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Situation-based social anxiety enhances the neural
processing of faces: evidence from an intergroup context

Renana H. Ofan,' Nava Rubin,"”” and David M. Amodio'?
!Center for Neural Science, and ZDepartment of Psychology, New York University, NY, USA

Social anxiety is the intense fear of negative evaluation by others, and it emerges uniquely from a social situation. Given its social origin, we asked
whether an anxiety-inducing social situation could enhance the processing of faces linked to the situational threat. While past research has focused on
how individual differences in social anxiety relate to face processing, we tested the effect of manipulated social anxiety in the context of anxiety about
appearing racially prejudiced in front of a peer. Visual processing of faces was indexed by the N170 component of the event-related potential.
Participants viewed faces of Black and White males, along with nonfaces, either in private or while being monitored by the experimenter for signs
of prejudice in a ‘public’ condition. Results revealed a difference in the N170 response to Black and Whites faces that emerged only in the public
condition and only among participants high in dispositional social anxiety. These results provide new evidence that anxiety arising from the social
situation modulates the earliest stages of face processing in a way that is specific to a social threat, and they shed new light on how anxiety effects on

perception may contribute to the regulation of intergroup responses.
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Social disapproval ranks among humans’ most potent fears. At mod-
erate levels, anxiety about social evaluation is motivating, compelling
individuals to abide by social norms and to conform to others’ expect-
ations (Schlenker and Leary, 1982). At extremes, social anxiety is debil-
itating (Marcin and Nemeroff, 2003); the fear of social interaction can
keep a person from engaging in social and professional activities, as
well as everyday personal tasks. Most people experience some degree of
social anxiety in their daily lives, and social anxiety disorder is among
the most common psychiatric disorders in the USA (Kessler et al,
2005). Given the pervasiveness and impact of social anxiety, research
on its etiology has been a priority in psychological and neuroscience
research.

Since social anxiety arises from social situations, much research on
its psychological underpinnings has focused on how social anxiety af-
fects the processing of faces. A common hypothesis is that social anx-
iety may affect the way faces are processed, such that anxiety may
amplify and potentially bias one’s perception of a face so that it ap-
pears more threatening than it would under low-anxiety conditions.
To date, most research on this question has asked whether disposi-
tional social anxiety tendencies are associated with greater neural pro-
cessing of socially threatening faces (e.g. faces with anger expressions),
as compared with nonthreatening faces (e.g. Kolassa et al., 2007;
Muhlberger et al., 2009). Although this approach has yielded several
important findings, we suggest that it has neglected a critical element
of social anxiety: the social situation. Hence, our goal in the present
research was to test the interactive effect of trait social anxiety and a
socially threatening situation on the neural processing of faces.

SOCIAL ANXIETY AND NEURAL MECHANISMS OF FACE
PROCESSING

Does social anxiety enhance the neural processing of faces? Past
investigations of this question have focused on the N170 component
of the event-related potential (ERP) as an index of early face pro-
cessing. The N170 is a negative polarity electrical signal that peaks
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approximately 170 ms after a face is presented and emerges most
strongly over lateral occipital brain regions. N170 amplitudes are
typically larger in response to faces compared with nonface stimuli,
and accumulating evidence indicates that the N170 reflects the
structural encoding of a face in visual processing (Bentin et al,
1996; Carmel and Bentin, 2002). Although faces are known to
elicit greater attention in comparison with most other visual stimuli
(Ro et al., 2001; Theeuwes and Van der Stigchel, 2006), research has
shown that the N170 response is specifically related to face-encoding
processes and not merely attentional processing (e.g. Cauquil et al,
2000; although attention away from a face stimulus will reduce the
N170 amplitude; Jacques and Rossion, 2007).

Prior research on social anxiety and the N170 has tested whether
highly socially anxious participants show different N170 responses to
images of angry and neutral faces, presented privately, in a nonsocial
context, in comparison to low-anxiety participants. The rationale is
that highly anxious participants would interpret the angry faces as
more socially threatening. However, findings from these studies have
been somewhat mixed: some studies reported no effect of dispositional
social anxiety on N170 responses to angry faces (Kolassa et al., 2007,
2008; Muhlberger et al., 2009), whereas other studies found that highly
socially anxious participants exhibited larger N170 amplitudes to angry
faces than low-anxiety participants (Kolassa and Miltner 2006; see also
Mueller et al., 2008). Several factors may contribute to the different
results found across studies, such as the use of different stimuli (e.g.
schematic drawings of faces vs natural photographs) and different tasks
(e.g. emotional categorization vs passive viewing).

However, there is a critical limitation to previous research on social
anxiety and face processing: social anxiety arises from a social situation
in which one fears scrutiny from another person, yet past research has
focused on how individual differences in socially anxious tendencies
predict responses to pictures of faces presented in nonsocial situations,
in the absence of social-evaluative threat. That is, an angry face may be
threatening (e.g. Ohman, 1986; Schupp et al, 2004), but it does not
necessarily signal disapproval situated in a social context. As such, this
methodology may not directly capture the essence of social anxiety
processing. Therefore, the goal of the present research was to examine
the interactive effects of situation-based social anxiety and trait social
anxiety on the neural processing of faces.

© The Author (2013). Published by Oxford University Press. For Permissions, please email: journals.permissions@oup.com
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SOCIAL ANXIETY FROM THE SOCIAL SITUATION: THE CASE OF
INTERGROUP ANXIETY

Anxiety in response to social evaluation has been studied extensively in
the field of social psychology (Leary and Kowalski, 1995). Although
this work typically examines anxiety in normally functioning individ-
uals, as opposed to those suffering from anxiety disorders, the situ-
ations that elicit social anxiety are similar for both populations. For
example, being evaluated by others as incompetent or socially deviant
can elicit strong emotional and physiological responses associated with
anxiety (Baumeister and Tice, 1990; Williams, 2007; Dickerson and
Kemeny, 2004). Research on intergroup prejudice, in particular, has
revealed that people experience strong social anxiety about appearing
prejudiced in front of others, given the strong social norms against the
expressions of racial bias (Stephan and Stephan, 1985; Plant and
Devine, 1998). This form of social anxiety, referred to as intergroup
anxiety, may emerge in interracial interactions, as well as in same-race
interactions in which an individual fears social sanctions from ingroup
members for expressing prejudice toward a disadvantaged outgroup
(e.g. when a White American fears disapproval from other Whites for
expressing prejudice toward African Americans).! Both situations can
elicit strong feelings of social anxiety.

The intergroup anxiety literature is especially relevant to the present
concerns about face processing: individuals worried about appearing
prejudiced are particularly vigilant to racial cues, such as an outgroup
member’s face (Amodio et al., 2003; Monteith et al, 2002), and this
concern is amplified in situations where responses to in- and outgroup
faces are observed publicly (Plant et al, 2003; Amodio et al., 2006).
Prior research has shown that individuals high in trait intergroup anx-
iety, as measured by Plant and Devine’s (1998) external motivation
scale, attend more strongly to Black than White faces in the context of
a dot-probe task or as assessed using eye-tracking measures (Richeson
and Trawalter, 2008; Bean et al., 2012). However, research has not yet
examined this response in the context of anxiety arising from a
manipulated social situation. Furthermore, in the perception literature,
research has not tested whether situational elicitors of social anxiety
modulate the perceptual process of face encoding, as opposed to at-
tention. Given the strong social concerns associated with intergroup
responses and the direct relevance of these concerns to faces, research
on racial prejudice suggests an effective paradigm for studying the
effects of situation-based social anxiety on face processing. We adopted
this paradigm in the present work.

STUDY OVERVIEW

The present research examined the effects of an anxiety-eliciting social
situation and trait social anxiety on the neural processing of faces.
Unlike previous research, in which social anxiety was manipulated
by the emotional expression of face stimuli, we manipulated social
anxiety by varying whether participants’ responses to neutral faces
were publicly evaluated. White American participants viewed faces of
Black and White males with neutral expressions, as part of a computer
task purported to measure their degree of racial prejudice, while elec-
troencephalography (EEG) was recorded. Participants, who had com-
pleted a measure of dispositional social anxiety earlier in the semester,
completed this task in either a ‘private’ condition, in which their re-
sponses were private and confidential, or a ‘public’ condition, in which
their responses were ostensibly observed and evaluated for signs of
prejudice by the experimenter. In private, neither White nor Black
faces would be associated with a potential social threat, but in

"It is notable that some researchers reserve the term “intergroup anxiety” to describe anxiety about appearing
prejudiced to an outgroup member only. However, the term is also used more broadly to refer to anxiety about
appearing prejudiced to any peer or authority figure who might disapprove of a prejudiced response, as in the
present research.
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public, Black faces would be associated with the threat of negative
evaluation from the experimenter. This design allowed us to test
whether situationally elicited social anxiety affected the visual process-
ing of faces. Since the public response condition was expected to elicit
greater anxiety among participants predisposed to social anxiety con-
cerns, we examined the effect of response condition as a function of
participants’ scores on a social anxiety inventory.

Our main prediction was that social anxiety about appearing pre-
judiced in public would be associated with greater processing of Black
than White faces, because the Black faces are directly relevant to par-
ticipants’ social anxiety concerns. Hence, we predicted a larger N170
race effect among participants in the public condition who were highly
prone to social anxiety. Following previous work, low-anxiety partici-
pants and/or those responding in private were not expected to exhibit a
race effect on the N170 (He et al., 2009; Wiese et al., 2009; Ofan et al.,
2011). This pattern would provide evidence that situation-based social
anxiety enhances the visual processing of faces that are specifically
relevant to one’s socio-evaluative concerns.

It is notable that we did not ask participants to report on their state
anxiety following the manipulation. This is because past research has
shown that by asking participants to pause, in the course of the pro-
cedure, to reflect on their emotions can lessen the emotional experi-
ence and reduce the effect of the manipulation (Elliot and Devine,
1994; Lieberman et al, 2007). Nevertheless, previous studies using
this type of public/private manipulation have shown that a public
condition reliably produces strong social anxiety, relative to a private
condition (Plant and Devine, 1998; Lambert et al, 2003; Plant et al.,
2003; Amodio, 2009). Furthermore, by examining the interactive effect
of a situational threat and trait social anxiety, we could test a very
specific person X situation prediction, whereby the situational effect
would only enhance outgroup face processing among highly socially
anxious individuals. This specificity would bolster our ability to infer
that the effect was related to social anxiety.

METHODS
Participants

Forty-three right-handed, White American, native English-speaking
Introductory Psychology students participated individually for extra
course credit.

Design and procedure

After providing informed consent, participants were prepared for EEG
recording and received task instructions. Experimenters were White
females. Participants were told that on each trial, they would see an
image (White face, Black face or car) followed by a word, and that they
should categorize the word as pleasant or unpleasant via button press.
All participants were told that responses on certain trials could reveal
an influence of racial bias (e.g. errors in Black—pleasant trials) and that
they should be aware of the types of errors they made. This instruction
was given so that participants in each condition would be personally
motivated to respond without prejudice (Amodio et al., 2006).

Participants were randomly assigned to the private or public condi-
tion. Participants assigned to the private condition were told that their
responses would remain confidential, such that they should not be
concerned with external pressures to appear nonprejudiced.
Participants assigned to the public condition were told that the experi-
menter would observe their responses for signs of racial prejudice. This
procedure has been used as a strong manipulation of social concern in
past behavioral and ERP research (Plant et al., 2003; Amodio et al.,
2006).

The task included 20 practice trials and 240 experimental trials.
Trials representing the six possible types of prime-target combinations
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were randomly ordered and equally probable. Trials began with a pat-
tern mask that served as a fixation point (600 ms), followed by a prime
image (300 ms) and then a target word which remained onscreen until
a response was made (Figure 1A). Participants were encouraged to
respond within 600 ms, but responses were recorded until 1500 ms.
A “Too slow!” message followed responses that exceeded the deadline.
This deadline was used to elicit a sufficient distribution of errors for
analysis. Participants received accuracy feedback on practice trials but
not experimental trials. Stimuli and recording triggers were presented
using DMDX software (Forster and Forster, 2003).

Prime stimuli included two-tone images of 10 Black male faces, 10
White male faces and 10 cars (front view; Figure 1B). All images were
250 x 165 pixels (1 x 0.66° visual angle), with equal proportions of
black and white pixels, and thus equalized for luminance and contrast.
Previous research using these stimuli indicated that the race of two-
toned Black and White faces is highly discriminable (Ofan et al, 2011).
Target words included 10 pleasant and 10 unpleasant words that were
semantically unrelated to Black or White stereotypes or to cars (e.g.
laughter, beauty, pain and disgusting). All stimuli were presented in
the center of the computer screen. Importantly, by including clear
images of faces (and cars) and presenting them alone and at fixation,
this design held attention to the prime stimuli constant.

Questionnaires

Participants completed the Social Phobia Inventory (SPIN; Connor
et al., 2000) in a mass testing session conducted at the beginning of
the academic semester. The SPIN is a widely used 17-item self-report
measure of social phobia. Each item is rated on a 04 scale. Total
scores can range from 0 to 68; scores above 19 suggest the potential
for social anxiety disorder, and scores above 50 reflect extreme social
anxiety. Subjects rated their agreement with a list of statements
describing common anxiety-related concerns, such as ‘Being criticized
scares me a lot” and ‘Fear of embarrassment causes me to avoid doing
things or speaking to people’. The scale was reliable, « =0.85, and
prior research has established the scale’s internal consistency and dis-
criminant validity (Connor et al, 2000; Anthony et al., 2006).

Behavioral data processing

Responses with latencies between 200 and 1000 ms were included in
analyses, thereby excluding responses associated with action slips or

Time

Fig. 1 Example illustrations of two-toned face and car images, which were equated on luminance
and contrast (A) and a trial of the sequential evaluative priming task in which these visual stimuli
were presented (B).
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inattention (0.08% of trials). Response latency scores for correct re-
sponses were submitted to natural log transformation and averaged as
a function of trial type for analysis (but presented as untransformed
values). Accuracy scores were computed as a function of trial type.

EEG recording and processing

EEG was recorded from 11 Ag-AgCl electrodes (5 midline electrodes:
Fz, Fcz, Cz, Pz and Oz; 6 lateral-occipital electrodes: P7/8, PO7/8 and
P0O9/10), embedded in a stretch-lycra cap (Electrode Arrays, El Paso,
TX, USA), positioned according to the 10-10 system, referenced online
to the left earlobe (k) < 5), with a forehead ground. Vertical and hori-
zontal eye movements were recorded to facilitate artifact scoring.
Signals were amplified using a Neuroscan Synamps2 (El Paso, TX,
USA) with AC coupling, .15-100 Hz bandpass-filtered and digitized
at 1000Hz. Off-line, EEG was re-referenced to average earlobes,
scored for movement artifact, submitted to a regression-based eye-
blink-correction procedure and then digitally filtered through a
1-15 Hz bandpass.

Analyses of the N170 component focused on amplitude scores
derived from the PO10 recording site, where the N170 effect was max-
imal. To create the ERP waveforms, a 900 ms stimulus-locked epoch
was selected for each artifact-free trial beginning 100 ms prior to the
prime onset. Baseline correction procedures subtracted the average
voltage during the 100 ms prestimulus period from each epoch, and
then epochs were averaged within their respective trial type. For each
subject, the N170 was scored as the peak negative amplitude between
150 and 210 ms following face onset.

RESULTS

Four participants were excluded from analysis: one for excessive EEG
artifact and three for extreme SPIN scores (>49), yielding 39 partici-
pants for analysis (mean SPIN score = 18.26, s.d. =9.60).

Task behavior

A preliminary analysis of participants’ task behavior revealed the typ-
ical pattern of implicit racial bias. A 2 (race: Black vs White face) x 2
(target word: positive vs negative) analysis of variance (ANOVA) con-
ducted on response latencies produced a significant interaction,
F(1,37) =5.46, P=0.02 (Figure 2A). Simple effect tests indicated
that pleasant words were categorized more quickly following White
faces (M=523.86, s.d.=46.68) than Black faces (M=533.18,
s.d.=43.33), #(38) =2.17, P=0.04. Responses to negative words fol-
lowing White faces (M=539.72, s.d.=44.75) and Black faces
(M=535.28, s.d.=47.12) did not differ significantly in latency,
#(38) =1.56, P=0.13. An ANOVA testing the effects of race and
target word on response accuracy also produced a significant inter-
action, F(1,37)=7.08, P=0.01 (Figure 2B). Simple effect tests indi-
cated that pleasant words were categorized more accurately following
White faces (M =95.12%, s.d. =3.62) than Black faces (M= 93.12%,
s.d.=4.54), #(38) =2.51, P=0.02. Accuracy in responses to negative
words following White faces (M= 92.96%, s.d. =5.62) and Black faces
(M=94.11%, s.d.=4.75) did not differ significantly, #38)=1.39,
P=0.17.% Together, these findings replicate the typical pattern of
racial bias found using reaction-time tasks; here, as in several previous
studies, the effect was driven primarily by stronger positive associ-
ations with White ingroup faces than with Black outgroup faces
(Fazio et al, 1995; Dovidio et al, 1997; Conrey et al., 2005;

% When accuracy rates for trials involving car primes were included in a 3 (Prime: White face vs. Black face vs. car) x
2 (Target word: positive vs. negative) ANOVA, the interaction remained significant, F(2, 76) =4.78, p = .01, driven
by the effects of race described in the main text. A paired t-test indicated that accuracy was not significantly
different on car-positive (M =.94, SD=.06) and car-negative trials (M = .96, SD = .04), (38) = 1.70, p =.10.
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Fig. 2 White faces were more strongly associated with positive words than negative words, in
comparison with Black faces, as indicated by response latencies (A) and accuracy rates (B) as a
function of trial type.

Ofan ef al,, 2011). This pattern also indicated that participants had
substantial reason to fear social evaluation in the public condition.

N170 effects

Preliminary analyses to establish the N170 as a face-specific response
confirmed that the N170 was larger to faces (Black: M= —7.33,
s.d.=4.12; White: M= —7.36, s.d. =4.55) than to cars (M= —6.21,
s.d.=4.3), P<0.01 (Figure 3), and that the face-related N170 was
more pronounced in the right hemisphere (M= —6.97, s.d.=4.08)
than the left hemisphere (M= —4.87, s.d.=6.40), F(1, 37)=3.93,
P=0.05. This pattern replicated typical findings in the N170 literature
(e.g. Bentin et al., 1996; Carmel and Bentin, 2002). Hence, subsequent
analyses focused on right-hemisphere N170 responses to faces.

On average, across conditions, N170 responses to Black and White
faces did not differ, P=0.95, as in previous studies (Carmel and
Bentin, 2002; Caldara et al., 2003, 2004; Ofan et al., 2011; but see
also Ito and Urland, 2005; Walker et al., 2008). However, our main
goal was to test whether the relative difference in N170 amplitude
between Black and White faces varied as a function of condition and
trait social anxiety. To this end, a difference score was computed by
subtracting the N170 amplitude for White faces from that of Black
faces, separately for each participant, as in Ofan et al. (2011). This ‘race
N170 score reflected the relative difference between the processing of
Black and White faces, such that more negative scores reflect greater
processing of Black faces than White faces. This allowed us to test our
main hypothesis using multiple regression.

The interactive effect of response condition (public vs private, coded
as 1 and —1, respectively) and the continuous measure of trait social
anxiety on the race N170 score was tested using regression. This ana-
lysis produced only a significant interaction, = —0.39, t=2.54,

R.H.Ofan et al.

P=0.02 (predicted values are illustrated in Figure 4). Simple-slope
analyses indicated that in the public condition, participants with
higher dispositional social anxiety exhibited larger N170 race effects,
B=—0.60, t=—2.69, P=0.01, suggesting greater processing of Black
faces. This pattern was not observed in the private condition, $=0.17,
t=0.83, P=0.41. That is, greater processing of Black than White faces
was observed only in public and only among participants with high
trait social anxiety. This pattern of results supported our main
hypothesis.

Additional analyses that compared the N170 to car images, in rela-
tion with either Black faces, White faces or the average of White and
Black faces, did not produce significant effects of trait anxiety, response
condition or their interaction (P’s ranged from 0.13 to 0.79). These
analyses further suggest that the interactive effect of social anxiety and
response condition pertained to the relative difference in the N170 to
Black compared with White faces.

Relationship between N170 and task behavior

Although not the primary focus of this experiment, we conducted
supplementary analyses to examine the association between the N170
effects and task behavior. A large body of research has shown that
anxiety is typically associated with behavioral freezing (Blanchard
and Blanchard, 1969; Davis, 1992) and disrupted attentional focus
(i.e. attention toward the source of threat and away from a secondary
task; Easterbrook, 1959; Aston-Jones and Cohen, 2005). In the context
of the priming task used here, greater processing of the face primes
(a threat cue for some participants) could interfere with the categor-
ization of the target words (see also Ofan et al, 2011). Thus, we ex-
pected that, in public, larger N170 responses to Black compared with
White faces would be associated with worse overall accuracy on face
trials (response slowing would be predicted, too, but given the short
response deadline, the effect was expected to emerge in terms of ac-
curacy rather than latency). We did not expect to find this relationship
in the private condition.

Average response accuracy scores for face trials were submitted to a
regression analysis, in which the condition, N170 race score, and their
interaction were included as predictors. The only significant effect to
emerge from this analysis was the Condition x N170 interaction,
B=0.35, t=2.25, P=0.03. Simple-slope analyses indicated that in
the public condition, the tendency to exhibit a larger N170 to Black
than White faces was associated with worse task performance, 8 =0.41,
t=1.76, P=0.087. That is, enhanced processing of the threat-related
faces appeared to detract from the main task goal of classifying target
stimuli (as in Ofan et al., 2011). In the private condition, the N170
score was not significantly associated with behavior, = —0.30,
t=—01.41, P=0.17. Additional analyses indicated that this interaction
pattern was evident for each trial type, although not all reached sig-
nificance (B’s ranging from —0.18 to —0.45, P’s ranging from 0.01 to
0.31), and that these effects were not significantly different from each
other. Overall, this pattern suggests that in a socio-evaluative situation,
enhanced processing of anxiety-relevant faces may shift processing re-
sources away from one’s main task goal overall (i.e. across trials types)
and toward the source of the threat.”

Although the experimental task was optimized for an analysis of
accuracy rates, we conducted a supplementary analysis testing the ef-
fects of condition, N170 race score and their interaction on the average
response latency across trial types while adjusting for trait social anx-
iety. A significant effect emerged only for the N170 race score,
B=—-0.35 t=-2.20, P=0.03, indicating that participants with
larger N170 amplitudes to Black than White faces responded more
slowly on the task. Additional analysis indicated that this main effect
was evident for each trial type (B’s ranging from —0.25 to —0.37, P’s
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Fig. 3. Event-related potential waveforms recorded at the right temporo-occipital site, illustrating a
larger N170 response to both White and Black faces than to car images. On the X-axis, zero
represents the onset of the face or car image on the screen. The inset topographic voltage map
for the peak N170 amplitude shows that is most pronounced over the right temporo-occipital brain
region.

ranging from 0.02 to 0.13), and these effects were not significantly
different from each other. Although the interaction was not significant,
B=—0.12, t=—0.78, P=0.44, the main effect of the N170 race score
is consistent with the idea that the tendency to engage greater visual
processing of Black than White face primes may reflect a degree of
response freezing—the primary behavioral expression of anxiety—and
hence with worse performance on the speeded categorization of target
words.

DISCUSSION

Social anxiety emerges in social situations in which an individual fears
the negative evaluation of others. Here, we demonstrated that situ-
ationally induced social anxiety enhances the neural processing of
faces that represent the source of one’s socio-evaluative concern.
When responding in public, under observation for signs of racial
prejudice, high-anxiety participants evidenced greater visual encoding
of Black faces than White faces, as indicated by the N170 index of
neural activity. In this case, participants knew that responses to
Black faces could reveal their racial prejudice to a disapproving obser-
ver, and thus Black faces were strongly relevant to their socio-evalu-
ative concerns. But when responding in private, away from the scrutiny
of the evaluative observer, the same faces no longer received preferen-
tial processing. These results suggest that social anxiety, as it arises
from an evaluative social context, can affect the initial stages of face
processing—in effect, enhancing the perception of faces that signal a
social threat.

It is notable that we did not assess participants’ reported social
anxiety directly in this experiment. We omitted this type of measure
to avoid drawing participants’ attention to their subjective feelings, as
past research has shown that subjective focus on one’s emotional re-
sponse to a manipulation can reduce the effect of the manipulation on
other psychological processes (Elliot and Devine, 1994). Instead, we
used a person X situation approach to show that the situational ma-
nipulation of socio-evaluative threat only produced an effect among
participants with a dispositional tendency for social anxiety. The se-
lective effect afforded by this design strengthened our inference that
our results were due to social anxiety. Furthermore, previous research
using a similar type of public response manipulation has shown that it
successfully induces anxiety (e.g. Lambert et al, 2003). Nevertheless, it
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Fig. 4. Predicted values of the N170 race effect, illustrating the interaction of response condition
and participants’ degree of trait anxiety, computed at 1 s.d. below and above each mean. Error bars
represent 1 s.e.m.

would be useful for future research on social anxiety and face percep-
tion to include unobtrusive indicators of anxiety, such as physiological
measures of autonomic activity, to further strengthen such inferences.

A major contribution of this research is that it highlights the critical
role of the social situation in social anxiety processes. Much prior
research has examined social anxiety effects on face processing in
nonsocial situations, illuminating basic anxiety effects on social stimuli
(e.g. Schupp et al, 2004). The present research provides a critical ad-
vance in this line of inquiry, however, by situating this process in a
realistic social context that produces strong socio-evaluative concerns.
In this way, our research captured the essence of the social anxiety
experience and showed that it can enhance the processing of faces that
are relevant to one’s socio-evaluative concern.

N170 modulation as a motivated response strategy

Although our findings focus on the effect of social anxiety on the N170
response to faces, we propose that the N170 effect represents a strategic
shift in perceptual sensitivity that serves the goal of protecting oneself
from social disapproval. This shift may be adaptive in some situations
but not others. For example, Amodio (2010) found that greater early
perceptual attention to Black than White faces, as indicated by the P2
ERP component, was associated with a behavioral pattern of greater
control and less racial bias. In this case, participants knew that Black
faces might prime them to respond with prejudice and, thus, in the
absence of socio-evaluative threat, Black faces served as a cue for enga-
ging a more controlled response strategy. Importantly, however, this
adaptive pattern occurred among participants with egalitarian racial
attitudes who completed the task in private, absent social anxiety
concerns.

By comparison, in an investigation of face encoding processes by
Ofan et al. (2011), larger N170 responses to Black than White faces
were associated with worse behavioral control. In this study, partici-
pants completed the task in private, and half were alerted to the pos-
sibility that their performance could reveal racial bias. Here, greater
early visual processing of faces interfered with effective behavioral con-
trol. That is, task performance depended on accurate responding to
word targets, and so the enhanced processing of faces may have dis-
tracted participants’ focus away from the targets. In this context, the
greater processing of Black faces interfered with successful task
completion.

Indeed, the pattern of N170 effects on behavior in the present study
matched this pattern observed by Ofan et al. (2011). That is, in public,
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but not in private, larger N170 differences to Black than White faces
were associated with lower task accuracy. Social anxiety appeared to
increase processing of the threat while impairing effective action on the
task. In terms of task performance, our results suggest that social anx-
iety promotes a response strategy that may be maladaptive. However, it
is likely that in another context, such as when a social threat must be
dealt with directly, the enhanced processing of faces representing the
source of threat would be adaptive. More broadly, these findings are
consistent with the idea that motivated changes in perception consti-
tute a self-regulatory function.

Studying social anxiety in the intergroup context

Although we presented our research as examining general mechanisms
of social anxiety and visual processing, we were also interested in the
implications of these findings for intergroup relations. Past research on
prejudice and stereotyping has shown that intergroup anxiety can
amplify implicit prejudice (Amodio and Hamilton, 2012), interfere
with cognitive control (Lambert et al, 2003; Amodio, 2009) and
harm cross-race friendships (West et al.,, 2009). However, it has not
previously addressed whether intergroup anxiety might also affect how
people ‘see’ members of the ingroup and outgroup. This question is
important because subtle biases in visual perception may be difficult to
detect, and thus resistant to control, yet they lay the foundation for
subsequent judgments and impressions of a person. Our research
offers new evidence that intergroup anxiety can indeed tune the
visual perception of faces, beyond attentional effects of intergroup
anxiety suggested by previous research (e.g. Monteith et al, 2002;
Richeson and Trawalter, 2008; Amodio, 2010; Bean et al., 2012).
Specifically, we found that anxiety about appearing prejudiced to an
observer enhanced the encoding of outgroup faces, which were directly
relevant to the source of anxiety, as compared with ingroup faces. This
suggests that intergroup anxiety effects on cognition and behavior may
arise from biases in early visual processing. To the extent this is true, it
may be possible to develop new interventions to reduce bias in per-
ception, in addition to interventions that target biases in downstream
responses (e.g. Monteith et al., 2002; Mendoza et al., 2010).

The present research also highlights the relevance of social psycho-
logical research on intergroup bias for the understanding of basic
mechanisms of anxiety and visual perception. The intergroup
domain provides a rich context for examining the interplay of visual
face processing, personal goals (e.g. to respond without prejudice),
social concerns and behavior in an experimentally controlled
manner. Indeed, there is a substantial literature on intergroup anxiety
in the field of social psychology, though its contact with other litera-
tures on social anxiety is limited. These social psychological studies
have investigated how social anxiety arising from intergroup situations
affects a range of psychological processes, including categorization (i.e.
stereotyping), cognitive control, attitudes, physiological responses and
behavior (e.g. Rankin and Campbell, 1955; Britt et al., 1996; Lambert
et al., 2003; Plant and Devine, 2003; Littleford et al., 2005; Richeson
and Trawalter, 2008; Trawalter et al., 2009; Amodio, 2009; Amodio and
Hamilton, 2012). Although designed to address social psychological
processes, findings from these studies can also inform basic
psychological mechanisms of social anxiety. Thus, the intergroup
anxiety literature has much to contribute, with its theoretical advances
and powerful methods, to the broader field of research on social
anxiety.

Evidence for the top—down modulation of the N170

Our findings are also relevant to the longstanding debate on whether
early stages of visual face processing are subject to top—down influ-
ences. Traditional models posit that face perception is a hierarchical
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process influenced only by bottom—up informational streams (Bruce
and Young, 1986). According to this view, the configural processing of
a face is relatively veridical with respect to the visual percept, and thus
this form of processing, indexed by the N170, should not be subject to
top—down modulation. However, this view has been challenged in
recent years, with an increasing number of investigations demonstrat-
ing top—down effects on the N170 and other neural indicators of early
face processing (e.g. Golby et al., 2001; Van Bavel et al., 2008; Ofan
et al., 2011). For example, knowledge of whether a face represents a
member of one’s own arbitrary social group has been found to mod-
erate the N170 amplitude toward faces that are otherwise visually in-
distinguishable (Ratner and Amodio, 2013).

The present work provides new evidence that situation-based social
anxiety, and the motivational strategies it may invoke, produces top—
down signaling to early visual mechanisms to strategically modulate
the initial encoding of a face. By demonstrating that socio-affective
responses modulate early face processing, this research provides new
insight into how socio-evaluative concerns can shape one’s perceptual
experience. Broadly, it advances the debate on whether the face-related
N170, and other early components of neural face processing, may be
influenced by the top—down effects of prior information, emotion and
context.

CONCLUSION

Social anxiety is unique among other forms of anxiety in that it
emerges in the context of social situations. By examining responses
in a socio-evaluative context, the present findings suggest that social
anxiety may influence the way we ‘see’ other people, informing basic
theories of visual perception and suggesting new perspectives on how
visual processes may relate to social behavior.
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