason could
be that the reinforcement rate of 100% during acquisition might have
reduced the anxious apprehension related to the US which resulted in
habituation during the last acquisition trials. Numerous investigations
have shown the amygdala’s tendency to habituate toward a threatening
stimulus over time (LaBar et al., 1998; Morris et al., 2001; Cheng et al.,
2007). Future studies may address this issue by reducing the reinforce-
ment rate, e.g. to 75%.

One limitation of this study is the fact that we examined a
sub-clinical sample and no clinically diagnosed social phobics.
Potentially, the observed effects would be more pronounced in a
clinical sample or there might be additional effects, e.g. it has to be
clarified whether diagnosed social phobics show differences during
extinction in the ssVEP amplitude.

CONCLUSIONS

In summary, this study presents a paradigm to access social condition-
ing with disorder-specific stimuli as US in socially anxious subjects and

controls. As our findings reveal, the distinctive feature of HSA might
not be a selective enhanced conditionability to socially threatening
stimuli but rather impaired discrimination learning, which deteriorates
the ability to differentiate between friends and foes. Future studies
need to explore to what extent the brain processes during social
learning situations differ among social phobics and controls. The
hereby gained insights might help to give new impulses for theories
on learning mechanisms in SAD and their neural correlates.
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