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Distractor suppression, the ability to filter and ignore task-irrelevant information, is critical for efficient
task performance. While successful distractor suppression relies on a balance of activity in neural net-
works responsible for attention maintenance (dorsal attention network; DAN), reorientation (ventral
attention network; VAN), and internal thought (default mode network, DMN), the degree to which in-
trinsic connectivity within and between these networks contributes to individual differences in dis-
tractor suppression ability is not well-characterized. For the purposes of understanding these interac-
tions, the current study collected resting-state fMRI data from 32 Veterans and, several months later
(775 months apart), performance on the additional singleton paradigm, a measure of distractor sup-
pression. Using multivariate support vector regression models composed of resting state connectivity
between regions of the DAN, VAN, and DMN, and a leave-one-subject-out cross-validation procedure, we
were able to predict an individual's task performance, yielding a significant correlation between the
actual and predicted distractor suppression (r¼0.48, p¼0.0053). Network-level analyses revealed that
greater within-network DMN connectivity was predictive of better distractor suppression, while greater
connectivity between the DMN and attention networks was predictive of poorer distractor suppression.
The strongest connection hubs were determined to be the right frontal eye field and temporoparietal
junction of the DAN and VAN, respectively, and medial (ventromedial prefrontal and posterior cingulate
cortices) and bilateral prefrontal regions of the DMN. These results are amongst a small but growing
number of studies demonstrating that resting state connectivity is related to stable individual differences
in cognitive ability, and suggest that greater integrity and independence of the DMN is related to better
attentional ability.

Published by Elsevier Ltd.
1. Introduction

Attentional control requires the ability to suppress, filter, and
disengage from task-irrelevant information (Clapp and Gazzaley,
2012; Leber, 2010; Theeuwes and Burger, 1998). This ability to
23
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minimize distraction is imperative to successfully navigate the
demands of the world around us and is compromised in many
psychiatric and neurologic populations (Bourel-Ponchel et al.,
2011; DeGutis et al., 2015; Eglin et al., 1989; Esterman et al., 2013a;
Mäki-Marttunen et al., 2015). Even within healthy populations
studies have observed variation in distractor suppression ability
(e.g., Esterman et al., 2014; Moser et al., 2012). More broadly, task-
based neuroimaging studies have revealed that better distractor
suppression and attentional control abilities are associated with
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optimal activation in numerous task-positive and task-negative
brain regions both between-subjects (Bishop, 2009; Forstmann
et al., 2008) and within-subject (Leber, 2010; Rosenberg et al.,
2015). Considerably less work, however, has investigated whether
intrinsic functioning of these networks reliably predicts individual
differences in attention (Rosenberg et al., 2016; Visintin et al.,
2015). Resting-state studies have proven highly useful in clinical
applications (Fox and Greicius, 2010), particularly in diagnosis and
outcome predictions, and can be used to predict normal variation
in cognitive function. Intrinsic functional connectivity, for ex-
ample, has been explored across several cognitive domains (Laird
et al., 2011), including executive function (Reineberg et al., 2015),
fluid intelligence (Finn et al., 2015), working memory (Sala-Llonch
et al., 2012), and selective attention (Kelly et al., 2008; Visintin
et al., 2015), but no studies to date have specifically addressed
distractor suppression. Such findings would inform future char-
acterization of pathological attentional dysfunction, as is found in
normal aging, psychiatric, and neurological disorders (Esterman
et al., 2013a; Moser et al., 2012).

Generally, attentional control is mediated by several brain re-
gions primarily within two anatomically distinct networks — the
dorsal and ventral attention networks (DAN and VAN, respec-
tively). Task-based functional magnetic resonance imaging (fMRI)
studies have characterized these networks as having separate, but
complementary, functions in the control of attention (e.g., Vossel
et al., 2014). Briefly, the DAN is thought to generate and maintain
voluntary, goal-directed attention by biasing processing in re-
levant sensory regions via top-down control, while the VAN (or
salience network) acts as a circuit-breaker to reorient attention
toward new and salient information via bottom-up input (Corbetta
et al., 2008). Current theories of distractor suppression point to the
role of both top-down control/DAN-dependent processing (Connor
et al., 2004) as well as bottom-up input/VAN-dependent proces-
sing (Theeuwes, 2004, 2010, 2013).

While the DAN and VAN generally support attentional control,
the default mode network (DMN) is thought to contribute to sti-
mulus-independent tasks, internally directed attention and
thought, and distraction (Buckner et al., 2008; Kucyi and Davis,
2014; Spreng and Grady, 2010). On the other hand, it has also been
associated with more efficient attentional control (Esterman et al.,
2013a). DMN engagement is typically suppressed during atten-
tionally demanding cognitive tasks and is often characterized as
relatively “anti-correlated” with the DAN during external goal-di-
rected attention (Anticevic et al., 2012). Further, DMN connectivity
to DAN contributes to individual differences in response time
variability, such that greater positive correlation is associated with
greater variability in task performance (Kelly et al., 2008). The
DMN has a more nuanced relationship with the VAN. First, it can
become positively connected with the VAN during internally di-
rected goal-oriented tasks, which is related to better task perfor-
mance (Vincent et al., 2008). In addition to this function, the VAN
has more generally been proposed as biasing the co-activation of
other networks such as DMN and DAN (Sridharan et al., 2008). In
support of this theory, structural degradation of the VAN is asso-
ciated with altered DMN activation (Bonnelle et al., 2012). To-
gether, these findings suggest the DMN is relevant to attention
both in its activation alone, as well as its potential coupling with
the DAN and VAN.

It is within this context that we sought to investigate the as-
sociation and predictive power of resting-state functional con-
nectivity with distractor suppression using the well-validated
additional singleton paradigm (Theeuwes, 1992). Within a cohort
of Veterans, a population known to have a wide range of atten-
tional abilities (Esterman et al., 2013a), we hypothesized that the
intrinsic functional connectivity between and within the DAN,
VAN, and DMN networks would, to some extent, reflect an
individual's distractor suppression ability and predict performance
outside of the MRI session. This hypothesis is consistent with
previous studies. Namely, it is within these three networks that
Visintin and colleagues (2015) identified regions as being corre-
lated with the performance on the Attention Network Task, while
Kelly et al. (2008) separately demonstrated that between-network
interactions of the DMN and DAN as being related to individual
differences in response variability. Thus, we further hypothesized
that increased within-network communication in all networks
would likely contribute to successful distractor suppression while
between-network communication with the DMN would con-
tribute to an increase in the susceptibility for distraction.

By way of support vector regression (SVR), we were able to
predict distractor suppression behaviorally using a large number
of intrinsic within- and between-network connections of the DAN,
VAN and DMN. Further, we were able to assess the relative im-
portance of these connections to classification, and their linear
relationships with individual differences in behavioral
performance.
2. Material and Methods

2.1. Participants

Thirty-one Operation Enduring Freedom/Operation Iraqi Free-
dom (OEF/OIF) Veterans and one pre-deployed service member
(all male; M=31.8 years, SD=7.8) were recruited for this study from
the VA Boston Translational Research Center for TBI and Stress
Disorders (TRACTS) RR&D Center of Excellence (see Lippa et al.,
2015 for a more in-depth description of the recruitment methods,
demographics, and clinical description of this population). While
no participants had a history of neurological conditions, physical
impairments, or moderate-to-severe TBI, it should be noted that
the Veteran population is characterized by common, overlapping
conditions related to deployment (e.g., posttraumatic stress dis-
order, PTSD; depression) that can compromise aspects of cognition
(Lippa et al., 2015). No participants, however, were excluded for
low task accuracy (see below), which could have indicated either
severe impairment or poor task compliance. This study was ap-
proved by the VA Boston IRB, written consent was obtained from
all participants, and research was conducted in accordance with
the Declaration of Helsinki.

2.2. Study design

As a part of the TRACTS study, participants underwent beha-
vioral and clinical assessments and magnetic resonance imaging
(MRI). In addition, a subset of individuals were given a follow-up
evaluation, 775 months post-MRI, that included the distractor
suppression (attentional capture) task (Esterman et al., 2013a).
Note that only a stable and robust relationship would remain after
this length of time.

2.3. Psychological evaluation

Though not the focus of the current study, PTSD symptoms
were assessed by administering the PTSD Checklist Civilian Ver-
sion (PCL-C; Weathers et al., 1994) at each session. It is notable
that greater PCL-C scores were previously shown to be associated
with a larger attentional capture effect (see Esterman et al., 2013a).
Participants’ PCL-C assessments at the two visits were highly
correlated (r¼0.84, po0.0001), suggesting that PTSD symptoms
were generally consistent over this time.
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2.4. MRI acquisition

Neuroimaging data were acquired using a 12-channel head coil
on a 3T Siemens (Erlangen, Germany) TIM Trio scanner. Two T1-
weighted anatomical MPRAGE (Magnetization Prepared Rapid
Gradient Echo) scans (TR/TE: 2530/3.32 ms, flip angle: 7°, 1-mm
isotropic) were acquired for surface reconstruction, inter-partici-
pant registration, and region of interest definition (per Yeo et al.,
2011, see below). Resting-state functional data (gradient echo
echo-planar imaging, TR/TE: 3000/30 ms, flip angle: 90°,
3.00�3.00�3.75 mm3, 38 slices) were also acquired in two 6-min
runs, during which participants were given instruction to keep
their eyes open and stay awake.

2.5. Distractor suppression task

To assess distractor suppression ability, participants were ad-
ministered a version of the additional singleton paradigm
(Theeuwes, 1992). This paradigm is regarded as a well-validated
measure of distractibility from perceptually salient distractors.
Each display consisted of an 8-item stimulus array with one un-
ique shape where circles and triangles were randomly assigned as
targets or distractors. Participants were instructed to search for a
unique shape, and press one of two buttons on the keyboard to
indicate whether the line inside this target shape was tilted left
("\") or tilted right (“/”). Participants were told to respond as
quickly as possible without making errors and that they would
receive feedback on their performance (after an error or 2 seconds
of target display with no response, subjects heard a short beep).
For 50% of trials, all items in the display were colored green (dis-
tractor-absent); for the other 50%, one of the non-unique shapes
was colored red (distractor-present). Following 20 practice trials,
participants performed 4 blocks of 75 trials. Reaction times (RTs)
and accuracy were measured for each trial. The attentional capture
effect was calculated as the difference in mean RT between dis-
tractor-present and distractor-absent trials (correct trial only) and
served as the primary dependent measure of distraction.

2.6. Image processing

Neuroimaging data were processed using a combination of
FreeSurfer (Fischl et al., 1999a), AFNI (Cox, 1996), and FSL (Jen-
kinson et al., 2012). FreeSurfer was used to reconstruct surface
models as described previously (Lindemer et al., 2013; Robinson
et al., 2015). FMRI scans were then processed using a standard
stream (motion correction; time shifting; concatenation of scans;
regression of motion, the global mean, white matter, and ven-
tricles; band pass filtering between 0.01 and 0.1 Hz; and the cen-
sor of time points with framewise displacement 40.5 mm). Data
were resampled to and smoothed on the surface, and each brain
was warped to a surface-based template (fsaverage) (Fischl et al.,
1999b).

For subsequent analyses, the 17-network surface-based func-
tional parcellations published by Yeo et al. (2011) were used to
extract individual cluster time series associated with the core
networks of the DAN (Network 6; 8 regions), VAN (Network 7;
7 regions), and DMN (Networks 15–17; 24 regions). The spatially
averaged time series of these 39 regions were then correlated,
which resulted in 741 total pairwise combinations.

2.7. Support Vector Regression (SVR)

These pairwise time series correlations were entered into a
linear SVR model as features (without feature selection or exclu-
sion) to predict attentional capture score (libsvm: http://www.csie.
ntu.edu.tw/�cjlin/libsvm/, implemented in MATLAB [Mathworks,
Natick, MA]). The classifier utilized a leave-one-subject-out (LOSO)
cross-validation procedure (Esterman et al., 2010) resulting in 32
iterations, or folds. The model generated from any 31 subjects was
used to predict the remaining participant's attentional capture
(difference in RT between distractor present and distractor absent
trials) based on their pattern of functional connectivity MRI
(fcMRI). For each fold of the classifier, each feature was normalized
based on the training set to a range of 0–1. The range transfor-
mation parameters were then applied to the test feature, thus test
data were not used for range normalization.

The mean weights for each feature were averaged across all
iterations of the classifier. Since the direct interpretation of clas-
sifier weights can be influenced by signal as well as noise, weights
were transformed by multiplying the weight vector by the sample
covariance matrix and corrected to reflect activation (see Haufe
et al., 2014). Features (functional connections) with activations
above zero indicated that greater connectivity predicted greater
attentional capture, while negative activations indicated that
greater connectivity predicted less attentional capture.

The 741 mean activations (“corrected” weights) were grouped
by within- and between-network pairs (DAN-DAN, DAN-VAN, etc.)
and one-sample t-tests were performed to determine whether
such activations were significantly different than zero. To further
determine if any of the 39 regions were significantly more “im-
portant” to the classifier than average (across all of its connec-
tions), the absolute value of the activations were averaged for each
region (38 connections per region) and compared to the critical
value calculated by a randomization test of 10,000 iterations of 38
random connections, with 2-tailed α¼0.025 (po0.05). In other
words, we determined whether the 38 connections with each ROI
were significantly more important than any randomly selected 38
connections. Note that a lack of significance for any region does
not indicate it is not important to the classifier, but rather the sum
of its connections do not have greater importance than a random
sample of any 38 connections.

2.7.1. Adjusting for PTSD
PTSD symptoms (as measured by PCL-C) at the time of each

session were considered potential covariates in the analyses. To
examine the influence of PTSD symptoms on the classifier's ac-
curacy, we performed two control analyses. First, the covariates
were included as additional features in the original classifier
model. If the classifier performance improved, it would demon-
strate that the covariates contributed above and beyond the
functional connectivity in predicting attentional capture. Second,
we computed "PTSD-corrected" capture scores from the residuals
of a linear regression. If the classifier could still predict this cor-
rected capture score, it would demonstrate that the functional
connectivity predicts unique variance in attentional capture not
yet explained by PTSD symptom severity.
3. Results

3.1. Clinical and behavioral assessments

We first sought to confirm that PTSD symptoms, which have
shown to affect distractor suppression (e.g., Esterman et al.,
2013a), were similar between the two sessions. Participants had a
mean PCL-C score of 34.66 (SD¼14.90) during the first session and
a mean of 35.72 (SD ¼14.77) during the second and were highly
correlated (r¼0.84, po0.0001). It should be noted that only six of
the participants had a total PCL-C score above 50, indicative of
clinical levels of PTSD, during at least one session (Forbes et al.,
2001). Thus, the majority of the sample had sub-clinical levels of
PTSD.



Fig. 1. The fcMRI-based classifier accuracy in predicting attentional capture
(r¼0.48, po0.01).

Fig. 2. The mean feature activations for each within- and between- network pair.
Negative feature activations are those connections that predicted less attentional
capture with greater strength, while those with positive activations predicted
greater attentional capture.

Table 1
Regions identified as having greatest importance to the classifier. RAI coordinates
are reported for the volumetric centers of mass.

Center of Mass (CM)

Network x y z Anatomical location

DMN 7 �49 8 L Ventromedial Prefrontal Cortex
(vmPFC)

7 49 26 L Posterior Cingulate Cortex (PCC)
22 �27 43 L Middle Superior Frontal Gyrus

�23 �33 41 R Middle Superior Frontal Gyrus
37 80 27 L Cuneus

DAN �27 6 53 R Middle Frontal Gyrus / Frontal Eye
Fields (FEF)

VAN �59 27 23 R Temporoparietal Junction (TPJ)
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Participants demonstrated a robust attentional capture effect
(M¼78.31 ms, SD¼40.34, po0.001), similar to what has been
previously demonstrated (Esterman et al., 2013a). Mean accuracy
was 93% (SD¼6.7%) and was not different between distractor ab-
sent and present trials.

3.2. Classifier performance

The support vector regression model successfully predicted
attentional capture above chance; classifier accuracy was con-
firmed as a significant correlation between the actual attentional
capture scores and the functional connectivity-based predicted
capture scores (r¼0.48, p¼0.0053; Fig. 1). This demonstrated that
patterns of intrinsic functional connectivity within and between
the DAN, VAN, and DMN were sufficient to predict 23% of the
variance in attentional capture. Further, including PCL-C scores
from both sessions as additional features (r¼0.48, p¼0.0057) or
by way of residual scores (r¼0.48, p¼0.005), did not alter classi-
fier prediction of attentional capture, suggesting PCL-C did not
further explain unique variance. It is additionally noteworthy that
there was no association (p40.4) between distractibility and the
quadratic mean of motion in the scanner.

When extended to other behavioral measures, the SVR model
did not successfully classify mean RT, RT variability, or accuracy.
Thus, the following results are exclusive to the capture effect.

3.3. Classifier feature activations and importance

Fig. 2 illustrates the feature activations (“corrected” weights;
see Methods) by network interaction of the original (non-ad-
justed) model. One sample t-tests of the mean activations revealed
negative within-network DMN (t(276)¼�3.73, po0.0001) and
positive between-network DMN-DAN (t(192)¼12.72, po0.0001)
and DMN-VAN (t(168)¼16.52, po0.0001) associations with clas-
sifier prediction. This indicated that within-DMN connection
strength predicted less attentional capture (better performance),
while between-DMN connection strength predicted more atten-
tional capture (worse performance). No significant associations
were found at the group-level for DAN-DAN, VAN-VAN, and be-
tween-network DAN-VAN features.

To assess the relative importance of using the support vector
regression algorithm, and considering, the added value of in-
dividual connections to a model, we utilized a two-step approach.
First, we computed the mean correlations for each network pair
(DAN-DAN, DAN-VAN, etc.), and then second, entered all six net-
work averages into LOSO linear regression. We found that while
the capture effect correlated with the mean DAN-DMN (r¼0.35,
po0.05) and VAN-DMN (r¼0.43, p¼0.014) at the whole-group
level, the six network summary statistics did not successfully
predict the capture effect with linear regression and a leave-one-
subject-out procedure (r¼0.15, p¼0.402). Closer examination re-
vealed an outlier drove the overall (unweighted) DAN-DMN/VAN-
DMN correlations. Without this observation, these overall pairwise
network connectivity values were no longer correlated with the
capture effect (r¼0.21; p¼0.268; r¼0.23, p¼0.211; respectively)
and the LOSO linear regression was likewise non-significant. It
should, however, be noted that the exclusion of this subject did
not greatly impact the strength of the SVR LOSO classifier (r¼0.41,
p¼0.02). These follow-up analyses reveal the importance of the
SVR procedure to weight the unique contributions of numerous
individual region-to-region connections to predict capture in a
cross-validated manner.

Of the 39 regions, seven were identified as having overall
average activation (for all 38 edges/connections) that were more
important to the classifier than any random 38 connections (see
Table 1 and Fig. 3): five within the DMN, one within DAN, and one
within VAN. These included putatively core regions of these
neworks, including the medial (ventromedial prefrontal and pos-
terior cingulate cortices) and bilateral prefrontal regions of the
DMN, as well as the right frontal eye field (FEF) of the DAN and
temporoparietal junction (TPJ) of the VAN. It is important that
these regions be considered as potential hubs in the relationship
between functional connectivity (FC) and distractor suppression
ability, rather than being the sole contributors to the classifier.



Fig. 3. All regions included in the classifier: the core default mode, dorsal and ventral attention network nodes of 17-network parcellation, as described in Yeo et al., 2011.
Those identified as having overall greatest importance to the classifier are color-coded as yellow. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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4. Discussion

The current study demonstrates that distractor suppression
ability is related to resting, intrinsic functional connectivity in at-
tention-related brain networks, in line with recent work relating
fcMRI with individual differences in cognition (Kelly et al., 2008;
Reineberg et al., 2015; Visintin et al., 2015; Rosenberg et al., 2016).
Rather than simply demonstrating this relationship, we found that
multivariate patterns of FC were able to predict individual varia-
tion in distractor suppression with moderate accuracy (r¼0.48).
Further, support vector regression revealed within-network DMN
connectivity, as well as DMN coupling with attention networks
(DMN-VAN and DMN-DAN), to be the strongest predictors of at-
tentional capture. These findings suggest that both the internal
coherence of the DMN, as well as its distinctiveness from attention
networks, are important for optimal distractor suppression ability.
This study corroborates existing task-based fMRI literature on the
roles of these three networks and further highlights the im-
portance of the DMN functioning for attentional control.

Our findings reveal that stronger internal DMN integrity sup-
ports better distractor suppression. This is consistent with a
wealth of literature that associates the loss of internal DMN in-
tegrity with a number of clinical disorders that impact attentional
control. For example, weakened within-DMN communication has
been reported in adult ADHD (Castellanos et al., 2008; Uddin et al.,
2008), pre-clinical pathological and normal aging (Andrews-Han-
na et al., 2007; Sheline et al., 2010), Alzheimer's disease (Balthazar
et al., 2014), and PTSD (Sripada et al., 2012). Greater internal in-
tegrity of DMN may be associated with less task-evoked activation
of DMN, and less DMN activation typically coincides with better
attentional performance. Along these lines, Mennes et al. (2010)
found decreased within-DMN connectivity during rest was asso-
ciated with increased task-evoked activation of DMN. Such in-
creased DMN activity during tasks has been shown in other stu-
dies to negatively impact the ability to maintain goal-directed
attention (Christoff et al., 2009; Esterman et al., 2013b; Kucyi and
Davis, 2014; Weissman et al., 2006).

In addition to internal integrity of the DMN, our findings also
reveal that DMN hyperconnectivity with task-related networks
(DAN and VAN) is associated with poorer distractor suppression
ability. This is consistent with evidence showing that weakened
anti-correlations between the DMN and attention networks are
associated with worse cognitive performance and clinical status.
Weaker anticorrelations with task-positive networks, for example,
have been associated with greater behavioral variability in ADHD
(Kelly et al., 2008), lower general fluid intelligence (Cole et al.,
2012), sleep deprivation (De Havas et al., 2012), and psychosis
(Wotruba et al., 2014) and could suggest an increasing shift from
the external to the internal focus of attention. Taken together, our
findings support the idea that disruption of within-network DMN
connectivity as well as increased (or less anti-correlated) com-
munication with the other networks contribute to DMN over-ac-
tivation, and ultimately failures during task performance.

Somewhat surprisingly, the internal integrity of DAN and VAN
themselves were not as a whole, significantly important to the
classifier, although this does not preclude the possibility that only
specific within-network connections were indeed critical. Along
those lines, two regions of the DAN and VAN were found to have
greatest overall importance to the classifier (Fig. 3). In the DAN, the
right FEF was revealed to have particularly important connections
and likely serves as a locus of interaction between the DMN and
other task-positive regions. Beyond the control of eye movements,
the right FEF has been shown to be involved in covert target se-
lection and the top-down control of attention (Buschman and
Miller, 2007; Schall and Hanes, 1993). Disruption to the area from
TMS, for example, has contributed to increased distractor inter-
ference (Hung et al., 2011) and poorer sustained attention (Ester-
man et al., 2015). In the VAN, the right TPJ was also highly sig-
nificant to the classifier. This area is thought to be a circuit-breaker
for shifts in attention and is important for target detection (Cor-
betta and Shulman, 2002). Reduced neural activity in this region,
paired with reduced deactivation of the DMN, has been shown to
underlie transient lapses in attention and slower response times
(Weissman et al., 2006).

Within the context of attentional ability, the current study is
among the first to successfully classify behavior using resting-state
functional connectivity. With moderate accuracy, this model,
comprised of only three functional networks externally-defined by
Yeo et al., (2011), implies consistent relationships between task-
positive/task-negative regions and distractor suppression. Simi-
larly, a recent study by Rosenberg et al., (2016) also demonstrated
that resting functional connectivity could predict attention ability
on a sustained attention task, with similar accuracy (r¼0.43,
p¼0.031). Interestingly, though Rosenberg and colleagues did re-
port a weak relationship between DMN-DMN connectivity and
better performance, they did not find the DMN to be relatively
informative, in contrast to motor and subcortical regions which
contained the most information. This may be due to the different
task, population, or rather more fine-grained and extensive brain
parcellation used by Rosenberg and colleagues (Shen et al., 2013).
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Other fcMRI studies implicate the DMN, with comparable effect
sizes. Although not classification, Visintin et al. (2015) found
posterior DMN (e.g. precuneus, ACC, right angular gyrus) con-
nectivity to be associated with greater flanker interference effects.
Kelly et al. (2008) confirmed that attention network-DMN com-
munication increased with behavioral variability on incongruent
(r¼0.67, po0.001) and congruent (r¼0.40, po0.05) trials, also on
a flanker task. Finally, Sala-Llonch and colleagues (2012) extended
the significance of DMN anti-correlations to working memory
ability (r¼�0.65, p¼0.012), and interestingly DMN was the only
significant network out of the eight considered. These studies offer
additional evidence that the DMN connectivity is an important
biomarker of attentional functioning.

A potentially fruitful future direction is to examine how other
forms of distractor suppression and executive functions rely on
similar and distinct components of intrinsic functional con-
nectivity. For example, another commonly studied form of atten-
tional capture by distraction is known as contingent capture (Folk
et al., 1992; Serences et al., 2005), in which distractors share fea-
tures with the targets, and thus distraction is modulated by top-
down processing and task-set. While the distractors in our task are
effective due to their low-level saliency (in this case, color), it
could be that contingent capture relies on integrity of some par-
tially distinct networks or regions. In particular, contingent cap-
ture has been related to working memory capacity (Mayer et al.,
2012), and thus may be related to functional connectivity in other
networks more often associated with working memory, rather
than more strictly associated with attentional control. Also of in-
terest is value-driven capture, when distractors hold previously
rewarded visual information (Anderson et al., 2011). This type of
capture is thought to rely on reward and learning mechanisms and
thus it could be that the basal ganglia, frontal-striatal circuits, or
medial prefrontal regions associated with reward and value
learning would be more predictive of this type of distractibility. It
would be useful for future work to determine the generalizability
of the current findings with regard to these different types of
distractor suppression effects and complement the findings pre-
sented here with task-based investigations of the roles of these
networks. More broadly, distractor suppression ability is thought
to be related to other aspects of attentional and executive func-
tioning (Friedman and Miyake, 2004), and thus the current find-
ings may generalize to other cognitive abilities, such as response
inhibition.

One limitation of the current study is that our sample, com-
prised of returning Veterans with varying degrees of combat ex-
perience and PTSD, generally represent a different demographic
than most studies of healthy cognition. Though few presented
clinical levels of dysfunction, it may be that the results presented
here are not entirely generalizable to those that have been observed
in a more conventional sample. However, given the relatively intact
performance and network integrity in these subjects and the ex-
pectation that we would be able to observe a greater dynamic range
in their attentional performance, the sample is appropriate for the
stated findings. It is also likely that our relatively modest sample
size did not yield enough power to detect potential associations
between capture performance and DAN-VAN connectivity or VAN-
VAN/DAN-DAN connectivity. Finally, while the selection of the DAN,
VAN, and DMN was based on clear hypotheses, other ways of de-
fining networks and ROIs could possibly provide better predictive
power and lead to converging or additional information regarding
the role of intrinsic functional connectivity and attentional control.

5. Conclusions

Though the relationship between intrinsic brain activity and
cognitive performance has been previously demonstrated, the
current study is one of the first to use multivariate models of
resting functional connectivity to predict individual variation in
attentional ability. We demonstrate that the intrinsic functions of
the DMN and its interactions with the attention networks can
predict distractor suppression ability in a Veteran sample. It is our
hope that this approach will encourage future characterization of
intrinsic connectivity in a wide range of cognitive tasks and
sample populations. These findings have particular implications
for clinical populations with impaired attention, as the intrinsic
integrity of these networks may be both diagnostic and serve as
potential targets for rehabilitation (Fox and Greicius, 2010; Halko
et al., 2014).
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