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a b s t r a c t

Social anxietydthe fear of social embarrassment and negative evaluation by othersdranks

among people's worst fears, and it is often thought to impair task performance. We

investigated the neurocognitive processes through which trait social anxiety relates to task

performance, proposing a model of the joint contributions of reactive control, theoretically

associated with conflict monitoring and activity of the dorsal anterior cingulate cortex

(dACC), and proactive control, theoretically associated with top-down regulation and ac-

tivity of the dorsolateral prefrontal cortex (dlPFC). Participants varying in their degree of

trait social anxiety completed the Eriksen flanker task while electroencephalography (EEG)

was recorded. Task-related left dlPFC activity was indexed by relative left prefrontal EEG

(inverse alpha), and conflict-related dACC activity was indexed by the N2r component of

the event-related potential. Stronger activity in both regions predicted better response

control, and greater social anxiety was associated with worse response control. Further-

more, for all participants, greater left prefrontal EEG activity predicted better behavioral

control, but for high social anxiety participants only, greater N2r responses also predicted

behavioral control. This pattern suggests that high social anxiety individuals relied more

strongly on a reactive control pattern, driven by conflict-related dACC activity, whereas low

social anxiety individuals engaged a proactive control pattern, driven primarily by dlPFC

activity. These findings support a model of control that involves different patterns of

interplay between proactive and reactive strategies and may help to explain self-regulatory

impairments in social anxiety.

© 2015 Published by Elsevier Ltd.

1. Introduction

When people are asked to rank their greatest fears, the fear of

public embarrassment often tops the list. According to some

popular surveys, fear of public speaking even outranks fear of

one's own death (Croston, 2012). Considering the importance

of community support and social standing for human sur-

vival, the desire to avoid embarrassment, criticism and social

rejection should not be surprising (Williams, 2007). What is

ironic, perhaps, is that social anxiety, born out of the need to

performwell in front of others, is often thought to undermine

* Corresponding author. Department of Psychology, New York University, 6 Washington Place, New York, NY 10003, USA.
E-mail address: david.amodio@nyu.edu (D.M. Amodio).

Available online at www.sciencedirect.com

ScienceDirect

Journal homepage: www.elsevier.com/locate/cortex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129

c o r t e x x x x ( 2 0 1 5 ) 1e9

CORTEX1495_proof ■ 27 June 2015 ■ 1/9

http://dx.doi.org/10.1016/j.cortex.2015.05.030
0010-9452/© 2015 Published by Elsevier Ltd.

Please cite this article in press as: Schmid, P. C., et al., Neural mechanisms of proactive and reactive cognitive control in social anxiety,
Cortex (2015), http://dx.doi.org/10.1016/j.cortex.2015.05.030

mailto:david.amodio@nyu.edu
www.sciencedirect.com/science/journal/00109452
www.elsevier.com/locate/cortex
http://dx.doi.org/10.1016/j.cortex.2015.05.030
http://dx.doi.org/10.1016/j.cortex.2015.05.030
http://dx.doi.org/10.1016/j.cortex.2015.05.030


performance, especially on relatively difficult tasks that

require a high degree of cognitive control.

Although the notion of “choking under pressure” has

received empirical support (e.g., Baumeister, 1984; Beilock &

Gray, 2007; Wittchen, Fuetsch, Sonntag, Mueller, &

Liebowitz, 2000), the extent to which individuals' degree of

dispositional social anxiety affects performance on tasks that

require cognitive control has received less attention. This is an

important question, as cognitive controldthe process that

governs one's ability to adapt to changing environments while

maintaining goal directed behaviordis required in many sit-

uations in daily life. In the present research, we asked

whether social anxiety is associated with impaired cognitive

control and, to the extent that it is, whether different mech-

anisms of control are recruited depending on individuals' level
of social anxiety when performing a task that requires

cognitive control. To this end, we examined the relationship

between trait social anxiety and cognitive control perfor-

mance, and compared the roles of two major neural sub-

strates of cognitive controldthe left dorsolateral prefrontal

cortex (dlPFC) and the anterior cingulate cortex (ACC),

assessed using electroencephalography (EEG)din individuals

reporting relative high and low degrees of social anxiety.

1.1. Cognitive control: psychological mechanisms and
neural substrates

People often encounter situations where they must override a

dominant response in order to behave in an intendedmanner.

Whether this involves sticking to one's diet despite a tasty

dessert offering or treating someone fairly without the bias of

implicit stereotypes, cognitive control is often critical to the

pursuit of personal goals (Amodio et al., 2004; Devine, 1989;

Heatherton, 2011). In the laboratory, cognitive control is

typically investigated using response conflict paradigms such

as the Stroop (Stroop, 1935) or flanker (Eriksen& Eriksen, 1974)

tasks. These tasks manipulate the need for cognitive control

by creating situations in which the attainment of a task goal is

either disrupted (or not) by task irrelevant distractors. For

example, in the flanker task, participants are required to

quickly and accurately identify a target letter placed in the

middle of a letter string. The target stimulus is surrounded by

non-target stimuli, which correspond either to the same

response as the target (congruent trials; e.g., HHHHH) or to the

alternative response (incongruent trials; e.g., SSHSS). Incon-

gruent trials (but not congruent trials) elicit response conflict,

and enhanced control is required to override the counter-

vailing tendency in order to deliver an intended (i.e., correct)

response.

A dominant neurocognitive model proposes that control

involves two main components: conflict monitoring and

response implementation (Botvinick, Braver, Barch, Carter, &

Cohen, 2001; Botvinick & Cohen, 2014). Conflict monitoring is

the process by which conflict between higher-level goals and

lower-level response tendencies is detected, and both fMRI

and ERP studies have linked this process with activity in the

dorsal ACC (dACC; e.g., Kerns et al., 2004). As conflict levels

rise, the dACC is believed to increase its signaling to regions of

the dorsolateral prefrontal cortex (dlPFC). The dlPFC supports

goal representation and response selection, and aids in

exerting top-down regulative control on behavior. This process

describes a reactive control process, such that control is

engaged in reaction to the detection of conflict (Botvinick

et al., 2001; Braver, 2012).

Alternatively, control may be driven by a top-down goal-

directed strategy, associated with expectancy, preplanning,

and vigilance, that may operate independently of the conflict

monitoring process. This proactive control process is associated

with activity in the dlPFC but not the dACC (Amodio, 2010;

Braver, 2012). The proactive/reactive framework described

above builds on models that distinguish between the early

selection of an intended response strategy and a late correc-

tion process that is triggered only when a response conflict is

experienced (e.g., Botvinick et al., 2001; Gratton, Coles, &

Donchin, 1992; Jacoby, 1991). A consideration of these two

forms of control, and their neural substrates, has been useful

for explaining why some individuals tend to succeed or fail in

self-regulation on tasks requiring cognitive control (e.g.,

Amodio, 2010; Amodio, Devine, & Harmon-Jones, 2007; Amo-

dio, Master, Yee, & Taylor, 2008).

1.2. Social anxiety and cognitive control

The existing links between social anxiety and impaired task

performance, reviewed above, suggests that trait social

anxiety may be associated with impairment in aspects of

cognitive control. To date, research addressing this hy-

pothesis has focused on the degree to which socially-

threatening stimuli interfere with task performance, as

compared with non-threatening stimuli. The general finding

of this work is that socially anxious people perform worse in

the presence of socially-threatening distractors compared

with healthy controls (Amir, Freshman, & Foa, 2002; Becker,

Rinck, Margarf, & Roth, 2001; Grant & Beck, 2006; Lundh &
€Ost, 1996; Maidenberg, Chen, Craske, Bohn, & Bystritsky,

1996). Although these studies revealed that highly socially

anxious individuals are particularly sensitive to socially

threatening distractors, they did not address our more

general question of whether social anxiety is associated

with worse cognitive control, and whether individuals with

high versus low social anxiety tend to rely on different

forms of control when performing tasks that entail response

conflict.

Insights related to these questions come from research in

cognitive neuroscience that has begun to examine the roles of

ACC and dlPFC activity in control processing among anxious

individuals. In particular, conflict-related ACC activity has

been associated with some forms of anxiety. For example,

patients with obsessive-compulsive disorder exhibited larger

amplitudes of the error-related negativity (ERN) component of

the ERP (which is primarily generated in the dACC) than non-

anxious controls while responding to incongruent trials of the

Stroop task (Gehring, Himle, & Nisenson, 2000; Hajcak &

Simons, 2002; Soenke et al., 2001). This pattern has also been

observed among individuals high in general anxiety (Hajcak,

McDonald, & Simons, 2003; Moser, Moran, Schroder,

Donellan, & Yeung, 2013). In the same vein, trait and state

anxiety have been related to stronger conflict-related ACC

activity, as assessed by the N2 ERP component during

completion of the Go/No-Go task (Righi, Mecacci, & Viggiano,
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