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Abstract
The right temporoparietal junction (R TPJ) is involved in stimulus-driven attentional control in
response to the appearance of an unexpected target or a distractor that shares features with a task-
relevant target. An unresolved question is whether these responses in R TPJ are due simply to the
presence of a stimulus that is a potential target, or instead responds to any task-relevant
information. Here, we addressed this issue by testing the sensitivity of R TPJ to a perceptually
salient, non-target stimulus -- a contextual cue. Although known to be a non-target, the contextual
cue carried probabilistic information regarding the presence of a target in the opposite visual field.
The contextual cue was therefore always of potential behavioral relevance, but only sometimes
paired with a target. The appearance of the contextual cue alone increased activation in R TPJ, but
more so when it appeared with a target. There was also greater connectivity between R TPJ and a
network of attentional control and decision areas when the contextual cue was present. These
results demonstrate that R TPJ is involved in the stimulus-driven representation of task-relevant
information that can be used to engage an appropriate behavioral response.

Introduction
In order to behave efficiently in a complex environment, it is necessary to not only direct
top-down attention to task-relevant information, but also to integrate sensory events of
contextual relevance. Contextual information may not always provide sufficient information
to immediately execute goal-relevant actions, but may nevertheless predict the occurrence of
events and behaviors related to the current goal. Successful use of such contextual
information requires the rapid integration of previously unattended stimuli with ongoing top-
down selection processes. In this study, we explored the role of TPJ in representing
contextual information that could be used to bias mechanisms of top-down information
selection.

The right temporo-parietal junction (R TPJ) has consistently been found to be activated by
unexpected stimulus events of behavioral relevance. Behavioral relevance has typically been
defined by task-relevant target properties. For example, in variations of the Posner cueing
paradigm, (Posner 1980), R TPJ and the right inferior frontal gyrus (IFG) were activated
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specifically by “invalid” targets that appeared in an unexpected location, (e.g. Corbetta et al
2000; Corbetta et al 2008; Indovina & Macaluso 2007; Kincade et al 2005; Natale et al
2009; Shulman et al 2007; Vossel et al 2009). Similarly, R TPJ is sensitive to non-targets
that share the target color (Hu et al 2009; Natale et al 2009; Serences et al 2005)or category
(Hampshire et al 2007), and task cues that indicate a new target location (Shulman et al
2009). Unexpected stimuli in these paradigms produced shifts in spatial attention, but shifts
of attention are not a necessary condition for R TPJ activation: R TPJ also responds to
oddball targets within an attended stream (Marois et al 2000), cues indicating low frequency
target locations (Shulman et al 2009) and sudden changes in continuous sensory events that
violate expectations (Downar et al 2000; 2002). While some of these studies also report left
TPJ activation under similar conditions, R TPJ activation is generally more robust and
reliable. R TPJ activation is stimulus-driven, but only in response to unexpected stimuli of
potential behavioral relevance. This has led to the hypothesis that R TPJ and the ventral
attentional network acts as a filter that selectively gates stimulus information based on task
goals (Corbetta et al 2008; Shulman et al 2007)

In contrast, stimulus-driven attentional capture by perceptually salient stimuli that are
completely task-irrelevant do not activate R TPJ. Instead, salient stimuli of this kind tend to
interfere with task processing and activate the intraparietal sulcus (IPS) and frontal eye
fields (FEF) (e.g. Corbetta et al 2008; Indovina & Macaluso 2007; Kincade et al 2005). IPS
and FEF form a dorsal attentional network that is thought to reflect the current distribution
of spatial attention across the visual field, (e.g., Bisley & Goldberg 2003; Goldberg et al
2006; Gottlieb 2007), and to control the voluntary orientation of attention (e.g. Corbetta
1998; Corbetta et al 2000; Geng et al 2006; Serences & Yantis 2007; Yantis et al 2002).
Sensory stimuli that are completely irrelevant to current goals but yet capture attention are
represented within the dorsal attentional priority map, and do not engage R TPJ and the
ventral attentional network (e.g., Geng & Mangun 2009).

These previous studies suggest that the mechanisms of stimulus-driven attention depend on
the task-relevance of the stimulus. TPJ and the ventral attentional network are selectively
activated by unexpected task-relevant stimuli, but task-relevance has so far been defined
primarily by information that is directly related to target processing (e.g., targets, non-targets
with target features, or target-related cues). Thus, while it has been hypothesized that TPJ is
sensitive generally to any behaviorally relevant stimulus that leads to a change in the focus
of attention, current studies have not addressed whether or not TPJ is sensitive to non-target
contextual information that may facilitate the current behavioral goal.

In this study, we define task-relevance flexibly by manipulating the statistical relationship
between a perceptually salient contextual cue and the appearance of a target stimulus. The
contextual cue and target appeared in opposite visual fields within bilateral streams of
“standard” stimuli (see Figure 1). The contextual cue was only partially predictive of the
appearance of the target, which allowed us to dissociate responses to the target alone, the
salient contextual cue alone, and the coincidence of the two. The salient stimulus was
therefore always of potential behavioral relevance, but only sometimes paired with a target.
This allowed us to dissociate activation related to the detection of the potentially informative
stimulus and its actual task-relevance.

Materials and Methods
Subjects

Imaging and behavioral data were collected from 16 subjects (8 females, 1 left handed).
Three were excluded based on technical problems with data acquisition or excessive head
motion; data from 13 subjects were entered into our analyses. All were screened for MRI
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compatibility and gave written informed consent in accord with the local ethics clearance as
approved by NIH. All had normal or corrected-to-normal vision and none had a history of
neurological or psychiatric disorder.

Experimental Design
A factorial design was used such that attention was blocked to either the left or right
stimulus stream, the target was present or absent, target discrimination was hard or easy and
the contextual cue was either present (i.e., a high luminance stimulus in the unattended
stream) or absent (i.e., a standard stimulus). Targets were identical to standard stimuli except
narrower (see Figure 1); easy targets were more narrow and therefore the change from a
standard was easier to detect. Target location and difficulty were blocked and indicated by
the location and color of the rectangle within the fixation square prior to the start of each
block (e.g., a blue rectangle on the left indicated that an easy target would appear in the left
visual stream) (Figure 1). The cue remained visible throughout the block. Blocks lasted
between 12 and 18 seconds and were separated by a blank fixation period lasting 2 or 12
seconds. Each subject experienced 10 scan sessions composed of 12 blocks each.

Standard stimuli appeared simultaneously with the onset of the spatial cue and were
presented bilaterally in homologous locations. The corner nearest fixation was 3.5° of
horizontal and .21° of vertical visual angle from central fixation. A standard stimulus
subtended .2° of horizontal visual angle and .44° of vertical visual angle, at central fixation.
Standards appeared every 500 ms, lasted 100 ms and were continuously presented
throughout the block in the bilateral rapid visual presentation streams. Targets appeared in
the stream indicated by the location cue with 100% validity and were identical to the
standard except narrower. Difficult targets subtended .12°, and easy targets, .05° of
horizontal visual angle, but were identical to the standard stimulus in height and luminance
(6 cd/m2). Subjects were asked to press a single button with their index finger whenever a
target appeared (in the attended stream). Subjects were instructed to only respond if they
were “50% or more sure that they detected a target”. Non-target contextual cues only
appeared in the unattended stimulus stream and were identical to a standard except for its
luminance (25 cd/m2). These high luminance contextual cues were perceptually salient to
ensure its primacy in bottom-up processing compared to the less salient target. This
permitted measurement of its contextual relevance (i.e., whether it facilitated or interfered
with target processing).

Two targets and two contextual cues appeared in each block and they coincided once,
resulting in the following three trial types of primary interest: target + contextual cue, target
alone (with standard in the unattended stream), and contextual cue alone (with standard in
the attended stream) (see Figure 1). Half of all targets appeared with a salient contextual cue
and half of all contextual cues appeared with a target. The remaining targets and contextual
cues appeared with a standard stimulus in the opposite stimulus stream. Standard stimuli
appeared bilaterally every 500 ms. The inter-trial interval between trials of interest was 2 to
10 seconds, jittered in intervals of 2 seconds to allow for uniform sampling of event-related
BOLD responses across the whole TR and to maintain behavioral uncertainty regarding the
onset of the next target stimulus.

The most critical aspect of the design involved the predictive value of the contextual cue for
target discrimination. Although the salient contextual cue only appeared with the target 50%
of the time, it still provided predictive power compared to standards, only 3% of which
coincided with a target (recall that standard stimuli occurred every 500 ms throughout a
block of trials). Thus, the appearance of the contextual cue signaled a relative increase in
likelihood of a target being present. This design allowed us to evaluate the behavioral and
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brain responses to a contextual cue that carries task relevant information both when it occurs
with a target and when it does not.

Behavioral training was conducted outside the scanner until participants understood the task
and demonstrated the ability to correctly detect targets in every block within an experimental
session. Stimuli were presented via a video projector and front projection screen. The screen
was viewed via a mirror system attached to the head coil. All subjects were instructed to
maintain visual fixation. Eye-tracking was performed at 60 Hz using Applied Science
Laboratories (ASL, Inc. Bedford, MA) model 504 with long-range remote optics.

Image and data processing
MRI data were acquired from a 3T Siemens Trio scanner (Siemens, Erlangen, Germany)
equipped with an 8 channel phased array head coil. A T2*-weighted echo planar imaging
(EPI) sequence was used to acquire volumes of 34 slices of 3 mm thickness (3.4 × 3.4 mm
in-plane resolution) with a distance factor of 10%, every 2000 ms. Slices were axially
oriented and covered the whole brain. 222 volumes were collected in each session for 10
sessions. Image data were analyzed using SPM5 (Wellcome Department of Imaging
Neuroscience, London, UK; Friston et al., 1995). Prior to statistical analysis, the first four
volumes were discarded to allow for T1 equilibrium effects. Images were realigned and
unwarped to correct for interactions between movement and field inhomogeneities
(Andersson et al., 2001), normalized to the MNI EPI template available in SPM 5, and
resampled to a resolution of 2 × 2 × 2 mm. Data used in group image analyses were
additionally smoothed with a three-dimensional 9 mm full-width half maximum (FWHM)
Gaussian kernel.

High resolution T1-weighted structural images were acquired using a MPRAGE sequence,
coregistered with each subject’s EPI images, and normalized to the MNI template brain.
These were used for identifying individual anatomical landmarks for ROI selection (see
below). An average structural image was created from the normalized T1-weighted images
for the purpose of displaying functional results from the group.

Hemodynamic responses to stimuli in the 12 experimental conditions were modeled for each
subject by stick functions convolved with a canonical hemodynamic response function. The
12 conditions were given by crossing the attended side, target difficulty, and the three
combinations of target and contextual cue presence. The fourth combination where the target
and contextual were absent (effectively two standard stimuli) was not separately modeled,
but served as part of the implicit baseline against which responses to targets and contextual
cues were estimated (e.g., Jack et al 2007; Marois et al 2000; Serences et al 2005). Misses
and false alarms were modeled separately as two additional conditions. Linear contrasts of
parameter estimates were estimated for each subject and combined for the group level in
random-effects GLM. Behavioral data and image data extracted from individual regions of
interest (ROIs) were analyzed using R software (www.r-project.org).

Eye position data
Eye position data for each subject and run were normalized to the global mean signal across
the entire run to account for drift. Values exceeding a z score of 3 or greater, which could be
caused by artifacts unrelated to the experimental manipulation such as blinks, or loss of data,
were removed and replaced with a mean of the neighboring values. The data were then
smoothed with a five-point moving average to remove remaining noise artifacts.
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Region of interest (ROI) selection
Regions of interest were selected in each individual based on a combination of functional
activation and anatomy; the peak activation closest to the group functional results from the
contrast of target + salient contextual cue minus target alone was used in combination with
the anatomical region defined by the intersection between the superior temporal sulcus the
angular gyrus to identify the ROI center (see Supplemental Table 1 for individual ROI
coordinates). Each ROI was a spherical volume with a radius of 2 mm. TPJ ROIs could not
be reliably identified in one subject and that subject was excluded from all ROI analyses.
Mean estimates were extracted for each individual corresponding to all conditions of the
experiment. To address the primary experimental question, extracted parameter estimates
corresponding to the contextual cue alone were compared to those for the two target present
conditions using paired t-tests. Additional ANOVAS were performed on all extracted
parameter estimate values to test for effects related to target side and difficulty.

Psychophysiological interactions analysis
We applied the “psychophysiological interactions” (PPI) approach (Friston 2002; Friston et
al 1997) that tests for condition dependent covariation in activity between a ‘seed’ region
and any other brain area, after the effects of the experimental factors in the model have been
accounted for. The PPI reflects changes in the degree to which activation in one region
covaries with activation in another region based on an experimental manipulation. The PPI
analyses were free of any assumptions about which areas in the brain should show
functional connectivity with the seed regions.

For each subject, mean-adjusted data (first eigenvariates of the timeseries) were extracted
from all voxels within each left and right TPJ ROI (see above). The PPI procedure in SPM5
was then used to create regressors representing the timecourse of activation in each TPJ seed
region and their interaction with the presence or absence of the contextual cue, (see,
Gitelman et al 2003). These regressors were added to the existing subject-specific models,
and two new random-effects models were calculated to identify any regions (on a voxel-by-
voxel basis) showing increased coupling with left or right TPJ for a target appearing with a
salient contextual cue compared to a target alone.

Results
Eyetracking

Eye data were acquired from 9 out of the 13 subjects whose fMRI data were included for
analysis. Data quality from 4 out of 13 was inadequate for analysis. Data from each subject
were divided into the twelve experimental conditions given by crossing the attended side
(left, right), target difficulty (easy, hard), and the three target plus contextual cue conditions
of interest (target + contextual cue, target alone and contextual cue alone). The distribution
of fixation points in each condition was normal and an average of 93% of the data from each
condition were within 1°of the fixation point. There were no significant differences between
corresponding left- and right-sided conditions in the proportion of central fixations (all t <
1.7); these data demonstrate that subjects were able to maintain central fixation throughout
the experiment (Figure 2).

Behavioral performance on the target discrimination task
Target discrimination was moderately difficult and subjects correctly detected an average of
82% of targets. We first report reaction time (RT) data for correct target discriminations and
then the signal detection measures of sensitivity (d′) and decision criterion (c). In order to
calculate signal detection measures despite relatively high accuracy, subjects with 100%
accurate performance in any condition were assigned a hit rate of 99.9% and false alarm rate
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of .1% (Macmillan & Creelman 1991) (Two subjects had 100% accuracy in 1 condition and
2 had 100% accuracy in 2 conditions. All conditions with 100% accuracy included the
contextual cue.) Sensitivity, d′ = (z(hits) - z(false alarms)), and decision criterion, c =
(z(hits) + z(false alarms))/2), were calculated for each subject in each condition (Green &
Swets 1966; Levine & Parkinson 1994).

Analysis of RT data only included trials where a target was correctly detected. A repeated
measures ANOVA of the six conditions given by the attended side (left, right), difficulty
(easy, hard) and contextual cue (present, absent). First, RTs were shorter when the
contextual cue was present, (F(1,12) = 56.7, p < .00005), (means: contextual cue present =
593 ms, absent= 639 ms; Figure 3A), suggesting that the contextual cue facilitated
performance despite being in the unattended visual stream opposite to the target. Second, as
expected, RTs were shorter when the target was easy compared to hard, (F(1,12) = 23.2, p
< .0005), (means: easy = 600 ms; hard = 633 ms). There were no differences in performance
between left and right sided targets (RT: (F(1,12) = 2.0, p > .1), nor any significant
interactions. An additional analysis was also conducted on only target + contextual cue trials
as a function of whether this trial preceded or followed the contextual cue alone trial within
each block; there was no significant difference, (t(11) = 0.1).

Sensitivity (d′) and decision criterion (c) data were entered into the same repeated measures
ANOVA as the RT data and again the contextual cue and difficulty were found to impact
both measures of performance. There was a significant main effect of difficulty, (F(1,12) =
19.7, p < .001), and an interaction between difficulty and contextual cue on d′, (F(1,12) =
10.3, p < .01). d′ was significantly higher when target discrimination was easy overall, but
when detection was hard, d′ was higher when the contextual cue was present (Figure 3B).
Importantly, despite differences between conditions, d′ was high in all conditions (easy lo =
4.0, easy high = 3.8. hard lo = 2.8, hard high = 3.2), demonstrating that the salient contextual
cue was not used as a proxy for true target identification (if it were, there would be an equal
number of hits and false alarms when the contextual cue appeared resulting in a d′ of zero).
No other effects were significant.

The contextual cue had a bigger effect on subjects’ decision criterion (c): c was lower
overall when the contextual cue was present, (F(1,12) = 27.6, p < .0005), but more so when
target discrimination was hard, (F(1,12) = 5.1, p < .05) (Figure 3C). The more liberal
decision criterion corresponded to an increase in false alarm rates, (easy target, contextual
cue absent = 2.3%; easy, cue present = 5.1%; hard, cue absent = 3.8%; hard, cue present =
8.9%), but all decision criterion values were positive (i.e., values were to the right of the
intersection between the noise and signal-plus-noise distributions). This indicates that
subjects were relatively conservative in their decisions that a target had appeared (Green &
Swets 1966; Levine & Parkinson 1994). Subjects were likely conservative due to the relative
infrequency and difficulty of target discriminations and instructions to only respond if they
felt “more than 50% sure” that they saw a target. There were no other significant effects.

fMRI data
The main goal of the study was to understand the attentional mechanisms underlying the use
of a contextual cue that operated as a predictor of target presence. The behavioral results
demonstrated that the presence of the contextual cue facilitated target processing primarily
by changing the decision criterion that a target was present. We hypothesized that R TPJ and
the ventral attentional network would be involved in processing the contextual cue. To
functionally localize TPJ and to identify all regions that responded more when a contextual
cue appeared with a target, we first conducted a whole-brain group analysis of the contrast
of target + contextual cue minus target alone (i.e., with a standard stimulus). The contrast
threshold was set at voxel-wise significance of p < .001 and cluster-level significance of p
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< .001, corrected for family-wise error, (Poline et al 1997). There were three significant
regions: two clusters were in the left and right TPJ (−40 −50 24, peak-level z = 5.8; 46 −58
16, peak-level z = 4.4) and one was in the precuneus, spanning both hemispheres (−6 −56
46, peak-level z = 4.5) (see Figure 4A). These were the only areas within the whole brain
analysis that showed greater activation to targets with a contextual cue compared to a target
alonei.

Based on the group results, we next extracted ROIs for both left and right TPJ (although L
TPJ was not part of our original hypothesis) to better understand their functional properties
in response to the predictive contextual cue (see Methods). The main goal of the ROI
analyses was to distinguish between interpretations of the previous group results by
examining TPJ activation on “correct rejection” trials in which the contextual cue appeared
alone and a response was correctly withheld. If the greater response in TPJ from the whole-
brain analysis for targets + contextual cue compared to targets alone was due solely to
stimulus-driven reorienting of attention, or non-specific effects of arousal, then we would
expect equivalent activation in response to the contextual cue alone and to a target +
contextual cue. Alternatively, if TPJ acts as a “coincidence detector” that responds only to
target processing facilitated by contextual information, then activation to the contextual cue
alone should be similar to that of a target alone. Finally, if the response in TPJ was due to a
combination of stimulus-driven reorienting and the initiation of task-related decisions
associated with the stimulus, then we would expect an intermediate response to the
contextual cue alone. These contrasts involving the contextual cue alone against the two
target present conditions were independent of the contrast with which the ROIs were
initially identified.

The pattern of activation was different in left and right TPJ. R TPJ activation in response to
the contextual cue alone was intermediate to the two target conditions. This suggests that R
TPJ was sensitive to the stimulus-driven aspects of the contextual cue, but more so when it
triggered a decision that a target was detected: activation was greater in response to a target
+ contextual cue than a contextual cue alone (t(11) = 4.2, p < .005); and a contextual cue
alone produced greater activation than a target alone, (t(11) = 4.2, p < .005), (Figure 4B).
Furthermore, consistent with previous findings showing that R TPJ is deactivated under
conditions of top-down attentional focus (Shulman et al 2007), R TPJ activation was
negative in response to a target alone, even though the target was relatively infrequent
within in the attended stimulus stream, (t(11) = 3.8, p < .005).

In contrast to R TPJ, the response in L TPJ did not differ between targets and contextual
cues alone, (t(11) = .44) (Figure 4B). Instead, L TPJ was only activated by the coincidence
of a target and contextual cue: targets + contextual cues produced significantly greater
activation than contextual cues alone, (t(11) = 2.6, p < .05), or targets alone, (t(11) = 10.2, p
< .001). The precuneus cluster from the whole brain analysis produced a similar result (see
Supplemental Figure 1 and supporting text). This suggests that L TPJ and the precuneus
were not sensitive to the stimulus-driven aspects of the contextual cue, but rather to target
discrimination prompted by the informative cue.

In addition to the main effects of the target and contextual cue, we tested for interactions
with the manipulations of the target side (left, right) and difficulty (easy, hard) in the two
TPJ ROIs. In both left and right TPJ, there were significant interactions with the target side,

iThe higher luminance contextual cue was expected to activate visual cortex in this contrast. The following areas were significant at
the less stringent voxel level significance threshold of p < .001, uncorrected: the right cuneus (14 −98 14; 18 −98 12), left cuneus
(−14 −86 0) and left calcarine sulcus (−6 −94 2). Activation in these regions is consistent with the location of stimuli in the lower
visual quadrants.
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(L TPJ: F(2,22) = 8.4, p < .005; R TPJ: F(2,22) = 12.7) p < .0005). The interactions were
due to the pattern of differences (described above; see Figure 4) being larger when then
target was in the ipsilateral visual field (i.e., the contextual cue was contralateral). These
results were surprising and suggest that while left and right TPJ produced similar patterns of
activation in response to left and right target conditions, they both demonstrated some
spatial sensitivity. There were no significant interactions with target difficulty, (both F(2,22)
< 2.1, p > .14), although the trend was towards larger effect sizes when the target was hard
compared to easy.

Connectivity analysis
To further understand the role of left and right TPJ in stimulus-driven decision processes,
functional connectivity analyses were conducted. We conducted “psychophysiological
interactions” (PPI; see Methods) (Friston et al 1997), to test for regions whose activity
covaried more with activity in left or right TPJ on target + contextual cue trials compared to
target alone trials. An inclusive significance threshold of p < .001, uncorrected, was used in
conjunction with a cluster size criterion of 10 or more voxels.

There was greater connectivity between R TPJ and a number of attentional and decision
areas when a salient contextual cue accompanied the target, including the right inferior
frontal gyrus, right IPS, medial frontal cortex, the right pulvinar, bilateral cuneus, and the
right parahippocampal gyrus (see Table 1; Figure 5). Lowering the statistical threshold to, p
< .005, uncorrected with a cluster size of 10 or more voxels revealed additional activations
in bilateral FEF and the left central sulcus (motor cortex) and are reported here for
completeness (marked with an “*” in Table 1).

To test whether the right IPS and bilateral cuneus regions from the PPI were also related to
top-down attentional selectivity, the PPI results were masked with the independent contrasts
of contralateral attention minus ipsilateral attention (i.e. left targets minus right targets and
the reverse; Table 2). All three activations were still present, verifying that the same IPS and
extrastriate areas that showed greater connectivity with R TPJ when the contextual cue was
present were also involved in attentional selection and task-relevant sensory processing.
Thus, detection of a contextual cue that predicted the presence of a target resulted in greater
R TPJ connectivity with dorsal attentional control areas, task-relevant visual cortex, and
regions involved with task decisions. While it is not possible to infer causal directionality of
the connectivity results, they suggest that R TPJ participates in a network that translates a
sensory cue into a task-relevant behavioral action.

In contrast to the results from R TPJ, the only significant cluster from the L TPJ PPI was in
the vicinity of the R TPJ ROI (see Table 1). Even using a lower threshold of p < .01,
uncorrected with the R TPJ results as an inclusive mask did not reveal any significant
clusters of activation. Differences from the connectivity analyses between left and right TPJ
are consistent with idea that stimulus-driven attentional control is right lateralized (e.g.
Corbetta et al 2008;Friedrich et al 1998;Kincade et al 2005;Kinsbourne 1977;Mort et al
2003;Shulman et al 2009;Vossel et al 2009). The current results go further and indicate that
R TPJ is sensitive to stimulus-driven contextual information that is used for generating task-
relevant responses.

Discussion
The temporoparietal region is thought to be a critical hub within the ventral attentional
control network that supports the detection of behaviorally relevant stimuli. This is in
contrast to the dorsal attentional network (including IPS and FEF), which contain attentional
priority maps that reflect the current distribution of attention amongst all stimuli, regardless
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of task-relevance (e.g., Balan & Gottlieb 2006; Bisley & Goldberg 2003; Donner et al 2002;
Geng & Mangun 2009; Gottlieb 2007; Hu et al 2009). TPJ (particularly in the right
hemisphere) is selectively activated in fMRI studies by the unexpected occurrence of
information that is potentially task-relevant. “Task-relevance” has most frequently been
defined by a target object or features of the target template (e.g., the target’s color or
location) (e.g. Corbetta et al 2000; Corbetta et al 2008; Downar et al 2000; Hampshire et al
2009; Hu et al 2009; Indovina & Macaluso 2007; Natale et al 2009; Serences et al 2005;
Shulman et al 2007; Vossel et al 2009). These studies have demonstrated that TPJ is actively
involved in reorienting attention towards a target, or target-like stimulus, but have left open
the question of whether TPJ is sensitive to non-target information that nevertheless could
predict task-relevant behaviors.

In this study we defined task-relevance with a contextual cue (in an unattended visual field)
that was probabilistically related to the appearance of the target. Although in the unattended
stream, the contextual cue was perceptually salient and produced stimulus-driven attentional
capture. This paradigm differs intentionally from those in which salient non-targets were
distractors that interfered with processing (e.g., Balan & Gottlieb 2006; Bichot & Schall
2002; Bisley & Goldberg 2006; Donner et al 2002; Geng & Mangun 2009; Gottlieb 2007;
Hu et al 2009; Serences et al 2005). Using a probabilistic contextual cue allowed us to test
TPJ sensitivity to a non-target stimulus that carried task-relevant information both when it
was only of potential relevance (contextual cue only condition) compared to when it was of
practical relevance (target + contextual cue).

Using this paradigm, we found that R TPJ increased activation in response to the stimulus-
driven contextual cue that likely captured attention, but more so when that contextual cue
was accompanied by a target. Activation was the lowest (and negative) when a target
appeared alone, suggesting that R TPJ activity was specifically related to processes triggered
by the salient contextual stimulus. We hypothesize that detection of the contextual cue by R
TPJ produced a stimulus-driven increase in the expectation that an infrequent target would
be present. Consistent with this, there was greater connectivity between R TPJ and several
attentional control and decision areas (including the right IFG) when the contextual cue
appeared with a target than a target alone. The increased expectation facilitated responses by
decreasing target discrimination RTs and making the decision criterion more liberal, which
occasionally led to a false alarm. This suggests that R TPJ is part of a network that translates
stimulus-driven contextual information into task-relevant processing and responses. This is
consistent with previous results showing that R TPJ and IFG form a ventral attentional
control network (Fox et al 2006; Shulman et al 2009; Umarova et al 2010) and further
suggests that TPJ is more sensitive to the sensory event and R IFG to the decision that a
target was detected.

Interestingly, activation in R TPJ did not appear to be specifically related to the frequency of
the target or the contextual cue since R TPJ did not respond to a target alone, which
appeared with the same frequency as a target with the contextual cue. Instead it seems that R
TPJ responded to the stimulus-driven shift of attention towards the salient contextual cue,
which then increased activity within attention and decision regions in expectation of a target.
This is in contrast to the results from L TPJ, which responded only to the coincidence of a
contextual cue with a target, but not to either alone. L TPJ also did not show any changes in
connectivity specific to the presence of the contextual cue. This suggests that L TPJ is
involved in the process of discriminating a target that coincides with a contextual cue, but
may not be involved in detecting the contextual cue nor the network relating the cue with
task decisions and responses. Importantly, activation in both ROIs in response to the
contextual cue alone differed from that of the contextual cue with a target, suggesting that
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TPJ was not responding solely to task-independent changes in arousal or alertness due to the
onset of a salient stimulus.

The characterization of R TPJ as being involved in stimulus-driven changes in behavior also
fits generally with the role of R TPJ in theory-of-mind tasks where complex expectations
and inferences are integrated for generating an appropriate behavioral response(Hein &
Knight 2008; Saxe & Kanwisher 2003; Saxe et al 2004). Thus, a more concrete
understanding of the role of TPJ in stimulus-to-behavior transformations should help clarify
the specific roles of left and right TPJ in the different tasks where these brain regions have
been found to be active.

In conclusion, the current study demonstrated that a salient contextual cue that was
probabilistically related to a target stimulus resulted in shorter RTs and more liberal decision
criteria. R TPJ was activated by the contextual cue alone and more so when it appeared with
a target. R TPJ also showed greater connectivity with other attentional control and decision
areas when the contextual cue accompanied the target, suggesting that R TPJ was important
for executing stimulus-driven changes in behavior. Our data suggest that R TPJ and L TPJ
are both sensitive to the association of a contextual stimulus and task responses, but that
only R TPJ is part of a network that detects and translates sensory information into task-
relevant decisions.

Research Highlights

1. Salient contextual cue increases TPJ connectivity with attention and decision
areas

2. TPJ is sensitive to probabilistic contextual cues that facilitate behavior
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Figure 1.
Illustration of experimental conditions. Standard stimuli were presented in rapid bilateral
visual streams. The central fixation indicated which stimulus stream targets would appear in
and whether the target discrimination would be easy or hard (e.g, the right-sided blue
rectangle at fixation in the illustration above instructed subjects to attend to the right-sided
stream for easy targets). There were three event types of interest within each block: 1) target
alone trials in which a target appeared in the attended stream and a standard in the
unattended stream; 2) target + contextual cue trials in which a target and a contextual cue
appeared simultaneously; and 3) contextual cue alone trials in which the stimulus in the
unattended stream increased in luminance and a standard stimulus appeared in the attended
location.
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Figure 2.
Eye-position data from all 12 conditions plotted as the proportion of trials in each condition
at each distance in degrees of visual angle from central fixation.
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Figure 3.
Behavioral data from trials with correct target detection showing interactions between
contextual cue presence and target discrimination difficulty. ‘*’ signifies statistically
significant differences. A) RTs were shorter when the contextual cue was present and the
difference was bigger when detection was hard; B) sensitivity (d′) was greater for easy
targets overall, but amongst hard targets, sensitivity was greater when the contextual cue
was present; and C) the decision criterion (c) was more liberal in the presence of a
contextual cue, particularly when target discrimination was hard. Error bars are standard
error of the mean.
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Figure 4.
A) TPJ and precuneus regions activated by contrast of target + contextual cue minus target
alone. B) Parameter estimates for left and right TPJ ROIs in each of the three conditions of
interest.
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Figure 5.
PPI results from whole brain using R TPJ as the seed region. There was greater connectivity
between R TPJ and these attentional control and decision areas when the target appeared
with a contextual cue compared to a standard in the unattended visual stream.
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Table 1

Significant regions from right TPJ PPI connectivity analysis

Cluster size T- value Z-value MNI XYZ coord Anatomical region

R TPJ seed

27 5.74 3.83 66 6 20 R inferior frontal gyrus

143 5.71 3.81 −42 −34 46 Left postcentral gyrus

295 5.54 3.75 14 −20 10 R pulvinar

361 5.01 3.54 14 −100 10 R cuneus extending to MOG and fusiform gyrusb

128 5.33 3.67 2 22 54 R medial superior frontal gyrus

85 5.50 3.74 −16 −100 12 L cuneusb

94 5.31 3.66 −30 −94 12 L MOG

300 4.94 3.51 36 −48 44 R IPSb

26 4.82 3.46 −46 −52 2 L middle temporal lobe

24 4.56 3.35 48 42 −2 R middle frontal gyrus

256 4.36 3.25 −48 −18 56 L central sulcus (motor cortex)a

23 4.05 3.11 40 −34 26 R insula a

23 4.01 3.08 34 6 56 R suprior frontal sulcus (FEF) a

21 3.71 2.93 −54 6 −14 R suprior temporal gyrus a

115 6.16 3.97 −44 8 50 L superior frontal gyrus

42 4.13 3.14 −28 2 58 L sup frontal sulcus (FEF) a

64 5.89 3.88 28 −52 −2 R parahippocampal gyrus

L TPJ seed

10 4.72 3.42 58 −56 38 R TPJ

a
regions significant at p < .005, cluster size 10+

b
regions also significantly activated by contrast between left and right target hit trials (see Table 2)
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Table 2

Target-contralateral activations

Cluster size T-value Z-value MNI XYZ coord Anatomical region

Attend right minus Left

2644 8.83 4.83 −24 −74 28 L cuneus, extending into L fusiform gyrus

392 5.76 3.92 −26 −60 56 L IPS

Attend reft minus Right

2371 7.39 4.45 42 −70 −2 R middle occipital gyrus fusiform

89 6.78 4.27 −24 −94 −14 L inferior occipital gyurs

89 6.45 4.16 30 −54 50 R IPS

18 5.05 3.63 −8 −52 48 L precuneus
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