
Anxiety is a negative emotion frequently accompanied 
bby changes in cognitive processing. The behavioral expres-
sion of these changes has been extensively studied, but 
their neural substrate is not well understood. Behaviorally,
abnormalities in attentional control are often seen when
subjects are presented with threat-related stimuli or distrac-
tors thought to be anxiety inducing (Fox & Georgiou, 2005;
Koster, Crombez, Verschuere, Van Damme, & Wiersema,
2006). In addition, individuals who are temperamentally
anxious show impairments in cognitive tasks that lack any
explicit threat-related material. For example, there is evi-
dence that trait anxiety reduces working memory (Derak-
shan & Eysenck, 1998; Leon & Revelle, 1985; Richards, 
French, Keogh, & Carter, 2000; Tohill & Holyoak, 2000),

p g ( g , , ;as well as complex reasoning (e.g., Darke, 1988; Derakshan 

& Eysenck, 1998; Richards et al., 2000; Zarantonello, Slay-
maker, Johnson, & Petzel, 1984). This research suggests 

 that trait or state anxiety can modulate cognitive control
even when the stimuli themselves are not anxiety inducing. 
Moreover, in cognitive tasks without affectively valenced 

tstimuli, impairments are found with difficult tasks, but not
with easy ones. Several studies have manipulated task dif-ff
ficulty and working memory load, reporting anxiety defi-
cits only at the more difficult levels (Calvo, 1985; Calvo & 
Ramos, 1989; Calvo, Ramos, & Estevez, 1992; Eysenck,
1982, 1985; Eysenck & Calvo, 1992; Hamilton, 1978).

Anxiety and Processing Efficiency
Results such as these have led some researchers to sug-

gest that anxiety does not affect cognitive abilities directly, gest that anxiety does not affect cognitive abilities directly,
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According to the processing-efficiency hypothesis (Eysenck, Derakshan, Santos, & Calvo, 2007), anxious in-
 dividuals are thought to require greater activation of brain systems supporting cognitive control (e.g., dorsolateral

prefrontal cortex; DLPFC) in order to maintain equivalent performance to nonanxious subjects. A recent theory prefrontal cortex; DLPFC) in order to maintain equivalent performance to nonanxious subjects. A recent theory
rof cognitive control (Braver, Gray, & Burgess, 2007) has proposed that reduced cognitive efficiency might occur 

as a result of changes in the temporal dynamics of DLPFC recruitment. In this study, we used a mixed blocked/
event-related fMRI design to track transient and sustained activity in DLPFC while high- and low-anxious partici-
pants performed a working memory task. The task was performed after the participants viewed videos designed pants performed a working memory task. The task was performed after the participants viewed videos designed

d to induce neutral or anxiety-related moods. After the neutral video, the high-anxious participants had reduced
sustained but increased transient activation in working memory areas, in comparison with low-anxious par-rr
ticipants. The high-anxious group also showed extensive reductions in sustained activation of “default-network” 

 areas (possible deactivation). After the negative video, the low-anxiety group shifted their activation dynamics in
cognitive control regions to resemble those of the high-anxious group. These results suggest that reduced cogni-
tive control in anxiety might be due to a transient, rather than sustained, pattern of working memory recruitment. 
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reactivated only as needed (that is, when a task-relevant 
stimulus is encountered, or conflict occurs in processing).
Reactive control is thus thought to entail weaker prepara-
tory attentional biases, and processing is therefore more 
easily influenced by bottom-up input. As such, this type 
of control would be more desirable when unpredictable 
threats are possible in the environment, or when environ-
mental monitoring or responsivity to changing task con-
tingencies are needed. In such cases, top-down control
of attention could be a liability, since a bias to perceive 
only specific kinds of stimuli would leave the organism
slower to respond to unexpected threats. The DMC theory 
posits that these two forms of cognitive control are used 
by virtually all people at different times. However, Braver 
et al. also speculated that although proactive control may 
be more effective in performing certain types of cogni-
tive tasks, anxious people may be more prone to reactive
control in many situations as an adaptation to the pres-
ence of anxiety arousal and the need for environmental 
vigilance. In neuroimaging terms, this would suggest that 
high-anxiety states or traits should be linked to greater 
transient activation, but less sustained activation, in areas 
such as DLPFC or other cognitive control regions.

Anxiety–Cognition Interaction in the Brain
A small number of studies have examined the effects

of anxiety on cognitive control areas during performance 
of cognitively demanding tasks. One group (Eisenberger, 
Lieberman, & Satpute, 2005) found that dorsal ACC activ-
ity increases with trait neuroticism, and another (Dolcos 
& McCarthy, 2006) showed that lateral PFC activity de-
creases with threat distractors. Bishop et al. (2004) found 
reduced recruitment of DLPFC in higher-anxiety partici-
pants as they encountered cues that predicted frequent
threat-related distractors in an attentional task. Although
informative, these studies were not designed to dissociate
transient and sustained response to the tasks.

A second route by which anxiety might influence
cognitive control and the associated brain regions is by 
modulating regions involved in emotional processing, 
chiefly ventromedial PFC (Simpson, Snyder, Gusnard, & 
Raichle, 2001) and the amygdala (Dolcos & McCarthy, 
2006). In a comprehensive review of anxiety effects on
attentional control, Bishop (2007) has suggested that, in 
comparison with nonanxious individuals, people expe-
riencing state anxiety show hyperresponsive amygdala 
activity in the presence of threat-related distractors, and 
that trait-anxious individuals, in particular, are also likely 
to show reduced regulatory response in lateral prefron-
tal cortex. Ventromedial PFC regions have usually been
included in the “default-mode” system, a network of re-
gions (Shulman et al., 1997) whose activity is closely, but
inversely, related to processing in cognitive control areas. 
The default network (consisting of medial PFC, left lat-
eral inferior PFC, posterior cingulate/precuneus, lateral
parietal cortex, left inferior temporal lobe, and some-
times the amygdala) has been proposed to support a broad 
spectrum of cognitively undemanding functions, such
as environmental or visuospatial monitoring, social and 
self-referential processing, emotion processing and emo-

but rather the efficiency with which cognitive tasks are 
performed. To explain inconsistent findings in the litera-
ture on anxiety and cognitive function, Eysenck and Calvo
(1992; Eysenck, Derakshan, Santos, & Calvo, 2007) pro-
posed a processing efficiency theory. According to this
theory, anxious arousal may lead to worry and ruminative
thoughts intended to dispel dysphoric feelings (Borkovec
& Roemer, 1995). This threat-related thinking is believed 
to intrude on normal cognition by taking up valuable 
working memory resources. Additionally, anxiety-related 
autonomic activity (in response to anxiety-inducing task 
stimuli) may further impair cognitive control by distract-
ing anxious individuals from focusing on the task at hand.
However, a high level of motivation to reduce the aver-
sive state may lead to a compensatory enhancement of 
cognitive effort, in order to maintain a standard level of 
performance. Such enhanced effort could be associated 
with increased activation in brain regions associated with
cognitive control, such as dorsolateral or ventrolateral pre-
frontal cortex (DLPFC or VLPFC) or dorsal anterior cin-
gulate (ACC; Cazalis et al., 2003; Donohue, Wendelken,
& Bunge, 2008; Wagner, Maril, Bjork, & Schacter, 2001). 
If so, this pattern would be consistent with neuroimaging
studies that interpret relatively greater activation in cogni-
tive control areas (given equal performance) as a sign of re-
duced processing efficiency (Gray et al., 2005). However,
anxiety has also been associated with underactivationrr  in
cognitive control neural circuits (Bishop, 2007; Bishop, 
Duncan, Brett, & Lawrence, 2004), a finding which has 
also been interpreted as deficient recruitment of cognitive
control. Thus, simply examining over- or underutilization 
of a neural area may not be optimally informative about
cognitive abilities in anxious subjects. Either reduced or 
enhanced neural recruitment may reflect differences in
efficiency, motivation, or effort, or in the capacity to acti-
vate regions when needed; or in some combination of all 
of these.

Dual Mechanisms of Cognitive Control
A different approach to cognitive efficiency stresses

the dynamics of cognitive control recruitment, suggesting 
that cognitive control can be exerted in either a sustained 
or a transient fashion, depending on the task context or 
demands. This theory, termed dual mechanisms of con-
trol (Braver, Gray, & Burgess, 2007), postulates that therel
are really two types of cognitive control, corresponding to 
when control mechanisms are exerted. Proactive control,
emphasizing early selection of attentional focus, would be
exemplified by a sustained representation of task require-
ments or goals throughout periods of high control demand.
This sustained task representation would allow for more 
effective top-down control of processing: It is considered 
to promote preparatory attentional and response biases 
and the prevention (or resolution) of conflict during ongo-
ing processing. By contrast, reactive control would havel
an only-when-needed “late correction” character. In reac-
tive mode, when task goals are first encoded, they may
be represented only transiently in working memory. After 
that, they may not be maintained in a continuously ac-
tive state. With reactive control, task representations are
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network areas? We predicted that trait anxiety might be
associated with reduced sustained activation in cognitive
control areas if anxious individuals were less able to main-
tain an ongoing attentional focus. We also hypothesized 
that trait anxiety might be associated with increases in 
sustained activation in the default network (especially 
emotion-processing areas such as ventromedial PFC).

2. Would trait anxiety in a neutral mood modulate the 
level of transient activity in cognitive-control or default-
network areas? We predicted that anxiety would modulate 
transient responses generally across all trial types, but also
show additional trial-type-specific effects. Across all trial
types, we expected that trait-anxious individuals would 
show greater transient activity in cognitive control areas if 
they had to compensate for reduced sustained activation.
For individual trial types, we predicted that trait-anxious 
participants would have difficulty transiently reducing ac-
tivation (deactivating) in default-mode regions in response 
to the more difficult trial types. In addition, we expected 
that we might also see alterations in recruitment of cogni-
tive control regions for the more difficult trials.

3. Would a negative mood state after an anxiety-
inducing video modulate sustained or transient activity?
We reasoned that either sustained or transient responses
might show such modulation, and that induced state anxi-
ety could also have either of two general effects on the two 
groups. First, an increase in negative mood could have a
main effect across the two groups, leading both to increase 
anxiety-related recruitment patterns; that is, a negative 
mood might induce low-anxiety participants to activate 
brain regions in a manner similar to those seen in high-
anxiety participants in a neutral mood, but exacerbate, in 
the high-anxious group, the differences already seen in 
the neutral condition. Alternatively, the negative mood 
induction might interact with trait anxiety, in that the low-
anxious group would increase signs of anxiety-related 
processing (reduced sustained and increased transient re-
cruitment of cognitive control regions), whereas the high-
anxiety participants would not change (e.g., if they were 
already at asymptotic anxiety levels at baseline).

METHOD

Participants
A total of 102 participants (Washington University students and 

individuals from the surrounding community), screened for neu-
rological disorders and use of psychoactive drugs, took part in
the study (Table 1) after giving informed consent. Of participants
completing all tests, 6 were eliminated because of a significantly 
depressed mood (score greater than 25 on the Beck Depression In-
ventory [BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 1961]), 
poor performance on the behavioral task, or insufficient numbers of 
trials for one of the conditions. Of the remaining participants (n
96, 41 males and 55 females), mean age 22.2 years (SDSS 4.9), no
participant was older than 36. All participants were right-handed. An 
overall anxiety score was computed for each of the 96 participants
on the basis of their responses to assessments of anxiety and worry 
(see below). These scores were then used to select participants in
the highest and lowest 20% (approximate) groups with respect to 
anxiety scores (high-anxiety, n 20; low-anxiety, n 20). There
were 11 males and 9 females in the low-anxiety group and 3 males 
and 17 females in the high-anxiety group. Participants were paid 

tional memory, autobiographical memory, and mediation
of resting-state mental activity (Drevets, 2001; Greicius,
Krasnow, Reiss, & Menon, 2003; Gusnard & Raichle,
2001; Maddock, 1999; Maddock, Garrett, & Buonocore,
2003; Mazoyer et al., 2001). More importantly, default 
regions have been characterized as a “network” precisely
because they tend to collectively grow less active (possi-
bly reflecting active suppression) just when cognitive con-
trol areas become more active (Drevets & Raichle, 1998;
Shulman et al., 1997). In particular, default areas tend 
to show decreasing activation as cognitive tasks become 
more difficult (Greicius et al., 2003; McKiernan, Kauf-ff
man, Kucera-Thompson, & Binder, 2003). More recently,
Weissman and colleagues (Weissman, Roberts, Visscher,
& Woldorff, 2006) have reported a loss of deactivation 
of default-network regions for trials in which response 
times (RTs) suggest momentary lapses in attention. These 
studies are consistent with the hypothesis that reduced ac-
tivation in default areas plays a role in efficient cognitive 
processing, and that performance might in fact depend 
on this reduction. Importantly, default-network regions 
(especially ventromedial PFC) most commonly show in-
creased activation (reduced deactivation) in the presence
of anxiety (trait or state) when no cognitive task is required 
(Simpson, Drevets, Snyder, Gusnard, & Raichle, 2001; 
Zald, Mattson, & Pardo, 2002). Emotional modulation of 
default regions thus may prevent the decreased activation 
needed for optimal cognitive efficiency, which might in
turn impair or even directly suppress activity in cognitive-
control regions. However, Simpson and colleagues (Simp-
son, Drevets, et al., 2001; Zald et al., 2002) also found 
that individuals with lower trait anxiety responded to an
anxiety induction by reducing activation in ventromedial
PFC. This suggests that in some situations, state or trait
anxiety could lead to a compensatory strategy of reduced 
tonic activation of default regions, especially during dif-
ficult cognitive tasks. Such suppression might take place
in order to improve performance by limiting the potential 
for interfering emotional thoughts to arise.

The Present Study
The research reviewed above suggests that both the 

cognitive-control and default brain networks could play a 
role in the effects of anxiety on cognitive performance. To
examine this question in the present study, we used a hy-
brid fMRI design (blocked/event-related) to examine sus-
tained and transient activity in a priori-defined regions in 
cognitive-control and default-network circuitry. Participants 
were asked to perform demanding cognitive tasks (verbal
working memory) that provided three trial types of varying
difficulty. We first examined responses in brain areas as a 
function of individual differences in trait anxiety during an
affectively neutral mood condition. Second, we used affec-
tively valenced videos as a mood-manipulation technique 
(Gray, 2001; Gray, Braver, & Raichle, 2002) to induce state
anxiety associated with a negative mood condition.

We asked the following three questions.
1. Would trait anxiety in a neutral mood modulate the

level of sustained activity in cognitive-control or default-
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Flatt, & Provost, 1993) and run on a Macintosh G3 processor con-
nected to a video screen in the scanner. Each word was presented for 
2 sec, followed by a 360-msec fixation cross. Participants gave their 
responses by pressing “same” or “different” buttons on a fiber-optic
light-sensitive keypad that was connected to the PsyScope button 
box. This task can be broken down into three types of trials: “tar-
gets,” “lures,” and “nonlures” (Gray et al., 2003). Target trials were
those in which the correct answer was “same,” because the word 
matched the word three trials back. Lure trials were nontargets (“dif-
ferent” from the word three back), but they presented a word that had 
been presented at least once previously in the current block. Nonlure
trials were also “different,” but the word presented was being shown 
for the first time. (See the supplementary information for details on
cognitive interpretation of these trial types.)

Scanning procedure. At the beginning of a scanning session, par-
ticipants were first given instructions and practice on performing the 
three-back task. Practice blocks could be repeated if necessary. The
scanning session included six scans, with each involving presenta-
tion of a mood-inducing video, followed immediately by three-back 
task performance. Scanning was conducted only during three-back 
performance and not during video presentation. Three of the scans
involved n-back task performance with neutral words as stimuli; the
other three had neutral face stimuli. For the present study, we report
on results from two of the scans involving word stimuli, one with 
a neutral video and the other with an anxiety-related video.1 After 
performance of the three-back task, participants were asked to report
on what their mood state had been immediately following the video 
(before they performed the three-back task), using a computerized 
version of the POMS assessment.

In order to estimate blocked and trial-related neuroimaging effects
separately, we used a mixed design (Donaldson, Petersen, Ollinger, 
& Buckner, 2001; Visscher et al., 2003). The mixed design calls 
for blocks of task trials that alternate with blocks of rest. Within
each task block, trials are presented in an event-related manner,
with variable-length intervals between trials. Trial-specific effects
are then estimated as the transient activity locked to onset of a trial
(or trial event). Sustained task-related effects are estimated (while
transient effects are simultaneously controlled for, using multiple
regression) as the contrast of activity within the task block versus 
activity during rest blocks.

In the present study, each functional run consisted of three fixa-
tion (F) blocks (15 trials duration) alternating with two task (T) 
blocks (32 trials per block), in an F–T–F–T–F sequence. Within 
each task block, stimulus words were presented for 2 sec each, 
followed by a 0.36-sec fixation cross. Responses had to be given 
within the 2-sec stimulus presentation interval, so that a single TR 
(2.36 sec) covered the entire trial. Intertrial intervals (ITIs) were of 
variable length (0, 2,360, and 4,720 msec long, distributed expo-
nentially, for an average ITI length of 1,530 msec). Each functional
run acquired 149 volume images, beginning with 4 that were not 
analyzed. The three fixation blocks consisted of 15 frames each
(a black screen with fixation cross in white), and the two task 
blocks consisted of 50 frames each: 32 trials and 18 intertrial jit-
tered fixations.

Within each run, a list of 28 words—all nonemotional, concrete 
nouns—was presented in fixed order over the 64 trials. Six different 

$10/h for personality and neuropsychological testing, and $25/h for 
the scanning session.

Materials and Procedure
The data presented here were collected as part of a larger study 

on cognitive and affective individual differences. Testing and assess-
ments were administered in two separate sessions, spaced a few days 
to a few weeks apart. In the first session, participants completed 
personality and mood questionnaires, then took neuropsychological 
tests. The second session consisted of functional neuroimaging dur-
ing cognitive task performance, with each scan preceded by a video 
viewing to manipulate mood.

Personality and mood assessments. In all, 20 personality as-
sessment tests were administered. The present study focuses on a
subset of these, measuring anxiety and generalized negative affect.
Trait measures of anxiety and ruminative worry were measured using 
the Taylor Manifest Anxiety Scale (TMAS; Taylor, 1953) and the 
Penn State Worry Questionnaire (PSWQ; Brown, Antony, & Barlow,
1992; Meyer, Miller, Metzger, & Borkovec, 1990). Mood state for 
the prior 1 week was assessed using the BDI (see the online supple-
mentary information, available at www.psyconomic.org/archive, for 
details of these assessment tools).

Mood manipulation. Our previous research (Gray, 2001; Gray 
et al., 2002) has validated that presentation of short videos can induce
predictable mood states. In this study, we used videos of approxi-
mately 10 min each that were intended to induce either a negative or a
neutral mood. (BOLD data was not collected during the video presen-
tation.) The negative videos were selected to be anxiety-provoking, 
and included scenes from horror movies (fixed clips from Scream
and Halloween), whereas the neutral videos included documentaries
(fixed clips from Michael Moore’s Roger and Me and from a film 
about vacationing in Australia). (During the scanning session, par-
ticipants also viewed amusing videos prior to other scans; these scans 
were not the focus of the present study and will not be discussed 
further.) The two videos for a single valence were always presented in
sequential pairs to promote more consistent mood manipulation over 
time. This yielded video sequences in the pattern: AA–BB–CC, with 
the order of the three valences counterbalanced across participants. 
The videos were projected onto a screen at the head of the bore that
was visible to the participant by use of a mirror attached to the head 
coil, with audio content via headphones.

After each scanning run, we asked participants to rate their mood 
state using Profile of Moods State (POMS) tests, in order to check 
on the effectiveness of the mood manipulation. In the present study, 
participants rated their moods retroactively, reporting on their mem-
ory of how they felt immediately after viewing each video. Ratings 
after the neutral videos were used as an estimate of participants’ 
baseline affective state.

The n-back task. The cognitive task used was a verbal three-
back task. This is a demanding working memory task that requires
participants to say, on any given trial, whether the word currently 
displayed is the same as or different from the word displayed three
words back (Braver et al., 1997; Gray, Chabris, & Braver, 2003).
Thus, participants must keep a running tally of the last three words 
displayed, and must update this list after each response. The task 
was implemented using PsyScope software (Cohen, MacWhinney,

TableTT 1
Participant Demographics: Mean Values (and Standard Deviations) 

for the Patient and Control Groups

Age Gender TMAS PSWQ BDI

Group N M SDSS M F M SDSS M SDSS M SDSS

All 96 22.2 4.9 44 51 6.3 3.9 41.7 11.8 7.2 5.6
Low 20 22.3 5.0 11 9 2.8 1.1 28.0 6.0 5.8 5.7
High 20 20.5 1.9 3 17 11.2 2.6 55.3 10.2 12.1 6.8

Note—TMAS, Taylor Manifest Anxiety Scale; PSWQ, Penn State Worry Questionnaire; BDI,
Beck Depression Inventory.
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estimated using eight time-point regressors (starting at trial onset), 
for each of three trial types (targets, nontarget “lures,” and nontar-
get “nonlures”). Total time-course length was therefore 18.88 sec.
Analyses of transient trial-type responses used magnitude estimates, 
defined as the cross-correlation of the estimated BOLD response 
over the eight time-points for the trial condition with a canonical
hemodynamic response function (HRF). The HRF was modeled as a
gamma function with a delay of 2 sec and a time constant of 1.25 sec
(Boynton, Engel, Glover, & Heeger, 1996). Combined item effects
were calculated by summing across all trial types (for the two scans
of interest in this study). Except where otherwise noted, all effects 
are given in terms of percent signal change, calculated as the signal 
magnitude divided by mean estimate of the baseline signal.

fMRI Analysis
We used in-house software to carry out correlations, ANOVAs, or 

t tests to identify regions significantly activated (or deactivated) for 
each of several effects. We arrived at an overall measure of transient
effects by averaging activation across all trial types (correct trials
only).

Region-of-interest (ROI) selection. For the present study, 
we restricted our analyses to brain regions belonging to working
memory or default-network regions. We created a mask of a priori 
ROIs for working memory areas (see Figure 1 and Table A1 in the 
Appendix), using neuroanatomical coordinates described in a meta-
analysis of n-back neuroimaging results (Owen, McMillan, Laird, 
& Bullmore, 2005), and of working memory tasks more generally 
(Wager & Smith, 2003). We omitted coordinates for subcortical lo-
cations, creating spherical ROIs of 20 mm in diameter for cortical 
areas. (See the supplementary information for details.) To create 
a mask of a priori default-network regions, we used an activation
map (see Figure 1) described in Shulman et al. (1997) and Buckner 
et al. (2005), which enabled the use of full regions, rather than being 
defined on the basis of centroid (see the Appendix). We constrained 
the extent of the default regions by thresholding the map at 16 PET 
“counts”2 (representing a 1.6% change in regional cerebral blood 
flow relative to the whole brain mean), as originally described by 
Shulman et al.

fMRI data analysis. In this article, we took two approaches to
analyze the data. As an overview of network-level results, we first
created two “composite-network ROI masks” (one each for the 
cognitive-control and default networks) by combining all the sepa-

word lists were possible, and their order was counterbalanced across 
participants. Approximately 31% of trials were targets, 50% were 
nonlures, and 19% were lure trials. After the end of the run, scan-
ning ceased, and participants were asked to rate their mood states, 
using POMS tests. Specifically, they were asked to think back and 
report on what their mood had been immediately after the video (i.e., 
before they began the three-back trials).

Image acquisition. fMRI images were collected on a Siemens 
3T Allegra MRI scanner (Erlangen, Germany). The protocol in-
cluded localizer images, low- and high-resolution structural images, 
a T2-weighted image, and a series of functional images. The struc-
tural images were acquired with 1 1  1.25 resolution, using a 
sagittal 3-D T1-weighted sequence. Functional images were col-
lected using an asymmetric spin-echo echo-planar sequence with
volume TR  2.36 sec, TE  50 msec, and flip angle  90º. A
volume image consisted of 32 transverse slices, 4 mm thick, with an
in-plane resolution of 3.75 3.75 mm.

Image preprocessing. The functional imaging data were prepro-
cessed to correct for asynchronous slice acquisition and odd–even 
slice intensity differences caused by interleaving. Following this,
the data were normalized to a fixed image intensity value within
each scanning run; then, rigid body motion was corrected (Friston, 
Williams, Howard, Frackowiak, & Turner, 1996; Snyder, 1996).
Atlas transformation (12 parameter affine) of the functional data
was computed via the structural images. Our atlas-representative tar-
get image conforms to the space of  Talairach and Tournoux (1988) 
as defined by Lancaster et al. (1995). The final preprocessing step 
combined motion correction and atlas transformation in one resam-
pling to 3-mm isotropic voxels. Before statistical analysis, the data 
were smoothed using a Gaussian filter with 9-mm full width at half 
maximum.

The preprocessed data were analyzed using the general linear 
model (GLM), coding several regressors for transient effects, a
single regressor for sustained effects, and two regressors for the 
baseline signal and the slope of linear drift, all modeled simultane-
ously. Sustained effects were modeled by a single regressor defined 
to have the shape of a gamma function convolved with a boxcar 
function. This effect was estimated as any systematic variance in 
the signal that was not accounted for by transient effects. For the
sustained effect, a single magnitude was calculated for each voxel
for the entire length of a task block (for each of two task blocks 
per run, and excluding the fixation blocks). Transient effects were 

Default-Network Regions

Cognitive Control Regions

z = 45 z = 36 z = 27 z = 18 z = 9 z = 0 z = –9

z = 45 z = 36 z = 27 z = 18 z = 9 z = 0 z = –9

Figure 1. RORR I masks used for identifying cognitive control and default-mode
regions. Cognitive control regions include 20-mm spheres centered at loci taken
from two meta-analyses of working memory and verbal n-back performance.
Default-network regions include regions known to show task-related deactiva-
tion. (See the Method section for details. The Appendix provides specifics on 
the individual regions.)
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[F(1,38)FF 3.72, p .061, 2  .09], with the anxious 
group scoring higher in anxiety. However, the interaction 
between group and video type was nonsignificant ( p .1). 
In addition, the effect of the video manipulation on the
POMS-anxious score did not interact with gender, either 
alone or when trait anxiety ratings were covaried out.

The POMS-gloomy scores in the full sample were also
significantly higher after the negative video than after the
neutral video [t(94)  2.67, p .009, 2 .07], indicat-
ing that the movie clips also induced a concurrent gloomy
or depressed mood. However, a two-way ANOVA re-
stricted to just the high- and low-anxiety groups (group
video type) found that the main effect of video type did 
not quite reach significance ( p .11), nor did the inter-
action between group and video type ( p .8). There was
a main effect of group [F(1,38)FF  5.60, p .023, 2

.13], confirming the BDI measure showing that the high-
anxious group was significantly more depressed than the
low-anxious group, independent of the video-type manip-
ulation. Finally, the effect of the video manipulation on the 
POMS-gloomy score did not interact with gender, either 
alone or when trait anxiety ratings were covaried out.

Three-Back Task PerformanceTT
n  96. ANOVAs and correlational analyses were con-

ducted to examine behavioral performance for all 96 par-
ticipants. Results were not different from those found for 
the high- and low-anxious groups. For details on these
analyses, see the supplementary information.

n 20 per group. The general trial type effects on
three-back performance found in the full sample were 
replicated in the subgroups (see Figure 2). A two-way 
ANOVA (video type  trial type, omitting the group fac-
tor) on percent correct revealed a main effect of trial type 
[F(2,38)FF 70.29, p  .001, 2  .79]. Lure trials were
significantly less accurate than targets [F(1,39)FF  5.18,
p .028, 2  .18] and they were also significantly less 
accurate than nonlures [F(1,39)FF 91.76, p  .001, 2

.70]. Target trials were also significantly less accurate 
than nonlures [F(1,39)FF  121.40, p .001, 2 .76].
However, there was no main effect of video type or video
type  trial type interaction on accuracy (both ps .4).

A similar pattern was found in RT, a robust main effect 
of trial type [F(2,38)FF 47.68, p  .001, 2 .72], but 
no main effect or interaction with video type (all ps  .5). 
Again, lure trials were significantly slower than targets
[F(1,39)FF  34.52, p  .001, 2 .47], and they were also
significantly slower than nonlures [F(1,39)FF 93.73, p
.001, 2 .71]. Targets were also significantly slower than 
nonlures [F(1,39)FF  8.33, p .006, 2 .18].

Including the group factor, we ran a three-way repeated 
measures ANOVA (video type  trial type  anxiety
group) and found no significant main effect of group on
RT or accuracy (all ps  .2). Interactions with group were
also nonsignificant (all ps  .2).

Neuroimaging Results
In this study, regions showing significant brain activity 

were identified as a function of four different factors: net-
work (cognitive control or default), signal type (sustained 

rate regions in each network (see Figure 1) into single regions of 
interest. Each composite-network mask thus consisted of a single
large ROI covering all the regions of interest in that network. We 
then averaged activation across voxels falling anywhere within the 
mask. This analysis, which provides a robust and powerful test of our 
hypotheses within a single analysis, is reported in this article.

Second, to determine individual regions of activity within each
network, we conducted a more conventional analysis, detailed in the 
supplementary information, that identified voxels falling within our 
two a priori masks, and also showing significant task-related activ-
ity for the effects of interest. Voxels thus identified were clustered 
and subjected to region-wide analyses; regions showing significant 
group differences are summarized in Table A2.

Behavioral Analysis
We conducted correlational analyses to test for any association 

between anxiety and performance on the three-back task, in either 
the neutral or negative-mood condition. In addition, we looked for 
group differences in performance (between the high- and low-anxiety 
groups) using independent t tests or repeated measures ANOVAs on 
RT and accuracy, with a within-participants factor of trial type.

RESRR ULTLL S

Behavioral Results
Anxiety and other personality measures. The TMAS

scores for all 96 participants had a mean value of 6.33
(SDSS 3.4), with range 1 to 16. The PSWQ scores had a
mean value of 41.7 (SDSS 11.8), with range 16 to 78. These 
two measures, which were significantly positively corre-
lated (r .58, p .000), were normalized as z-scores 
and combined to produce composite trait-anxiety scores.
(See the online supplementary information for details on
how results for the composite trait-anxiety scores differed 
from results for the PSWQ and TMAS scores separately.)
The range of trait-anxiety z-scores for all 96 participants 
was 2.72 to 4.43. Low-anxious participants had a mean 
anxiety z-score of 1.97 (SD SS 0.44) and range of 2.72 
to 1.35. High-anxious participants had a mean anxiety
z-score of 2.25 (SDSS 1.0) and range of 1.27 to 4.43. The 
high-anxious group was significantly more depressed (BDI 
scores: M 12.1, SDSS 6.8) than the low-anxious group 
(BDI scores: M 5.8, SDSS 5.7) [t(38) 3.20, p .003, 

2  .21]. In addition, the high-anxious group was dispro-
portionately female (3 males, 17 females), whereas the 
low-anxious group was more mixed (11 males, 9 females),
resulting in a statistically significant association between
gender and anxiety group (Fisher’s exact test [two sided], 
p .019). The two groups did not differ by age ( p .1).

Mood-manipulation check. In this article, we report 
only on the POMS-anxious and POMS-gloomy scores to 
indicate the effects of the videos. For the full sample of 96 
participants, the POMS-anxious scores following the nega-
tive movie were significantly greater than those for the neu-
tral movie [t(94)  7.77, p  .001, 2  .39], suggesting 
that the videos did induce a more anxious mood. We also
conducted an ANOVA on the POMS-anxious scores for 
just the subsample that included the high- and low-anxiety 
groups, with video type (neutral vs. negative) and group as
factors. There was again a main effect of video type, with 
anxiety after the negative video significantly greater than 
after the neutral movie [F(1,38)FF  32.68, p  .001, 2

.46], as well as a trend toward a significant effect of group
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activation than did the low-anxious group in both net-
works [cognitive-control, t(38)  1.99, p .05, 2

.09; default, t(38)  2.25, p .03, 2 .12]. By con-
trast, the high-anxious showed significantly greater tran-
sient activation in the cognitive-control network than did 
the low-anxious [t(38) 2.73, p .010, 2 .16] and 
no significant difference in the default network ( p .2). 
The three-way interaction of network  signal  group 
was not significant ( p .4). (Figure 4 shows individual 
regions where significant group differences in activation 
were found.)

Generality of anxiety effects across whole sample 
(n 96). To test the robustness of our group difference 
effects in a continuous sample, we examined correlations
between anxiety (across the full sample of 96 participants) 
and sustained or transient activity in the two networks. 
Sustained activation in the cognitive-control network 
showed a significant inverse correlation with anxiety
score (r .233, p .023), whereas transient cognitive-
control activation was significantly positively correlated 
with anxiety (r .345, p .001). By contrast, sus-
tained activation in the default network showed a trend 
toward a significant inverse correlation with anxiety (r

.196, p .056), whereas transient default activation
was, significantly, positively correlated with anxiety (r

.213, p .037). Thus, across both networks, continuous
variation in trait anxiety (across all 96 participants) was
negatively related to the sustained portion of the BOLD 

or transient), video (neutral or negative), and group (low
or high anxiety). A fifth factor, trial type (target, lure, and 
nonlure), was used to investigate trial-specific effects in
the neutral condition only. In this article we describe the
effects of anxiety on sustained and transient activity in
each network as a whole, without regard to individual re-
gions. Results at the level of individual regions did not di-
verge from results presented for the networks as a whole. 
Thus, findings for individual regions are summarized in 
Table A2 (also see Figure 4), but the corresponding analy-
ses are detailed in the supplementary information. (An 
exception is the description of trial-type effects, which are 
presented for individual regions, and are described fully 
in this article.) We report all results in terms of increased 
or reduced activation (signal magnitude). When activation 
levels for default-network regions were reduced signifi-
cantly below baseline, we have also noted this as possible 
deactivation, although we take no position as to whether a
negative-going signal represents reduced activation or an 
active inhibitory process.

Neutral Condition
Anxiety effects on sustained and transient response.

A three-way ANOVA (network signal  group)
on the data from the neutral condition revealed a sig-
nificant two-way interaction between signal and group 
[F(1,38)FF  11.74, p .001, 2 .24]. As is shown in
Figure 3, the high-anxious group showed less sustained 

Figure 2. Behavioral performance in the three-back task. Error bars show standard errors 
of the means.
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Trial-type effects in individual regionsTT . To inves-
tigate the source of possible differences in cognitive ef-ff
ficiency, we conducted a repeated measures ANOVA with 
trial type (targets, lures, and nonlures) and group as fac-
tors. (Regions showing a significant trial type  group 
interaction were identified as described for transient re-
sponses in the supplementary information.) We found 
only two regions that showed a significant trial type
group interaction (see Figure 5). These were a cognitive-
control region in right inferior frontal cortex (Brodmann 
area [BA] 47, with center at Talairach coordinates 33, 28,

3) and a default-mode region in the left inferior parietal 
lobe (IPL; BA 40, in the supramarginal gyrus, with coordi-
nates 57, 47, 35). In the right BA 47 region, the high-
anxious group showed an effect of trial type due to tran-
sient activation for lure trials that was significantly higher 
than for targets or for nonlures. The low-anxious group 
showed no significant effect of trial type. In contrast, the
effect of trial type in the left IPL was due to significantly 
greater reductions in activation (greater deactivation) in 
the low-anxious group for lure trials than for targets or 
nonlures. The high-anxious group showed a trend to a trial 

response, and positively related to the transient portion.
Correlation coefficients for the individual regions in each 
network mirror this pattern and are listed in TableA2. (See
the supplementary information for details.)

Figure 3. Network-wide activation averaged across composite-network RORR Is (cognitive con-
trol or default network). Neural activity is shown for each group by signal type (sustained or 
transient), in the neutral condition (top panel) and in the negative condition (bottom panel).

Left Hemisphere Right Hemisphere

Figure 4. Areas of significant group differences in sustained
activation (blue regions), in transient activation (red regions), and 
overlapping sustained/transient activation (green regions).
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tion in the cognitive-control network [t(19) 2.98, p
.008, 2 .33], but their decrease in sustained activation
was not significant. Neither group showed significant
changes in default-network recruitment. Finally, we also 
conducted correlation analyses (n  96) to examine the
fate of anxiety-related correlations as a result of the nega-
tive video. In the negative condition, anxiety scores were 
no longer significantly associated with sustained or tran-
sient response in either network ( ps .5).

Region-specific analyses were also conducted for the
negative mood condition. In individual regions where
group differences and correlational effects had been found 
in the neutral condition, these effects were absent after 
the negative video. (See the supplementary information 
for details.)

Effects of Depression and Gender
Because the high-anxiety group had significantly

higher BDI scores than did the low-anxiety group, and 
also contained a disproportionate number of women, we 
looked for possible effects of these variables on the other 
results reported for the composite networks. To test our re-
sults for effects of depression, we conducted a two-factor 
ANCOVA on each network in the neutral condition, using 

type effect in this region, but the effect was in the opposite 
direction (activation rather than deactivation).

Negative Mood Condition
To examine the effects of the mood manipulation, we 

conducted a four-way ANOVA with video  network
signal group as factors. This analysis found that the 
four-way interaction achieved significance at the .05 level
[F(1,38)FF 3.97, p .054, 2  .09]. As is shown in the
bottom panel of Figure 3, in the negative condition (in
contrast to the neutral condition), the two-way interactions
of signal group were no longer significant in either net-
work ( p .9). Indeed, no group-related effects of any 
kind were significant in the negative condition. Examin-
ing each network separately across video conditions, we
found that the three-way interaction of video  signal
group was significant for the cognitive control network 
[F(1,38)FF 7.96, p .008, 2  .17], whereas in the de-
fault network there was a trend for a three-way interaction 
[F(1,38)FF  2.92, p .096, 2  .07].

Post hoc paired-sample comparisons for each group sep-
arately revealed that only the low-anxious group showed 
significant activation changes as a result of the negative
video: They significantly increased their transient activa-
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Figure 5. Sustained and transient activation for two regions showing a significant trial type  anxiety group
interaction in the neutral condition. The regions are (top) right ventrolateral PFC (peak Talairach coordinates:TT
33, 28, 3) and (bottom) left inferior parietal lobe (peak Talairach coordinates: TT 57, 47, 35). In the graphs,
sustained activation is shown in yellow (for high-anxious groups) or green (for low-anxious groups). TransientTT
trial-related activation is shown in blue (for high-anxious groups) or red (for low-anxious groups). Error bars
show standard errors of the means.
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pretation is speculative, the set of regions found to show
anxiety-group differences (see Table A2) fit well with this 
hypothesis. (For a discussion relating these regions to pro-
active interference management, see the supplementary
information.)

The data we have presented also support the hypoth-
esis that high-anxious individuals may increase reactive
control in order to compensate for reductions in proac-
tive control. Reactive control is thought to be critical for 
transiently detecting and resolving interference when it 
appears; thus, reactive control might be engaged prefer-
entially for the high-interference lure trials. In our data, 
an analysis of activation trial type indicated that in 
the right VLPFC (BA 47), the high-anxious individuals
showed both a reduction in sustained activation as well 
as an increase in transient activation that occurred spe-
cifically on the high-interference lure trials. Right VLPFC 
has been linked generally to response inhibition and inter-
ference resolution (Aron, Robbins, & Poldrack, 2004; 
Badre & Wagner, 2005; Burgess & Banich, 2008; Burgess 
& Braver, 2008) and more specifically to greater activa-
tion during retrieval of nontargets versus targets (Wolf,
Vasic, & Walter, 2006). The latter finding may be because
nontargets include lure trials, or perhaps merely because 
right VLPFC is sensitive to multiple sources of informa-
tion that must be evaluated, regardless of conflict (Badre
& Wagner, 2005). Thus, a plausible interpretation for our 
trial-type effects is that low-anxious individuals tonically
engaged right VLPFC in order to manage, or perhaps 
prevent, cognitive interference. As a consequence, there 
may have been no need to recruit this region further when 
individual lure trials occurred. By contrast, because of a 
reduced utilization of proactive control, the high-anxious 
group may have recruited right VLPFC more strongly in 
a transient manner when interference trials occurred. Be-
cause of the unequal proportion of lure versus nonlure 
trials, these findings should be interpreted with caution. 
Nevertheless, these data are consistent with the DMC
theory that suggests anxious individuals should have a 
greater tendency to utilize cognitive control in a reactive
rather than a proactive manner.

Anxiety Effects on Default-Network 
Activation Levels

A more surprising result was found in the anxiety-
related recruitment of default regions. Activity here, as 
in cognitive-control regions, showed significant group
effects of trait anxiety on sustained activation. However, 
in the default regions, the effect was driven by the high-
anxiety participants showing greater sustained reductions 
in activation (deactivation) in default-network areas,
whereas the low-anxious group showed only minimal sus-
tained reductions in these areas. The extensive sustained 
reductions shown by the high-anxious group are contrary 
to what existing data on emotional modulation would pre-
dict. Most studies have found increased activation (loss
of deactivation) as a result of negative trait emotion or 
emotional stimulation (Zald et al., 2002). In the present 
results, we see two possible interpretations: The reduced 
activation (stronger deactivation) in default regions may 

signal type and group as factors, and BDI score as the
covariate. For the cognitive-control network, the interac-
tion of signal  group remained significant [F(1,37)FF
7.86, p .008, 2 .18]. For the default network, the
interaction of signal group now showed a trend toward 
significance [F(1,37)FF  3.76, p .06, 2  .09]. Thus, the
effect of anxiety on the pattern of sustained and transient 
recruitment in both networks was relatively independent 
of depression scores.

We similarly looked for any effects of gender on this re-
cruitment. Using gender as a covariate (Cohen & Cohen,
1983), we found that in the cognitive-control network, 
the interaction of signal group remained significant, 
[F(1,37)FF  6.78, p .013, 2 .16]. Likewise, in the
default network, removing the effects of gender left the 
interaction of signal  group significant [F(1,37)FF  6.54,
p .015, 2 .15]. These results are consistent with
analyses of POMS scores for the “anxious” and “gloomy”
measures that were reported after the neutral and negative 
videos. We found no interaction between gender and video
for these POMS scores, either alone or when entering 
anxiety scores as a covariate. Thus, these two confound-
ing variables (depression, gender) were not the primary 
source of anxiety effects in these networks.

DISCUSSION

This study examined the neural basis of anxiety effects 
on cognitive efficiency. Using a mixed design to isolate 
sustained from transient activation, we found that, com-
pared with low-anxious individuals, the high-anxious 
group showed significantly reduced sustained activity in 
cognitive control regions but increased transient activa-
tion during task trials. Similar results were found when 
correlations were conducted on continuous anxiety levels
across the full sample. Importantly, these relationships
were found in the absence of anxiety-related decreases in
performance, and are consistent with the theory (Bishop,
2007) that higher anxiety reduces cognitive efficiency by
impairing the ability to recruit working memory regions
in what may be an optimal manner. In addition, the greater 
use of transient recruitment as anxiety increased is con-
sistent with more traditional views of cognitive efficiency
that emphasize brain regions “working harder” to perform 
at levels equivalent to those of nonanxious participants.

These results are largely consistent with the predic-
tions of the DMC theory (Braver et al., 2007) in indicat-
ing that high-anxious individuals may reduce proactive 
control and increase reactive control during n-back task 
performance. In the n-back task, proactive control might 
be exerted by using a processing mode in which working
memory mechanisms are recruited continuously across
a block of trials. Such a mode would be advantageous 
in enabling ongoing maintenance of task stimuli across 
successive trials, which is required, given the continu-
ous storage and updating demands on working memory 
present in the n-back task. Additionally, the DMC theory
holds that a major function of proactive control is to help 
prevent or to manage interference during task processing 
using selective attention mechanisms. Although this inter-
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sient recruitment of additional cognitive-control regions. 
Thus, following the negative video, the brain activation 
pattern in the low-anxious was more similar to that ex-
hibited by the high-anxious group in the neutral condi-
tion. Given these results, it is tempting to assume that the
negative video actually increased negative affect in the 
low-anxious group, but other interpretations are possible. 
For example, results for the positive-video data (reported 
elsewhere) yielded findings similar to those shown for 
the negative video, suggesting that the negative-video 
effects may actually have been due to enhanced emo-
tional arousal. In any case, these results demonstrate
that both trait anxiety and induced anxiety (or perhaps 
induced emotional arousal) can modulate recruitment of 
cognitive-control brain regions.

Rethinking Cognitive Efficiency
The results of the present study raise questions about

the conventional definition of processing efficiency. If 
one focused only on transient response, our results would 
argue for lesser efficiency in the anxious group, consistent
with the processing efficiency theory (Eysenck & Calvo,
1992). The performance of the high-anxious group was 
no different than that of the low-anxious group, but their 
recruitment of cognitive control areas was significantly 
greater. However, when sustained and transient effects are 
considered together, we can reasonably ask whether the 
anxious group shows lower efficiency, or simply an al-
ternate route to the same behavioral performance. In the 
present data at least, the high-anxious group’s transient
recruitment of cognitive control regions was accompa-
nied by sustained deactivation of default regions. Such 
deactivation in default areas has been observed with 
increasing task difficulty and has been hypothesized to
mediate performance improvements (McKiernan et al.,
2003; Simpson, Drevets, et al., 2001). Perhaps there are 
two routes to improved performance: by increasing sus-
tained activation in cognitive control regions, or by in-
creasing sustained deactivation in default areas. If so, the 
sustained default deactivation seen in the high-anxious
group could as plausibly improve performance as the sus-
tained cognitive-control activation seen in the low-anxious 
group, perhaps by promoting, respectively, reduced sus-
ceptibility to bottom-up distractors or increased top-down 
goal-directed processing.

These results resonate with Eysenck et al.’s (2007) at-
tentional control theory, in which those authors posited 
that anxiety affects cognition by altering the balance be-
tween top-down and bottom-up attentional systems. We 
speculate that the use of primarily sustained or primarily 
transient activation in a given network may be one way in 
which individuals achieve a particular balance between
these two forms of cognitive control. According to this
notion, higher anxiety may have biased our participants
toward a form of cognitive control emphasizing reduc-
tions in default-network activation rather than increased 
cognitive-control-network activation, a finding consistent 
with Eysenck et al.’s attentional control theory. More-
focused tests are required to characterize the recruitment 
dynamics of cognitive efficiency more clearly.

serve either a cognitive or an emotional function for the
high-anxious group. As a cognitive mechanism, default-
mode deactivation may reflect an active inhibitory mecha-
nism that serves to benefit performance. This notion is 
plausible because one function imputed to the default sys-
tem is mediation of spontaneous mental activity such as 
visual imagery, sensory awareness, awareness of bodily
state, or replaying of episodic memories (Christoff, Ream, 
& Gabrieli, 2004; Mazoyer et al., 2001). The effect of de-
fault system deactivation during cognitive tasks would 
thus be to suspend this spontaneous activity and thereby
facilitate cognitive processing. Reduced activation (stron-
ger deactivation) has been shown to increase with task 
difficulty (McKiernan et al., 2003), and in ventromedial
PFC specifically, it has been linked with performance im-
provements in the presence of anxious arousal (Simpson,
Snyder, et al., 2001). It may be that trait-anxious individu-
als show greater sustained deactivation in these areas be-
cause they are applying greater cognitive effort in order to
enhance performance.

Alternatively, the greater sustained reductions in default
region activity could represent a mechanism that is funda-
mentally emotional in nature. We propose that default-
mode deactivation might reflect an implicit attempt to in-
hibit awareness of anxious arousal, or possibly to shut off 
explicit rumination. The medial PFC regions, especially
ventrally, are thought to mediate emotional experiences 
and arousal (Drevets, 2001). Reducing activation in emo-
tional regions may be a response that occurs when a cog-
nitive task or other unfamiliar situation increases anxious
arousal (particularly in a gradual or unattended manner). 
Simpson, Snyder, et al. (2001) proposed that ventromedial
PFC could be modulated by both cognitive performance
and emotional stimuli, and that this modulation might have 
a limited range. Thus, low-intensity emotional stimuli, or 
a cognitive task of moderate difficulty, could initially lead 
to deactivation of ventromedial PFC and other default-
system regions. However, increasing cognitive task diffi-
culty or emotional stimulation would eventually result in
loss of deactivation (increased activation). The sustained 
deactivation of our high-anxious group, if interpreted as
an active inhibitory process, suggests the possibility that
trait anxiety may induce suppression of default-mode
processing simply as a general compensatory strategy for 
dealing with elevated arousal.

This model of ventromedial PFC as responding to both
cognitive and emotional stimulation would also be con-
sistent with the differential effects of the negative mood 
manipulation on sustained activity in the high- and low-
anxiety groups. After the negative video, group differ-
ences in default mode activation were eliminated due
to reductions in sustained default activation shown by
the low-anxious group and increases in default activa-
tion (less deactivation) shown by the high-anxious group 
(who had already shown extensive sustained deactiva-
tion in the neutral condition). The effects of the nega-
tive video on cognitive control areas were even more 
substantial. After the negative video, sustained activity in
cognitive control regions in the low-anxious group, was
now accompanied by significant increases in the tran-



250250 FALESALES ET AL..

ington University, Campus Box 1125, St. Louis, MO 63130 (e-mail:
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Limitations and Future Issues
A potential limitation to this study is that our high-

anxious participants were significantly more depressed 
than the low-anxious participants were. However, after the 
effects of depression were removed, the effects of anxiety 
on neural activation patterns remained largely significant. 
In addition, a grouping of participants with highest and 
lowest BDI scores showed substantial overlap with our 
anxiety groups, but nevertheless did not elicit the group
differences in sustained-versus-transient patterns reported 
here. Thus, although there is a strong overlap between 
depression and anxiety, the presence of depression itself 
does not seem to lead to the altered neural recruitment
reported here. A second potential limitation in this study 
was the substantial gender imbalance, raising the possi-
bility that the anxiety effects are sex-specific. However,
gender effects did not seem to interact with anxiety in pro-
ducing our results, nor did they explain our results on their 
own. Nevertheless, until further studies have clarified the
role of gender in anxiety, caution is needed in interpreting 
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Summary
This study has examined the effects of trait and state

anxiety on neural mechanisms of cognitive control and 
performance efficiency. Results showed that high and low
anxious individuals make strikingly different use of cog-
nitive and default-network circuitry during performance
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can be induced by a negative-mood manipulation to shift 
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TableTT A1
Centers of Mass for Regions of Interest (RORR Is) 

Used to Mask the Neuroimaging Data

Study x y z mm3

Owen et al. (2005)
Lateral premotor (6) 28 0 52 20-mm sphere

26 2 52 20-mm sphere
Dorsal cingulate/SMA (32, 6) 2 12 42 20-mm sphere
DLPFC (46, 9) 42 32 30 20-mm sphere
Ventrolateral PFC (44) 50 12 8 20-mm sphere

62 0 14 20-mm sphere
Frontal pole (10) 38 44 20 20-mm sphere

36 46 18 20-mm sphere
Medial posterior parietal (7) 12 64 48 20-mm sphere
Inferior parietal lobe (40) 30 58 42 20-mm sphere

38 46 38 20-mm sphere
34 48 38 20-mm sphere

Wager & Smith (2003)
BA 10, 9, 46, 47 32 34 22 20-mm sphere
BA 9, 6 45 7 32 20-mm sphere
BA 40, 39, 7 37 51 41 20-mm sphere
BA 9, 10, 46 36 36 28 20-mm sphere
BA 7, 40 31 59 43 20-mm sphere
BA 47, 10, 11, 13 34 31 4 20-mm sphere
BA 7 12 70 46 20-mm sphere
BA 6, 32, 8 0 11 49 20-mm sphere
BA 6 27 0 56 20-mm sphere
BA 6, 9, 44 45 1 29 20-mm sphere
BA 6 28 4 56 20-mm sphere

Shulman et al. (1997)
Posterior cing./precuneus (31, 7) 7 53 34
Left inferior parietal ctx (40) 57 35 40
Left inferior parietal ctx (39, 19) 43 69 36
Right inferior parietal ctx (40) 49 55 40
Left lateral PFC (8) 29 29 40
Left medial PFC (8, 9) 9 43 42
Right medial PFC (8, 9) 11 43 44
Left frontal pole (9) 17 63 18
Left frontal pole (10) 19 57 8
Medial PFC (10) 1 49 6
Left ventral lateral PFC (10, 47) 35 47 6
Ventral medial PFC (32) 3 19 14
Left inferior temporal lobe (20) 47 23 16
Right amygdala 17 7 18

Note—See the Method section for details.
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TableTT A2
Regions Showing Significant Group Differences in the Neutral Condition

Region (BA) Voxels Response Type x y z Group Effect z-score Interaction r

R-VLPFC 14 Sustained CC 26 28 3 Low  High 2.90 2.35 .288**

L-IFG (44/45) 16 Sustained CC 59 5 7 Low  High 2.56 NS .239**

R-MFG (46/10) 26 Sustained CC 42 47 15 Low  High 2.47 NS .276**

mPFC/D-ACC (6/32) 232 Sustained CC 0 12 45 Low  High 2.85 NS .356**

R-IPL 40 (SMG) 47 Sustained CC 32 64 39 Low  High 2.58 NS .285**

L-Precun 110 Sustained CC 10 69 44 Low  High 2.97 NS .310**

R-Precun 96 Sustained CC 11 63 48 Low  High 2.90 NS .279**

L-Parahipp.G/Amyg 25 Sustained Def. 29 0 16 Low  High 2.61 NS .135**

L-47/10 11 Sustained Def. 26 44 7 Low  High 2.70 NS .269**

Pregen ACC 32 31 Sustained Def. 1 43 2 Low  High 2.47 NS .255**

R-IPL 40/39 310 Sustained Def. 50 56 25 Low  High 3.56 NS .374**

L-Precun 7/31 221 Sustained Def. 3 48 32 Low  High 2.81 NS .343**

L-IPL 40/39 293 Sustained Def. 47 61 27 Low  High 3.54 NS .383**

mPFC 9 110 Sustained Def. 1 43 33 Low  High 2.52 NS .246**

L-SFG/MFG 8 70 Sustained Def. 25 22 46 Low  High 2.59 NS .225**

R-SFG 8 16 Sustained Def. 19 23 49 Low  High 2.34 NS .240**

IFG/Prec. 6/44 94 Transient CC 54 7 7 High  Low 3.46 3.06 .395**

MFG 46 58 Transient CC 33 40 16 High  Low 3.03 2.69 .374**

MFG 46 139 Transient CC 38 34 28 High Low 3.41 2.80 .401**

IFG 44 13 Transient CC 41 6 32 High Low 2.75 NS .351**

IPL 40 95 Transient CC 32 48 42 High  Low 3.17 3.15 .350**

D-ACC 32 100 Transient CC 2 9 44 High Low 3.03 3.52 .358**

MFG 9/Prec. 6 27 Transient CC 44 6 37 High  Low 3.02 NS .294**

PCU 7 10 Transient CC 5 66 39 High  Low 2.96 NS .380**

PCU 7 19 Transient CC 15 64 40 High  Low 3.01 2.78 .446**

MFG 6/8/D-ACC 32 25 Transient CC 25 5 46 High Low 2.83 3.29 .357**

MFG 6/mPFC 6 81 Transient CC 22 0 48 High  Low 3.34 2.85 .392**

L-MFG 10/ACC 32 16 Transient Def. 23 47 2 High  Low 3.13 NS .314**

L-IPL 40 16 Transient Def. 55 38 27 High  Low 3.09 NS .269**

R-IPL 40 18 Transient Def. 57 30 32 High Low 3.45 NS .272**

R-PCU 7 11 Transient Def. 5 48 33 High Low 2.78 NS .377**

Post. cingulate 31 8 Transient Def. 0 34 37 High Low 2.76 NS .339**

Note—Regions showing significant group differences in the neutral condition. For the sustained response, the high-anxious group
shows less activity in all regions than the low-anxious group. In the cognitive control regions, this is because the low-anxious participants
are more active than the high-anxious participants. In the default regions, this difference is because the high-anxious participants are
more deactivated than the low-anxious participants. For the transient response, the high-anxious group shows greater activation in all 
regions than the low-anxious group. In the cognitive control regions, this is because the high-anxious participants are more active than 
the low-anxious participants. In the default regions, this is because the high-anxious participants are more active (not deactivated at all) 
than the low-anxious participants. “CC” denotes a cognitive control region. “Def.” denotes a default-system region. Group differences
for these regions were significant in the neutral condition, but not in the anxiety condition (as compared by independent t tests). The 
“Interaction” column gives z-scores for regions where the interaction of video type group in a two-way ANOVA is significant at .01 
(for sustained response) or .005 (for transient response). The r column gives correlation coefficients between anxiety scores and neural r
activity across the full sample of 96 participants. *p  .05. **p .01.

(Manuscript received June 29, 2007;
revision accepted for publication April 2, 2008.)

APPENDIX (Continued)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [7200.000 7200.000]
>> setpagedevice


