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Abstract
■ Attention is attracted exogenously by physically salient stim-

uli, but this effect can be dampened by endogenous attention
settings, a phenomenon called “contingent capture.” Emotionally salient stimuli are also thought to exert a strong exogenous influence on attention, especially in anxious individuals,
but whether and how top–down attention can ameliorate
bottom–up capture by affective stimuli is currently unknown.
Here, we paired a novel spatial cueing task with fMRI to investigate contingent capture as a function of the affective salience
of bottom–up cues (face stimuli) and individual differences in
trait anxiety. In the absence of top–down cues, exogenous stimuli validly cueing targets facilitated attention in low-anxious
participants, regardless of affective salience. However, although
high-anxious participants exhibited similar facilitation following

INTRODUCTION
Attention prioritizes the processing of stimuli that are relevant to our goals and well-being, thus promoting adaptive
behavior. Because of their biological significance, affectively salient stimuli, such as fearful faces, may be particularly adept at attracting attention exogenously (Ohman,
Flykt, & Esteves, 2001; LeDoux, 2000), facilitating speeded
detection among distractors during visual search (Notebaert,
Crombez, Van Damme, De Houwer, & Theeuwes, 2011;
Ohman et al., 2001; Hansen & Hansen, 1994), resisting the
attentional blink (Lim, Padmala, & Pessoa, 2009; Anderson
& Phelps, 2001), and capturing attention to neutral stimuli presented at similar spatial locations (Phelps, Ling, &
Carrasco, 2006; Armony & Dolan, 2002; Macleod, Mathews,
& Tata, 1986). Moreover, attentional prioritization of affective stimuli has been linked to individual differences in anxiety (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, &
Van Ijzendoorn, 2007; Mathews & Mackintosh, 1998), as
anxious individuals more rapidly detect fear-relevant stimuli
and exhibit greater exogenous attentional guidance by affective cues than nonanxious participants (Salemink, Van Den
Hout, & Kindt, 2007; Amir, Elias, Klumpp, & Przeworski,
2003; Fox, Russo, Bowles, & Dutton, 2001). This hypervigilance to threatening stimuli can prove maladaptive
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neutral exogenous cues, this facilitation was completely absent
following affectively negative exogenous cues. Critically, these effects were contingent on endogenous attentional settings, such
that explicit top–down cues presented before the appearance of
exogenous stimuli removed anxious individualsʼ sensitivity to affectively salient stimuli. fMRI analyses revealed a network of brain
regions underlying this variability in affective contingent capture
across individuals, including the fusiform face area ( FFA), posterior ventrolateral frontal cortex, and SMA. Importantly, activation
in the posterior ventrolateral frontal cortex and the SMA fully
mediated the effects observed in FFA, demonstrating a critical
role for these frontal regions in mediating attentional orienting
and interference resolution processes when engaged by affectively salient stimuli. ■

and has been linked to the etiology of anxiety disorders
(Mathews & MacLeod, 2002; Mathews & Mackintosh, 1998).
However, it remains unclear whether potential affective
attentional prioritization occurs automatically, regardless
of context, or is contingent on endogenous attentional
settings. It is well established that top–down attention,
engendered by internal goals, can moderate or even extinguish the influence of physically salient exogenous stimuli
in guiding attention (Theeuwes, 2010; Van der Stigchel
et al., 2009; Folk, Remington, & Johnston, 1992; Yantis &
Jonides, 1990), a phenomenon known as “contingent capture” (Folk et al., 1992). Both endogenous attentional
settings related to the spatial location of targets (Yantis &
Jonides, 1990) and the features of targets (Folk et al., 1992)
can mitigate the exogenous attentional influence of salient
distractors, which appears to be mediated by the “ventral
attention network,” including TPJ and ventrolateral frontal
cortex (Corbetta, Patel, & Shulman, 2008). By contrast, it is
not known whether endogenous attentional settings moderate the ability of affectively salient stimuli to capture attention, particularly in anxious individuals, nor by which
neural mechanisms this would be achieved. To wit, could
anxious individuals engage top–down attention to mitigate
the bottom–up influence of affective stimuli in directing
attention?
This study sought to address this issue using a novel
adaptation of Posnerʼs spatial cueing paradigm (Posner,
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Snyder, & Davidson, 1980) that independently varied top–
down and bottom–up drivers of spatial attention. Top–
down attention was manipulated via symbolic cues that
were either predictive or neutral with respect to a target
stimulus location, whereas bottom–up attention was manipulated with nonpredictive, sudden-onset exogenous
cues (pictures of faces) that could coincide with either
target or nontarget locations. The use of face stimuli
facilitated the tracking of perceptual cue processing,
as indexed by activation of the fusiform face area (FFA;
Kanwisher, Mcdermott, & Chun, 1997). Critically, exogenous cues could also either be affectively neutral (a neutral
face) or salient (a fearful face), thus allowing us to distinguish the effects of affective salience from those of the
mere physical salience inherent in any sudden-onset stimulus (Yantis & Jonides, 1990). By assessing the behavioral
effects of these manipulations as a function of individual
differences in trait anxiety, we sought to delineate the neural
mechanisms underlying contingent capture of attention by
affective stimuli. Examining both the basic neural effects of
the experimental attentional manipulations employed as
well as their variation as a function of individual differences
in affective contingent capture enabled a characterization
of the neural regions contributing to exogenous spatial

guidance of attention by affective stimuli. Mediation analyses were also conducted to gain insight into the mechanisms
by which particular frontal regions contributed to contingent capture of attention by affective stimuli.

METHODS
Participants
Twenty-five right-handed participants (13 women; mean
age = 24.6 years, range = 19–34) provided written informed consent in accordance with the Duke University
Medical Center Institutional Review Board. All participants had normal or corrected-to-normal vision and were
screened by self-report for neurological or psychiatric
conditions or current psychoactive medication use.
Experimental Protocol
Participants completed 360 trials of the spatial cueing task
across six scan runs. Each trial began with an explicit spatial cue, consisting of two centrally presented triangles,
shown on a gray background (Figure 1A, “Top–down
Cue”). On two thirds of trials, one side of this cue darkened

Figure 1. Spatial cueing task
and behavior. (A) Example trials
from spatial cueing task. Top:
A trial with an informative top–
down spatial cue, indicating
the target will appear on the
right. No exogenous cue was
presented during the cue-totarget interval. The tilted Gabor
patch on the right is tilted 5°
counterclockwise. Bottom: An
uninformative top–down spatial
cue. A fearful face is presented
in the left potential target
location during the first 50 msec
of the cue-to-target interval.
In this search array, the target
is on the left, tilted 5° to
counterclockwise. The
exogenous cue in this case
was valid, as it was presented
spatially coincident with the
subsequent target. Not depicted
here is the 3–7 sec variable
intertrial interval fixation period.
(B) RT data for trials, plotted as
a function of exogenous cue
validity and affective salience,
trait anxiety, and whether top–
down cueing was uninformative
(left) or informative (right).
Error bars represent ±1 SEM.
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to point to the upcoming location of the target with a black
arrow (informative top–down cue), and these cues were
100% predictive, always accurately indicating the location
of an upcoming target stimulus. On one third of the trials,
neither side of the explicit spatial cue darkened, providing no information about the upcoming target location
(uninformative top–down cue). Following a variable interval of 3–7 sec during which the top–down cue remained
onscreen, a 150-msec interval preceded the onset of a target search array, which was presented for 850 msec. Search
arrays consisted of a white central fixation cross (1° visual
angle) and two peripheral circular sinusoidal luminance
gratings enveloped by a Gaussian filter (“Gabor patches”),
with a spatial frequency of 1.5 cycles/degree (Figure 1A,
“Search Array”). The two gratings were presented in the
lower visual field, approximately 7.4° vertical and 10.0°
horizontal eccentricity from fixation and subtending approximately 4° of visual angle. On each trial, one of the
two gratings, the target, was tilted either clockwise or
counterclockwise. It was the participantʼs task to locate
the target and indicate the direction of the tilt via a button
press, using the right index and middle fingers to respond.
Note that although the informative top–down cues presented at the onset of the trial accurately signaled the target location, they did not cue a specific response, as it was
still necessary for the participant to discriminate the direction of the target tilt. Thus, these cues manipulated
endogenous spatial attention without priming responses.
Exogenous attention was manipulated during the 150 msec
interval between the offset of the top–down cue and target
array onset. On two thirds of trials, a single face stimulus
was presented in one of the two potential target locations
during the first 50 msec of this interval (Figure 1A, “Exogenous Cue”). Face stimuli were selected from the NimStim
Set of Facial Expression1 (Tottenham et al., 2009) and
consisted of five men modeling both a neutral and a fearful expression for a total of 10 unique stimuli, which were
counterbalanced across all conditions. We employed male
faces, because previous research suggests male emotional
faces to evoke stronger emotional reactions than female ones (e.g., Bradley et al., 1997). These stimuli were
matched for luminance and contrast to control for basic
perceptual salience and subtended approximately 3.7°–
4.0° of visual angle vertically and 3.4°–4.0° horizontally.
These face stimuli served as sudden-onset exogenous cues
that were not predictive of target location. Previous research has demonstrated the efficacy of sudden-onset stimuli in exogenously guiding attention ( Yantis & Jonides,
1990), and the present design enabled the independent
manipulation of cue validity and affective salience while
controlling for perceptual salience. Face stimuli were
presented either in the location of the upcoming target
(“valid” bottom–up cue) or at the alternate location (“invalid” bottom–up cue), thus potentially facilitating or
distracting attention from the target location in an exogenous manner. On half of the trials, these exogenous cues
were affectively neutral (a neutral face), and on the other

half, they were affectively salient (a fearful face). The cue
stimuli were equally likely to appear in either location,
and cue affect, target stimulus location, and tilt direction
were fully counterbalanced across all conditions. Participants were instructed to use the top–down cues to guide
their attention while ignoring these nonpredictive exogenous cues. Importantly, this factorial design enabled the
independent manipulation of top–down cues (informative
or uninformative), exogenous cue validity (target location
or alternate location), and affective salience (fearful or
neutral exogenous cue). One third of trials contained no
exogenous sources of attentional guidance. These trials
were included to minimize participant expectation of the
exogenous cues and limit adaptation to their presence over
the course of the experiment. Stimulus presentation and
response recording were implemented in Presentation
(Neurobehavioral Systems, Albany, CA).
To dissociate BOLD neural responses associated with
top–down cue processing from those associated with
processing of exogenous cues and targets, the duration
of the top–down cue period and intertrial interval were
independently jittered, varying from 3 to 7 sec in 1-sec
steps along a pseudoexponential distribution ( Wager &
Nichols, 2003; Ollinger, Corbetta, & Shulman, 2001), with
50% of trial periods lasting 3 sec, 25% lasting 4 sec, 13%
lasting 5 sec, 6% lasting 6 sec, and 6% lasting 7 sec (Egner
et al., 2008). The top–down cue period was modeled
separately from the exogenous cue and target search array
period (see Image Analysis below).
Participants completed a separate localizer task to functionally delineate the FFA (Kanwisher et al., 1997). Participants performed a 1-back task during block-wise
presentation of face and house stimuli, responding whenever two identical stimuli appeared consecutively. All face
stimuli modeled neutral expressions, and none of the
house images included arousing or disturbing features.
Stimuli subtended approximately 10.0° of visual angle vertically and horizontally. Each block consisted of 15 stimuli
(including one to two repetitions), with each stimulus presented for 750 msec followed by 250 msec of fixation. The
localizer task consisted of 12 blocks presented in ABAB
order, each separated by 10 sec of fixation.
Behavioral Data Analysis
All participants completed the Spielberger State-Trait
Anxiety Inventory (STAI) before scanning. Participantsʼ state
anxiety scores ranged from 20 to 37 (median = 27), and
their trait anxiety scores ranged from 20 to 43 (median =
31). Participants were divided into two groups based on a
median split of self-reported trait anxiety; participants
with trait anxiety scores below the median had significantly lower trait anxiety scores (M = 26.2) than those
with scores above the median (M = 36.2, t(23) = 6.99,
p < .001). This range is consistent with published norms
for nonclinical individuals in this age group (Spielberger,
1983). In addition to differing in overall trait scores, the
Reeck, LaBar, and Egner
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two groups also varied in their scores on a subscale of
the State-Trait Anxiety Inventory most closely associated
with anxiety as opposed to general negative affect (Bieling,
Antony, & Swinson, 1998), with lower scores observed
in participants below the median (M = 8.3) than those
with scores above the median (M = 11.7, t(23) = 5.72,
p < .001).
RT data from correct trials were computed separately
for informative and uninformative top–down cue trials for
each of the exogenous cue conditions. Instead of filtering
participant RTs employing a prespecified range, median
RTs were calculated to diminish the influence of extreme
values. Median RTs for each condition were then submitted
to a repeated measures ANOVA with the within-subject
factors of top–down cue (uninformative or informative),
exogenous cue validity (target location or alternate location), and affective salience (fearful or neutral), and the
between-subject factor of anxiety (low or high trait anxiety). Significant effects in the main ANOVA were interrogated using follow-up ANOVAs and t tests.

Eye Movement Data
Eye movement data were acquired during task performance to confirm that covert spatial attentional biasing
during the top–down cue period was not contaminated
by overt attentional shifting. All participants were explicitly instructed to maintain fixation during the top–down
cue period, and eye movements were monitored during
task performance by the experimenter. Eye movement
data were acquired employing an MR-compatible infrared camera (MagConcepts, Palo Alto, CA) in concert with
Viewpoint eye-tracking software (Arrington Research,
Scottsdale, AZ). Eye-tracking data were lost from one participant due of excessive movement and from another
participant due of inadequate initial calibration. To verify
that participants were not overtly shifting their attention
from the central fixation to one of the two horizontal target positions during the top–down cue period, an area of
interest was defined subtending 2.5° of visual angle horizontally from the central fixation point. Participants were
successful at maintaining fixation, with no differences observed in the number of fixations within the area of interest between trials with uninformative and informative
top–down spatial cues or between trials with or without
exogenous cues ( ps > .8), indicating that behavioral and
neural differences across these conditions were not driven
by differences in overt eye movements or gaze direction.

Image Acquisition
Images were acquired on a General Electric MR750 3.0-T
MRI scanner with a multichannel (eight-coil) parallel imaging system. Whole-brain T2*-weighted images were
acquired parallel to the anterior–posterior commissure
axial plane using an inverse-spiral pulse sequence (Guo
1116
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& Song, 2003). Each run of the attention task consisted
of 362 functional volumes (repetition time = 1.5 sec; echo
time = 24 msec; flip angle = 85°; field of view = 192 ×
192 mm; saturation buffer = 8 volumes), recording 40 contiguous slices with 3.0-mm isotropic voxels. The FFA functional localizer employed an identical pulse sequence but
consisted of 216 functional volumes. Whole-brain highresolution T1-weighted images were acquired using a
three-dimensional fast inverse-recovery-prepared spoiled
gradient recall sequence, producing 120 axial slices with
1.0-mm isotropic voxels.
Imaging Analysis
All imaging analyses were conducted using SPM8 (www.fil.
ion.ucl.ac.uk/spm/software/spm8/). Each participantʼs biascorrected structural image was normalized to the Montreal
Neurological Institute template brain utilizing a unified
segmentation approach (Ashburner & Friston, 2005). Functional images were slice time corrected, realigned to the
participantʼs mean functional image, and coregistered to
the structural image before applying the normalization
transformation parameters. Functional images were then
spatially smoothed utilizing a Gaussian kernel of FWHM
9 mm3 and subjected to a high-pass temporal filter of
128 sec to remove low-frequency artifacts. Functional
images retained their initial voxel dimensions of 3.0 mm ×
3.0 mm × 3.0 mm. Functional data from one participant was
excluded from analyses because of excessive movement.
Neuroimaging data were analyzed according to the
assumptions of the general linear model. Timepoints corresponding to the first second of the uninformative and
informative spatial cues were entered, along with timepoints modeling the 1-sec period from the offset of the
top–down cue until the offset of the search array separately for each of the 10 possible exogenous cue conditions (uninformative or informative cue by no exogenous
cue, fearful valid exogenous cue, fearful invalid exogenous cue, neutral valid exogenous cue, neutral invalid
exogenous cue) and a separate regressor modeling error
trials. Timepoints were convolved with the canonical
hemodynamic response function, and scan session was
treated as a covariate. Linear contrasts between conditions of interest were estimated for each participant
individually and then entered into second-level random
effects analyses. For all of the analyses of the main attention task, we applied a combined voxel height and cluster extent correction for multiple comparisons to guard
against false-positive findings, using AlphaSim software
(afni.nimh.nih.gov/pub/dist/doc/manual/AlphaSim.pdf).
Specifically, thresholding was determined by a set of
simulations that take into account the size of the search
space and the estimated smoothness of the data to generate probability estimates (based on Monte Carlo simulations) of a random field of noise producing a cluster
of voxels of a given size for a set of voxels passing a given
voxel-wise p value threshold. These simulations determined
Volume 24, Number 5

that in our data set a voxel-wise threshold of p < .0025
in conjunction with a spatial extent threshold of 40 voxels
corresponded to a false-positive probability of p < .05
across the whole brain.
Data from the independent FFA localizer task were
analyzed using regressors separately modeling the onset
and duration of the face and house stimulus presentation
blocks. Activation on face stimulus blocks was contrasted
with activation on house stimulus blocks to functionally
delineate the FFA, and participant-specific estimates of
these effects were entered into a second-level analysis to
identify a group-level ROI employing voxel-wise threshold
p < .001 and an extent threshold of 10 voxels due to the
smaller size of the FFA.
Mediation Analysis
A mediation analysis was conducted to assess whether
all neural regions activated during affective contingent capture explained similar variance in the behavioral effects of
interest or whether certain regions might subsume the effects of others. Parameter estimates were extracted from
frontal ROIs as well as from the group-level FFA ROI defined in the independent localizer task. These parameter
estimates were then used to compute, for each of these
regions, the interaction between affective salience and type
of exogenous cue. These interaction effects for each region were subsequently entered into mediation analyses
(Baron & Kenny, 1986). In the primary set of analyses,
each of the frontal regions was tested separately as a
mediator between neural activation in the right FFA and
behavioral variability. Subsequently, the right FFA was
separately examined as a potential mediator between neural signal in each of the frontal regions and behavioral
variability.

RESULTS
Behavioral Data
This study investigated how affectively salient stimuli exogenously guide attention and whether top–down attentional
settings modulate this guidance. Response accuracy on
the task was high (M = 93.5%) and did not differ between
the low- and high-anxiety groups ( p > .4). RTs on correct
trials were analyzed using repeated measures ANOVA
with affective salience (fearful or neutral), exogenous
cue validity (spatially coincident with upcoming target or
not), and top–down cue (informative or uninformative) as
within-subject factors, and anxiety level (high or low) as a
between-subject factor (Figure 1B). Main effects of top–
down cue (F(1, 23) = 58.32, p < .001), with faster RTs
following informative (664 msec) compared with uninformative cues (794 msec), and of exogenous cue validity
(F(1, 23) = 12.03, p = .002), with faster RTs to targets appearing spatially coincident with bottom–up cues (“valid”
cues, 714 msec) compared with those appearing in the

alternate location (“invalid” cues, 745 msec), indicated that
both top–down and exogenous cues guided participantsʼ
attention. Additionally, there was a significant interaction
between affective salience, exogenous cue validity, top–
down cue, and anxiety (F(1, 23) = 7.87, p = .010). For trials
with uninformative top–down cues (Figure 1B, left), there
was a three-way interaction between affective salience, exogenous cue validity, and trait anxiety group (F(1, 23) = 5.633,
p = .026). A two-way ANOVA examining the effects of affective salience and exogenous cue validity revealed that lowanxious participants responded faster following valid than
invalid bottom–up cues (F(1, 11) = 7.90, p = .017) but exhibited no behavioral effects of affective salience ( ps > .2),
and their RTs to neither valid ( p > .2) nor invalid ( p > .7)
exogenous cues varied as a function of affective salience.
Thus, only the location of the stimulus presented during
the cue-to-target interval, and not its affective salience, significantly contributed to exogenous attentional cueing in
low-anxious participants. By contrast, high-anxious participants exhibited a significant interaction between affective
salience and exogenous cue (F(1, 12) = 6.78, p = .023).
RTs on trials with a valid bottom–up cue were significantly
faster when the stimulus was neutral compared with fearful
(t(12) = 2.25, p = .044); no such difference was found between neutral and fearful stimuli when the bottom–up cue
was invalid ( p > .4). These slowed responses following fearful stimuli demonstrate a complete attenuation of the general main effect of facilitation observed for valid exogenous
cues; indeed, RTs in high-anxious participants to fearful
stimuli did not differ based on cue validity ( p > .9). However, this type of affective modulation of bottom–up attention in high-anxious individuals was only found in the
uninformative top–down cue condition. RTs on trials with
informative spatial cues, when attention is guided endogenously, did not yield any significant effects of affective
salience or trait anxiety ( ps > .2; Figure 1B, right), although
it did produce a main effect of exogenous cue validity (F(1,
23) = 6.55, p = .018) with faster RTs to valid cues. Finally,
we also ran all of the above analyses with an additional
between-subject factor of participant gender; this factor
did not interact with any of the effects reported here.
Overall, in the absence of explicit top–down cues for
target location, low-anxious participants show equivalent
facilitation when exogenous stimuli spatially cue the location of an upcoming target, regardless of whether the
stimuli are affectively salient or neutral. High-anxious individuals, by contrast, show an absence of facilitation in the
presence of affectively salient stimuli, as their responses
are relatively delayed in this condition. However, in the
presence of explicit top–down cues for target location, affectively salient and neutral stimuli similarly facilitate target detection when presented at a spatially overlapping
location, even in high-anxious participants, indicating that
top–down attentional biasing can mitigate the intrusive
effects of affectively salient stimuli for anxious participants.
Thus, our behavioral data replicate the phenomenon of contingent capture (Folk et al., 1992; Yantis & Jonides, 1990)
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1117

in the domain of affectively salient stimuli and show that
top–down attention settings can counteract the heightened
susceptibility of high-anxious individuals to attentional
capture by affective stimuli.

Neuroimaging Data
General Effects of Top–down and Bottom–up Cues
We first characterized neural regions as a function of their
general responsiveness to top–down and bottom–up cues
to assess the efficacy of our manipulation of these features
in evoking activation in regions canonically associated with
endogenous and exogenous attentional orienting. To assess the neural regions recruited during top–down attentional biasing, whole-brain random effects analyses were
conducted to identify the regions that exhibited greater
activation in response to informative compared with uninformative top–down cues. Greater activation in response
to informative spatial cues was observed in bilateral parietal
regions (Figure 2A and Table 1), including the intraparietal

Figure 2. Endogenous and exogenous influences on attention.
(A) Effects of top–down cueing during the cue period (Informative >
Uninformative; p < .05, corrected). (B) Effects of exogenous cue
presentation in the FFA, displayed on an axial slice (z = −15) of
the mean anatomical image for all participants. Red: Group-level FFA
ROI derived from independent localizer task. Green: Region in the
right fusiform gyrus exhibiting greater activation when exogenous
cues were present than when absent ( p < .05, corrected). Yellow:
Overlap. (C) Effects of exogenous cue and target processing in the
presence of uninformative as opposed to informative top–down
cues (Uninformative > Informative; p < .05, corrected).
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sulcus and a frontal region centered on the junction of the
superior frontal and precentral sulci, corresponding to the
left FEF. These regions have been implicated in the top–
down biasing of attention and are key nodes in the dorsal
attention network thought to mediate endogenous orienting (Corbetta & Shulman, 2002; Mesulam, 1999). This cuerelated activation is unlikely to be driven by differences
in overt attentional shifting, as confirmed by results from
the eye movement data analysis (see Methods).
When assessing the neural effects of the exogenous cues,
results stemming from a contrast between trials where
exogenous cues were present versus trials without such
cues are difficult to interpret, because they could reflect
the mere sensory response to additional visual stimulation
or they could relate to attentional capture by these stimuli.
In the context of the current experiment, this contrast nevertheless bears some interest, as it can be used to verify that
the face stimuli employed as exogenous cues were in fact
processed by the FFA. When exogenous cues were presented during the cue-to-target interval, greater activation
was observed in visual processing regions, including right
fusiform gyrus and right parahippocampal gyrus (Table 1).
Activation in the right fusiform gyrus overlapped with the
group-level FFA ROI defined in the independent localizer
task (Figure 2B), thus confirming that the FFA was involved
in processing the face stimuli employed as exogenous cues.
To gauge the effects of top–down attentional settings
on neural processing of the exogenous cues, whole-brain
random effects analyses were performed to identify regions exhibiting greater activation on trials with exogenous
cues following uninformative cues compared with informative cues during the period from the onset of the exogenous cue to the offset of the search array (Figure 2C
and Table 1). The identified regions included bilateral inferior parietal cortex, bilateral ventrolateral pFC, bilateral
dorsolateral pFC, and ACC. The observed enhanced neural processing of exogenous cues following uninformative
compared with informative top–down cues is consistent
with contingent capture, as exogenous cues were more
efficacious in capturing attention in the absence of strong
top–down attentional biasing. Indeed, many of the identified regions overlap closely with the putative ventral attention network thought to mediate exogenous shifting
of attention (Corbetta et al., 2008). However, these activations also included components of the dorsal attention
network, suggesting that endogenous attentional mechanisms were also mobilized during attentional reorienting
(Corbetta et al., 2008).
Finally, on trials where exogenous cues were present,
the basic effects of affective salience and cue validity were
also assessed. Affectively salient exogenous cues recruited
greater activation than neutral exogenous cues in the dorsomedial pFC and left ventrolateral pFC (Table 1), perhaps
reflecting differences in attentional orienting to the stimuli. Interestingly, no differential responding was observed
in the amygdala or other limbic structures. The absence
of an effect of affective salience in the amygdala may be
Volume 24, Number 5

Table 1. Peak Activation Foci for the Main Effects of Neuroimaging Analyses
Regions

Hemisphere

BA

MNI Coordinates (x, y, z)

Cluster Extent ( Voxels)

Z

147

3.89

Main effect of Top–down Cues (Informative > Uninformative Cue)
18, −66, 60

Superior parietal lobule

R

7

Superior frontal gyrus

L

8

−24, −9, 51

43

3.84

Inferior parietal lobule (subpeak in
superior parietal lobule)

L

40

−33, −39, 45

173

3.62

Main effect of Exogenous Cues (Present > Absent)
Fusiform gyrus (subpeak in
parahippocampal gyrus)

R

37

36, −57, −6

170

4.24

Middle temporal gyrus

R

39

54, −66, 15

68

4.04

Effect of Top–down Cues on Exogenous Cue (Uninformative > Informative, Exogenous Cue Present)
Inferior parietal lobule (subpeaks
in precuneus and middle
occipital gyrus)

L

40

−33, −48, 51

1547

5.68

Inferior frontal gyrus

R

45

45, 9, 33

686

5.11

Superior frontal gyrus (subpeaks
in middle frontal gyrus, inferior
frontal junction, inferior frontal
gyrus, and OFC)

L

8

−30, 6, 60

453

4.52

Middle temporal gyrus

R

37

131

4.49

Thalamus

L

100

4.48

Middle frontal gyrus

L

10/47

−39, 48, 6

96

3.69

Inferior frontal gyrus

R

10/47

42, 60, 0

78

3.63

Inferior temporal gyrus

L

37

−51, −57, −6

61

3.56

Dorsal anterior cingulate cortex

R

32/24

9, 18, 45

53

3.46

61

4.03

0, 51, 21

109

3.52

0, 42, 42

73

3.41

45

3.35

54, −45, −6
−12, −12, 3

Main effect of Exogenous Cue Affective Salience (Fearful > Neutral)
Inferior frontal gyrus

L

45

Dorsomedial prefrontal cortex

M

32

Dorsomedial prefrontal cortex

M

Superior temporal gyrus

L

9/32
22

−51, 24, 9

−57, 0, −12

R = right; L = left; M = midline; BA = Brodmann area.

due to the short presentation time of the exogenous cues
and the high attentional load of our task (Pessoa, Mckenna,
Gutierrez, & Ungerleider, 2002). Additionally, no differences were observed in neural activation as a function of
bottom–up cue validity, indicating similar neural recruitment for orienting toward exogenous cues irrespective
of whether or not they were subsequently followed by a
target stimulus.
In summary, we documented that the processing of top–
down attention cues recruited FEF and intraparietal sulcus
foci typically associated with top–down attentional biasing
(Corbetta et al., 2008; Mesulam, 1999), that the processing of bottom–up face cues elicited activity in the FFA,

and that presentation of exogenous cues and target stimuli
in the absence (compared with presence) of top–down
cueing elicited activation in lateral frontal and parietal areas
typically associated with ventral and dorsal attentional networks (Corbetta et al., 2008).

Neural Regions Underlying Individual Differences in
Affective Contingent Capture
The critical aim of the present experiment was to identify
the neural regions tracking individual differences in the behavioral effects of affective exogenous attentional guidance
Reeck, LaBar, and Egner
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shown in Figure 1B. Toward that end, an index of the influence of the affective exogenous cues on contingent
capture was computed for each participant based on their
differential RTs to each condition, and this index was subsequently used as a covariate in neuroimaging analyses
aimed at delineating the neural substrates of affective
contingent capture. This Affective Contingent Capture Index (ACCI) represents the three-way interaction among
top–down cueing, exogenous cue validity, and affective
salience ([Uninformative Cue, Fear Valid − Uninformative
Cue, Neutral Valid] − [Uninformative Cue, Fear Invalid −
Uninformative Cue, Neutral Invalid]) − ([Informative Cue,
Fear Valid − Informative Cue, Neutral Valid] − [Informative Cue, Fear Invalid − Informative Cue, Neutral Invalid]).
ACCI positively correlated with trait anxiety (Spearmanʼs
ρ = .433, p = .030), and it was significantly larger for highanxious participants compared with low-anxious participants (t(23) = 2.81, p = .010), reflecting the behavioral
differences between these two groups. In other words, ACCI
is an RT index that reflects the interaction between trait
anxiety and the key experimental manipulation, and it
should therefore provide a more sensitive tool for detecting
neural correlates of individual differences in orienting to
affectively salient stimuli than trait anxiety per se. However,
to verify this assumption, we entered both ACCI and trait
anxiety scores as separate covariates into the neuroimaging
analyses, which allowed us to test whether ACCI would
explain neural activity above and beyond that explained by
trait anxiety.
Behaviorally, the interaction between affective salience
and exogenous cue validity varied across individuals on
trials with uninformative cues, when endogenous attention was less directed and exogenous cues were more
likely to influence attentional guidance. To isolate regions
whose activation tracked this interindividual variability, the
interaction between affective salience and exogenous cue
validity for trials following uninformative top–down spatial
cues was examined with ACCI as a between-subject covariate. This whole-brain analysis revealed several re-

gions whose activation positively correlated with ACCI
(Figure 3A and Table 2), including bilateral dorsal frontal
cortex, bilateral posterior ventrolateral frontal cortex,
SMA, and extrastriate visual regions. These areas exhibited
greater activation in response to the affectively salient stimuli presented spatially overlapping with upcoming targets
in the absence of informative top–down spatial cues, consistent with the observed slower RTs observed in highanxious participants in this condition. These neural regions,
particularly posterior ventrolateral frontal cortex and SMA,
have been previously implicated in attentional orienting
and inhibitory control (Levy & Wagner, 2011; Hampshire,
Chamberlain, Monti, Duncan, & Owen, 2010; Sharp et al.,
2010), implying that reactive control processes engaged
following affectively salient stimuli may be critical to mediating individual differences in affective contingent capture. Significant activation was also observed in the right
fusiform gyrus (x, y, z: 45, −45, −21), overlapping with
the group-level FFA ROI, indicating that visual processing
of the exogenous cues also contributed to interindividual
variability in affective contingent capture. Note that neural
activity in these regions was explained by ACCI above and
beyond any activation attributed to trait anxiety per se,
which had also been included as a covariate in the model.
By contrast, we did not observe any significant activation being explained by trait anxiety above and beyond
that captured by ACCI. No regions correlated negatively
with ACCI.
Although these findings indicate that several regions,
including ventrolateral frontal cortex, SMA, and FFA, play
a vital role in mediating affective contingent capture, ACCI
encompasses differences in RT on all experimental conditions, not merely the critical interaction of affective salience and endogenous attention. It is possible, therefore,
that variability in responding in the other conditions might
be bolstering our neural effects of affective contingent capture or obscuring other effects of interest. To address this
possibility, we computed a more specific index of behavior
focused exclusively on the critical effect: the interaction

Figure 3. Neural correlates
of affective contingent
capture. Positive correlations
between neural regions
identified by the interaction
between affective salience
and exogenous cue validity
[(Uninformative cue, Fearful
Valid − Uninformative
cue, Fearful Invalid) −
(Uninformative cue, Neutral
Valid − Uninformative cue,
Neutral Invalid)] and the
ACCI (A) and the more
focused RT covariate (B)
targeting attentional facilitation
( p < .05, corrected).
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Table 2. Peak Activation Foci for Analyses Identifying Neural Regions Underlying Affective Contingent Capture
Regions

Hemisphere

BA

MNI Coordinates (x, y, z)

Cluster Size ( Voxels)

Z

Precentral gyrus (subpeaks in superior
frontal gyrus, middle frontal gyrus,
inferior frontal gyrus, and SMA)

R

6

1435

4.40

Inferior temporal gyrus (subpeaks in
fusiform gyrus, lingual gyrus, and
inferior occipital gyrus)

R

37

156

4.28

Thalamus

R

89

3.66

Inferior frontal gyrus

R

44/6

57

3.42

Precuneus

M

7

0, −63, 63

40

3.10

Inferior temporal gyrus (subpeaks
in fusiform gyrus, lingual gyrus,
inferior occipital gyrus, and
parahippocampal gyrus)

R

37

45, −66, −12

1470

4.58

Cuneus (subpeaks in superior occipital
gyrus, middle occipital gyrus, and
precuneus)

R

19

12, −90, 30

342

4.36

Postcentral gyrus (subpeaks in inferior
frontal gyrus and insula)

R

43

63, −15, 18

277

4.32

SMA (subpeaks in precentral gyrus,
and superior frontal gyrus)

M

6

0, 0, 75

1045

4.23

Postcentral gyrus (subpeaks in precentral
gyrus and inferior frontal gyrus)

L

43

−63, −15, 18

415

4.19

Subgenual anterior cingulate cortex

M

25

3, 21, −15

52

3.82

Precentral gyrus

R

6

45, −3, 45

76

3.54

Precentral gyrus

L

6

−39, −12, 39

102

3.52

Positively correlates with ACCI
15, −27, 75

51, −60, −21

6, −33, 6
63, 0, 6

Positively correlates with focused RT index

Analyses examined the interaction between exogenous cue validity and affective salience following uninformative top–down cues ([Uninformative Cue,
Fearful Valid − Uninformative Cue, Fearful Invalid] − [Uninformative Cue, Neutral Valid − Uninformative Cue, Neutral Invalid]). R = right; L = left;
M = midline; BA = Brodmann area.

between affective salience and endogenous attentional
settings, restricted to trials in which the exogenous cue
was presented in the same location as the upcoming target
([Uninformative Cue, Fearful Valid − Uninformative Cue,
Neutral Valid] − [Informative Cue, Fearful Valid − Informative Cue, Neutral Valid]). This focused RT index was then
entered as a between-subject covariate with the interaction between affective salience and exogenous cue validity
for trials following uninformative top–down spatial cues.
This whole-brain analysis identified a network of regions
exhibiting positive correlations with the RT index which
overlapped with those detected employing ACCI as a covariate, namely, bilateral dorsal frontal cortex, bilateral
posterior ventrolateral frontal cortex, SMA, and extrastriate
visual regions (Figure 3B and Table 2). Moreover, this more
focused analysis also revealed significant activation in the
subgenual ACC, a region that has been implicated in various

forms of emotion regulation (Etkin, Egner, & Kalisch, 2011).
Overall, these results confirm that the findings from the
analyses employing the ACCI were not driven by experimental conditions that were not germane to the behavioral
findings. No regions correlated negatively with this RT covariate. Moreover, a contrast examining the interaction between affective salience and exogenous cue validity for
trials following informative top–down spatial cues failed to
identify any neural regions that significantly correlated with
the RT covariate, indicating that, like the behavioral effects,
these neural effects were specific to conditions without
explicit top–down spatial biasing.
In summary, interindividual variability in affective contingent capture correlates primarily with activation variability in posterior ventrolateral frontal cortex, SMA, and FFA.
Greater activation in these regions is associated with delayed responding to targets appearing spatially coincident
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with fearful exogenous cues and may reflect differences in
basic perceptual processing, attentional orienting or inhibitory control. Critically, these neural effects, like the behavioral effects of interest, were contingent on top–down
attentional settings, present only in the absence of explicit
top–down spatial cues.
Frontal Regions Mediate the Relationship between Right
FFA and Interparticipant Behavioral Variability
The neural regions tracking interparticipant behavioral
variability in response to affectively salient exogenous cues
included both regions associated with basic stimulus processing, such as the right FFA, and frontal regions typically
implicated in attentional orienting or inhibitory control. As
all the regions identified exhibited positive correlations
with the RT indices, it remains unclear if these regions track
similar properties of behavioral variability or if some of the
regions carry unique information and mediate the effects

of the others. In particular, the RT data suggest that the
effects of affective salience on exogenous attentional guidance are contingent on top–down attentional settings, implying that differences in attentional orienting play a critical
role in mediating individual differences. Regions associated
with the ventral attention network and attentional control,
such as the posterior ventrolateral frontal cortex and SMA,
may therefore mediate the effects of basic perceptual processing regions that also track affective contingent capture,
such as the FFA. Mediation analyses were employed to
determine whether or not the frontal regions that were
identified in both the ACCI and the focused RT covariate
analyses mediated the relationship between the right FFA
and behavior, as indexed by the ACCI (see Methods). The
relationship between FFA activity and behavioral variability in affective contingent capture was fully mediated by
each of the three identified frontal regions: left posterior
ventrolateral frontal cortex, right posterior ventrolateral
frontal cortex, and SMA (Figure 4). Importantly, the converse was not true for any of these regions, as right FFA
did not mediate the relationship between any of the prefrontal regions and ACCI.2 Thus, activation in frontal regions
subsumed the activation in the right FFA, demonstrating
that signals carried in these critical nodes of the attentional
orienting system play a key role in mediating the effects of
affective contingent capture above and beyond the basic
effects of perceptual processing in the FFA.

DISCUSSION

Figure 4. Mediation analyses. The relationship between neural
responses in right FFA and ACCI is mediated by the left posterior
ventrolateral frontal cortex (A), the right posterior ventrolateral frontal
cortex (B), and the SMA (C). Numbers are unstandardized coefficients.
*p < .05.
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This study sought to clarify the role of endogenous attention settings in modulating affective exogenous guidance
of spatial attention. Employing a novel cueing paradigm,
we were able to independently manipulate top–down
attentional settings, exogenous cue validity, and affective
salience and observe their impact on attentional orienting
as a function of individual differences in anxiety. In the absence of explicit top–down spatial cues to target locations,
face stimuli exogenously facilitated attention to spatially
coincident targets for low-anxious participants, regardless
of affective expression. For high-anxious participants, although neutral face stimuli facilitated attention to target
locations, affectively salient face stimuli failed to generate
similar facilitation, instead resulting in RTs that were as
slow as trials when exogenous cues served to distract attention away from target locations. Critically, these effects
were contingent on top–down attentional settings; when
explicit cues directed top–down attention to upcoming target locations, high-anxious participants no longer exhibited
differential responding to fearful faces, indicating that top–
down attention can counteract the effects of exogenous
affective attentional guidance. As with other forms of exogenous cueing (Folk et al., 1992), affective capture effects
appear to be contingent on top–down attention settings,
providing an avenue to overcome the attentional biases
present in anxious individuals. Interindividual variability
in this affective contingent capture tracked with neural
Volume 24, Number 5

activation in bilateral ventrolateral frontal cortex and SMA
in the absence, but not the presence, of explicit top–
down spatial cues, consistent with the contingent nature
of behavioral affective capture effects.
High-anxious participants exhibited delayed responding
to fearful faces that facilitated target discrimination for
low-anxious participants, in contrast to some previous behavioral studies demonstrating speeded threat detection
by anxious participants (Fox et al., 2001; Ohman et al.,
2001). However, tasks involving target discrimination at
locations spatially coincident with threat reveal deficits
for high-anxious, but not low-anxious, participants (Chajut,
Schupak, & Algom, 2010; Salemink et al., 2007). This dissociation between initial threat detection and subsequent
target discrimination likely reflects differences in their
relative attentional control demands. In the present task,
successful performance required the visual discrimination
of a subtle alteration in a nonaffective stimulus (i.e., the
slight tilt of one of two Gabor patches), demanding a reorientation of attentional resources from the affectively
salient exogenous cue to the non-affective target stimulus.
Consistent with Attentional Control Theory (Eysenck,
Derakshan, Santos, & Calvo, 2007), highly anxious participants may have been more sensitive to the exogenous
affective stimuli than low-anxious participants, with the
fearful stimuli potentially dominating attentional resources
and generating interference with the visual discrimination task. Moreover, high-anxious individuals exhibit pronounced deficits in disengaging from threatening stimuli
(Salemink et al., 2007; Koster, Crombez, Verschuere, &
De Houwer, 2004; Amir et al., 2003; Fox et al., 2001), further enhancing the capacity of affectively salient stimuli to
disrupt attentional deployment and task performance. In
contrast, on tasks involving detection of threatening stimuli
(Ohman et al., 2001) or neutral stimuli presented in the
same location as threatening stimuli (Mogg & Bradley,
1999), this hypersensitivity to affective stimuli and difficulty reorienting away from them would result in speeded
responding. Thus, the observed differences in task performance are likely driven by enhanced demands on attentional reorienting and inhibitory processes for high-anxious
participants following affectively salient stimuli.
The network of neural regions that tracked individual
differences in affective contingent capture is highly consistent with the enhanced capacity of affectively salient
stimuli to interfere with ongoing processing for anxious
participants and place enhanced demands on attentional
reorienting systems. Bilateral ventrolateral frontal cortex,
SMA, and FFA all exhibited enhanced activation following presentation of affectively salient stimuli at upcoming
target locations in individuals with relatively delayed responding in that condition. Importantly, signal in the
ventrolateral frontal cortices and SMA fully mediated the
effects of FFA, demonstrating a critical role for these frontal
neural regions in mediating behavioral variability. A recent
meta-analysis highlighted the role these regions play in
both orienting to external stimuli and implementing in-

hibitory control (Levy & Wagner, 2011), consistent with
enhanced attentional control demands for anxious participants when reorienting attention from affective cues
toward neutral targets. Posterior ventrolateral frontal cortex has been previously implicated in attentional capture
effects (De Fockert, Rees, Frith, & Lavie, 2004), exhibiting
greater activation in the presence of perceptually salient
distractors, and lesion evidence highlights a role for this
region in resolving interference from salient distractors
(Michael, Garcia, Fernandez, Sellal, & Boucart, 2006). This
study extends these findings to the domain of affective
stimuli, while further demonstrating their dependence on
endogenous attentional settings. Activation in the SMA
is closely tied to action updating and inhibitory control
processes (Sharp et al., 2010; Chikazoe et al., 2009; Aron,
Behrens, Smith, Frank, & Poldrack, 2007) and has additionally been implicated during selective orienting and
resisting interference from affectively salient distractors
(Krebs, Boehler, Egner, & Woldorff, 2011; Armony &
Dolan, 2002). Indeed, the SMA and posterior ventrolateral
frontal cortex are interconnected and share projections
to motor regions and the subthalamic nucleus (Nachev,
Kennard, & Husain, 2008; Aron et al., 2007), rendering this
network critical to implementing inhibitory control, reorienting attention, and updating action plans. Enhanced
recruitment of this network likely reflects the increased
interference and heightened attentional control demands
generated by affectively salient stimuli for high-anxious individuals. Consistent with this position, greater activation
was also observed in subgenual ACC, a putative emotion
regulation region (Etkin et al., 2011) with strong connections to limbic structures (Beckmann, Johansen-Berg, &
Rushworth, 2009) which could be critical in mediating
affective capture effects. Crucially, increased activation
was only observed in neural regions in the absence of
informative top–down attentional settings, demonstrating
that these regions were vital to mediating reactive attentional control during affective capture, but were not
mobilized when attention was spatially directed before
exogenous interference.
Given the critical role of the amygdala in affective
processing and orienting to salient stimuli ( Vuilleumier,
Richardson, Armony, Driver, & Dolan, 2004; Anderson &
Phelps, 2001; LeDoux, 2000), it is somewhat surprising
that we did not observe activation in this region or nearby
voxels during our task. Despite conducting additional
exploratory analyses, repeating all analyses reported
here in conjunction with small-volume correction of an
anatomically-defined amygdala ROI, we identified no significant activation. Possibly the high cognitive load and
short presentation time of affective stimuli contributed to
the lack of differential amygdala responding, as this region
has been shown to be sensitive to the availability of cognitive resources (Lim, Padmala, & Pessoa, 2008; Pessoa et al.,
2002; Vuilleumier, Armony, Driver, & Dolan, 2001). Moreover, the timing structure of our task and the poor temporal
resolution of BOLD fMRI may have diminished our ability
Reeck, LaBar, and Egner
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to detect rapid, transient signals in the amygdala underlying
orienting to the exogenous affective stimuli. Additionally,
findings of preserved attentional capture by affectively salient stimuli in amygdala lesion patients call into question
the necessity of the amygdala in mediating attentional orienting to affective stimuli (Piech et al., 2011). However,
activation in the FFA was observed in response to exogenous cues, particularly in the absence of directed top–down
attention. Critically, variability in the FFA was also associated
with interindividual variability in attentional orienting, implicating perceptual processing of the affective exogenous cues
in contributing to differences in affective capture effects.
However, these differences in bottom–up processing regions were subsumed by variability in frontal regions, implying that more than variability in basic perceptual processes
drove differences in affective contingent capture.
The importance of frontal regions in mediating individual differences in affective contingent capture is consistent with neurocognitive theories that highlight a critical
role for executive control in anxiety disorders. Some recent theories have emphasized the importance of frontal–
amygdala interactions in anxiety disorders (Bishop, 2007),
highlighting the role executive function plays in modulating affective responses. The relationship between trait
anxiety and affective contingent capture observed in this
study is consistent with the notion that anxious individuals
are more susceptible to threatening stimuli (Eysenck et al.,
2007; Macleod et al., 1986), and this hypervigilance may
be central to the etiology and maintenance of anxiety disorders (Mathews & MacLeod, 2002). Our demonstration
that endogenous top–down attention can overcome this
sensitivity to affective stimuli points to a role for proactive
engagement of top–down control as a candidate for incorporation in the development of behavioral interventions.
Behavioral clinical interventions aimed at retraining anxious individuals to orient attention away from threatening
stimuli have been successful in generating anxiolytic effects
(Bar-Haim, 2010; Hakamata et al., 2010), and the present
findings of affective contingent capture suggest that the
incorporation of top–down attentional orienting into similar interventions could enhance their efficacy. Although
endogenous attentional settings may need to be established before the appearance of affective external stimuli
to diminish their capacity to exogenously direct attention,
such forms of proactive control may be both highly effective in diminishing interference from external stimuli
and readily implemented in ecologically valid settings
(Aron, 2011).
This study demonstrated that affective capture effects
can alter exogenous attentional guidance, particularly in
anxious individuals, but that these effects are contingent
on endogenous attentional settings. These findings are
consistent with numerous theories of anxiety emphasizing
susceptibility to threat and fearful stimuli (Bishop, 2007;
Eysenck et al., 2007; Mathews & MacLeod, 2002; Mathews
& Mackintosh, 1998). Although the present research focused on the role of fearful stimuli in guiding attention
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in anxious individuals, our findings cannot disambiguate
whether these effects are unique to threatening stimuli
or extend to other affectively salient stimuli. Additionally,
similar affective contingent capture effects may potentially
be present for positively valenced affective stimuli in other
populations, such as individuals high in reward sensitivity.
For instance, stimuli associated with large reward can capture attention, particularly in individuals with lower selfreported inhibitory control (Anderson, Laurent, & Yantis,
2011); however, the role of endogenous attentional settings in modulating these effects remains unexamined.
Finally, in this study, we investigated attentional capture
by single, sudden-onset stimuli. Whereas this is a wellestablished means of producing attentional capture effects
(Yantis & Jonides, 1990), other approaches have investigated this phenomenon in the context of simultaneously
presented arrays of multiple stimuli competing for attention (e.g., Theeuwes, 1992). Whether the current findings
generalize to the latter type of experimental set-up represents an interesting question for future studies.
In the present experiment, neural activation in posterior
ventrolateral frontal regions and SMA mediated behavioral
variability in affective contingent capture across individuals,
and like the behavioral effects, demonstrated sensitivity to
endogenous attentional signals. These findings indicate a
critical role for these regions in mediating attentional orienting and interference resolution processes when engaged
by affectively salient stimuli and provide insight into the
neurocognitive mechanisms underlying anxiety.
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2. Mediation analyses were also conducted examining the relationship between the right FFA and the focused RT index
employed in the second between-subject analysis. As with the
analyses conducted utilizing ACCI, the relationship between responses in the right FFA and the RT measure was fully mediated
by each of the three frontal regions: left posterior ventrolateral
frontal cortex, right posterior ventrolateral frontal cortex, and
SMA. Again, the opposite was not true; activation in the right
FFA did not mediate the relationship between any of the frontal
neural regions and the RT index.
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