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Abstract

The right posterior parietal cortex (PPC) is implicated in spatial attention, but its specific role in emotional spatial attention
remains unclear. In this study, we combined inhibitory transcranial magnetic stimulation (TMS) with a fear-conditioning
paradigm to test the role of the right PPC in attentional control of task-irrelevant threatening distractors. In a sham-
controlled within-subject design, 1-Hz repetitive TMS was applied to the left and right PPC after which participants per-
formed a visual search task with a distractor that was either associated with a loud noise burst (threat) or not (non-threat).
Results demonstrated attentional capture across all conditions as evidenced by the typical reaction time costs of the dis-
tractor. However, only after inhibitory rTMS to the right PPC reaction time cost in the threatening distractor condition was
increased relative to the non-threatening distractor condition, suggesting that attention lingered longer on the threatening
distractor. We propose that the right PPC is involved in disengagement of attention from emotionally salient stimuli in
order to re-orient attention to task relevant stimuli and may have implications for anxiety disorders associated with diffi-
culties to disengage from threatening stimuli.
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Introduction

It is crucial for our survival to prioritize threat in our environ-
ment irrespective of ongoing goals. Indeed, multiple behavioral
studies indicated that threatening visual information captures
attention faster and delays disengagement more than non-
threatening information (Öhman et al., 2001; Fox et al., 2002;
Mulckhuyse et al., 2013; Schmidt et al., 2015; Mulckhuyse and
Dalmaijer, 2016; see for reviews Yiend, 2010; Carretié, 2014).
Nevertheless, the neural mechanisms underlying these emo-
tional attention processes remain unclear (LeDoux, 2003;
Vuilleumier, 2005; 2015; Bishop, 2008; Vuilleumier and Huang,

2009; Pessoa and Adolphs, 2010; de Gelder et al., 2011 Tamietto
and De Gelder, 2010). Current emotional attention models focus
on frontal-amygdala (LeDoux, 2003; Bishop, 2008) or amygdala-
sensory connections (Vuilleumier, 2005; Pourtois et al., 2013)
whereas conventional spatial attention models ascribe a critical
role to the right posterior parietal cortex (PPC), which is part of
the dorsal fronto-parietal attention network (Corbetta and
Shulman, 2002; Fox et al., 2005; Petersen and Posner, 2012)
involved in shifting attention (Nobre et al., 1997; Thut et al., 2004;
Mevorach et al., 2006; Hodsoll et al., 2009). However, studies that
investigated the role of the right PPC in shifting attention to
emotional stimuli are limited (Armony and Dolan, 2002;
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Keil et al., 2004; Pourtois et al., 2005; 2006; Mohanty et al., 2008,
2009; Engelmann et al., 2009; Peck et al., 2009). Therefore, the aim
of this study is to examine the contributions of the right PPC in
emotional spatial attention. More specifically, we tested
whether right PPC is involved in attentional capture by threat
(Hodsoll et al., 2009) or disengagement from threat (Chambers
et al., 2004), two major components of attentional bias in emo-
tional attention (Cisler and Koster, 2010; Clarke et al., 2013)
which have not yet been disentangled in the domain of emo-
tional attention (Armony and Dolan, 2002; Pourtois et al., 2006;
Clarke et al., 2013).

To test the role of the right PPC in emotional attention, we
used a sham-controlled crossover design in which inhibitory
slow frequency rTMS was applied to the left and right PPC.
Following inhibitory rTMS, participants performed a modified
version of the additional singleton paradigm (Theeuwes, 1992),
in which participants search for a target presented in a unique
shape singleton while a task irrelevant salient color singleton
(distractor) is presented. Typically, reaction times slow in the
presence of the distractor, which has been explained as bottom-
up attentional capture by the distractor and subsequent atten-
tional dwell time on the distractor before attention disengages
and shifts to the less salient target stimulus (Theeuwes, 1992,
1994, 2010). The standard approach to index attentional effects
of the distractor in the additional singleton paradigm is via the
interference effect, which is defined as the difference in mean
reaction time in the presence versus the absence of a salient
distractor. The attentional processes induced by the distractor
and target in this task have been demonstrated by the activa-
tion of the dorsal fronto-parietal attention network in func-
tional magnetic resonance imaging (fMRI) studies (de Fockert
et al., 2004; Lavie and de Fockert, 2006; Talsma et al., 2010) and
with the N2pc component in an electrophysiology study (Hickey
et al., 2006).

A differential fear conditioning procedure (Mackintosh, 1983)
was employed to associate one-colored distractor with a burst
of loud noise (threatening distractor), whereas another colored
distractor was not (non-threatening distractor). We hypothe-
sized that if the right PPC is involved in bottom-up attentional
control by threat, disrupting its function with rTMS should
reduce the interference effect of the threatening distractor
reflecting less attentional capture by the threatening distractor
(Hodsoll et al., 2009). Alternatively, if the right PPC is specifically
involved in top-down attentional control, then disrupting its
function with rTMS should enhance the interference effect of
the threatening distractor, indicative for longer attentional
dwell time on the threatening distractor (Chambers et al., 2004).

Materials and methods
Participants

Twenty-six, right-handed healthy volunteers (eight males, age
range 20–29 years) participated in this study. Participants were
screened for contraindications for non-invasive brain stimula-
tion (Keel et al., 2001). None of the volunteers had a history of
psychiatric or neurological disease, and all had normal or
corrected-to-normal vision. None of the participants was color
blind. The participants were naı̈ve as to the aim of the study,
and written informed consent was obtained. The study was
approved by the medical ethics committee of the University
Medical Center Utrecht and Utrecht University, Utrecht, The
Netherlands. Stimulation parameters were in agreement with
the International Federation of Clinical Neurophysiology safety

guidelines (Rossi et al., 2009) and in accordance with the stand-
ards set by the Declaration of Helsinki.

Apparatus, stimuli and design

The experimental task was run using E-prime software (release
2.0). Stimuli were displayed via a BENQ XL 2420T monitor
(refresh rate: 60 Hz) and responses were recorded with a Serial
Response Box (Psychology Software Tools, Sharpsburg, Inc., PA,
USA). During the fear conditioning phase, a burst of white noise
(200 ms, 95 dBa) was applied with a Sennheiser HD251ii
headphone.

Stimuli were presented on a black background. The display
consisted of nine elements equally spaced around fixation point
on an imaginary circle with a radius of 6� (Figure 1A). The ele-
ments consisted of eight open circles and one open diamond,
each 1.74� in diameter. In the diamond stimulus, the target was
presented; either a horizontal or a vertical gray line element. In
the circle stimuli, a gray line element was presented with a ran-
dom orientation of 22.5� or 45� tilted to either side of the hori-
zontal or vertical plane.

In the color singleton absent condition, all stimuli were gray,
in the color singleton present condition one of the outlines of
the circles was either red or green. The red and green colors
were matched for luminance.

The visual search task consisted of five blocks of 36 trials. On
half of the trials, no color singleton was presented. CSþ color
singleton distractors and CS� color singleton distractors were
presented on 25% of the trials, respectively. All trials were ran-
domly mixed within a block. In addition, in each block one to
four CSþ color singleton distractor trials were added that were
reinforced (in which the US was presented immediately after
CSþ offset) to prevent extinction (Mackintosh, 1983). These lat-
ter trials were excluded from analyses.

Each trial started with the presentation of a gray fixation dot
in the center of the screen. After 1650 or 1750 ms the stimulus
display was presented for 1000 ms. The diamond stimulus could
appear at any of the nine locations. The color singleton distrac-
tor could also appear at any of the nine locations, but never
directly next to the diamond stimulus.

Procedure

The experiment consisted of four different sessions on four dif-
ferent days: one intake session and three experimental ses-
sions. During the intake session, participants performed the
flicker fusion task to assess isoluminance of the red and green
colors. Subsequently, participants filled out the English version
or the Dutch translation of the trait anxiety inventory question-
naire (STAI-T; Spielberger et al., 1970; Van der Ploeg, 1980).
Following the questionnaire, the resting motor threshold (MT)
for the left and right hemisphere were determined by the
thumb movement visualization method with single pulse TMS
(Schutter and van Honk, 2006).

The three experimental sessions all followed the same pro-
cedure (Figure 1B). Participants started with a practice session
of the visual search task of 24 trials, in which none of the trials
were reinforced. They had to perform >85% correct to start with
the fear-conditioning acquisition phase. Next, participants filled
out the English or Dutch version of the Positive and Negative
Affect Scale (PANAS) questionnaire (Watson et al., 1988; Peeters
et al., 1996). The PANAS scale consists of 20 items stating a posi-
tive (10 items) or negative (10 items) adjective, such as ‘inter-
ested’ or ‘afraid’ and measures the degree of positive and
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negative affect using a Likert scale from 1 (not at all) to 5
(extremely). Subsequently, participants received 1 Hz rTMS
stimulation of 20 min (1200 pulses). Order of left and right PPC
rTMS and sham (left or right PPC) stimulation was counterbal-
anced across the three experimental sessions and participants.
After the rTMS stimulation, participants filled out the PANAS
again. Subsequently, they performed the visual search task. The
time between the end of the rTMS and the start of the visual
search task was about 5 min for every session. After the visual
search task ratings of fear of the CSþ and CS� and ratings of
the intensity, unpleasantness and expectancy of the US were
obtained using Likert scales (1¼ ‘not at all’ to 9¼ ‘extremely’) at
the end of the experiment.

Visual search task

Participants were instructed to keep their eyes fixated at the
fixation dot presented at the center of the screen throughout
the experiment and not to make any eye movements. They
were asked to respond as fast and accurately as possible to the
orientation of the line element in the unique shape (diamond)
with their left (vertical line element) or right index finger (hori-
zontal line-element). In addition, they were instructed that
upon presentation of the CSþ, the loud noise (US) would some-
times follow. [In each block one to four additional CSþ color
singleton distractor trials were reinforced to avoid extinction
(Mackintosh, 1983). These latter trials were excluded from

analyses.] After each block, the participants received feedback
about their performance.

Fear conditioning

During the fear-conditioning phase, participants viewed the
color singleton distractors one-by-one at fixation and they were
instructed that one of the two colors (conditioned stimulus:
CSþ) would sometimes be followed by the loud noise (uncondi-
tioned stimulus: US), whereas the other color (CS�) was not.
The US consisted of a loud burst (95 dBa) of 200 ms white noise.
In total 10 trials were presented; on half of the trials the red
color singleton was presented and on the other half the green
color singleton was presented. Half of the participants were pre-
sented with a red CSþ and a green CS� and the other half with
the reverse contingencies. Three out of five of the CSþ trials
were followed by the US (partial reinforcement schedule), which
was presented immediately after CSþ offset (Mackintosh,
1983). Colors were consistent among sessions. At the end of the
acquisition phase, participants had to correctly report which
color was linked to the US in order to continue the experiment.

TMS protocol

TMS was delivered with a biphasic pulse configuration using a
MagVenture C-B60 Butterfly coil connected to a MagPro-X100
stimulator (MagVenture). The site of stimulation corresponded
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Fig. 1. (A) From bottom to top, a sequence of events in a trial with, on the left panel, the distractor absent condition, in the middle and on the right, a CSþ and a CS� dis-

tractor condition (the colors were counterbalanced between subjects). Participants were asked to respond as fast and accurately as possible to the orientation of the

line element in the unique shape (diamond) with their left (vertical line element) or right index finger (horizontal line-element). (B) Timeline of the experiment. The

study consisted of three experimental sessions on three different days. Each session began with a practice block of the visual search task in which participants had to

perform at 85% correct in order to continue the experiment. During the practice session, none of the distractors was reinforced. Following practice, the fear condition-

ing acquisition phase was applied. Colors were counterbalanced between participants and consistent for each participant among sessions. After fear conditioning, par-

ticipants were asked to fill out the PANAS questionnaire. Subsequently, participants received 20 min of 1 Hz stimulation either to the left or right PPC or sham

stimulation (to right or left PPC). After stimulation, they filled out the PANAS questionnaire again and subsequently, the visual search task was carried out. The experi-

ment ended with subjective rating questionnaire.
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to points P3 (left parietal) and P4 (right parietal) of the 10–20
electroencephalography coordinate system. This method has
been used before in TMS research stimulating PPC (Hilgetag
et al., 2001; Hodsoll et al., 2009) and it has been shown that P3
and P4 correspond to regions of the left and right intraparietal
sulcus, which is part of the PPC (Herwig et al., 2003). The left
(M¼ 44.14, SD¼ 7.21) and right (M¼ 42.96, SD¼ 8.0) MT hemi-
sphere were used as the reference for stimulation intensity over
the left and right PPC rTMS, respectively (Schutter and van
Honk, 2006). Stimulation intensity was set at 90% MT of each
participant (Hodsoll et al., 2009). Participants received a 20-min
1-Hz train of pulses. In the sham condition, half of the partici-
pants received P3 (left hemisphere) sham stimulation, the other
half of the participants received P4 (right hemisphere) stimula-
tion with the coil position tilted 90� to the head.

Data analyses

For reaction time and error analyses, we performed a repeated
measures ANOVA on mean reaction times and mean percent-
age errors, respectively. Given the presence of a significant
interaction, the omnibus ANOVA on reaction time was followed
up via difference scores that directly assess the magnitude of
the interference effect for the threatening (CSþ) and non-
threatening (CS�) distractors (Hodsoll et al., 2009). We employed
difference scores for two reasons: (1) because normalizing the
reaction time during conditions of interest (CSþ and CS�) to
the distractor absent condition within each rTMS condition con-
trols for potential confounding effects of rTMS, such as a gen-
eral slowing of reaction times and (2) because assessing the
impact of emotion on the interference effect was the main a pri-
ori focus of our analysis and allows comparison with prior
research using this approach (e.g.de Fockert et al., 2004; Lavie
and de Fockert, 2006; Hodsoll et al., 2009). Difference scores were
computed by subtracting mean RT in the baseline condition (CS
absent) from each condition with distractors (CSþ, CS�) sepa-
rately. Specifically, to assess the significant main effect of dis-
tractor, we used one-sample t-tests identifying whether
interference effects were significantly larger than 0. To assess
the interaction between rTMS condition and distractor, we used
paired-samples t-tests to identify whether the threatening dis-
tractor had a larger impact on the interference effect than the
non-threatening distractor. When appropriate, we also com-
pared mean reaction times to further characterize the direction
of the interference effect. Additional control analyses on mean
reaction times are reported in Supplementary Analyses S1,
and analyses of individual differences are reported in
Supplementary Analyses S2. Trials in which no response was
detected or in which reaction times were <150 ms (<1%) or
>1500 ms (<1%) and error trials were excluded from reaction
time analyses. To analyze the ratings of the subjective value of
fear conditioning and the PANAS, non-parametric Friedman
tests were employed, which were followed up by Wilcoxon
signed-rank tests.

Results

Overall TMS was well tolerated and no serious adverse events
occurred. Two participants reported mild nausea upon which
we decided to stop the experiment. In addition, two participants
did not receive stimulation for the full 20 min due to heating of
the coil and they were excluded from the study, yielding a data
set of 22 participants (7 males) in the final analysis.

Manipulation check: fear-conditioning

All participants successfully reported which color singleton (red
or green) was linked with the US after the acquisition phase,
indicating that participants learned the CS–US contingencies.
Furthermore, collapsed across rTMS conditions, participants
reported higher levels of fear of the CSþ (M¼ 4.1, SD¼ 1.5) than
of the CS� (M¼ 1.4, SD¼ 0.6; Wilcoxon signed-rank test, Z¼ 4.11,
N-ties¼ 0, P< 0.01), and mean US expectancy ratings for the
CSþ (M¼ 5.3, SD¼ 1.3) was higher than for the CS� (M¼ 1.2,
SD¼ 0.4; Wilcoxon signed-rank test, Z¼ 4.11, N-ties¼ 0, P< 0.01).
Together with recent reports showing that US expectancy rat-
ings are a valid proxy for fear conditioning (Boddez et al., 2013),
these results indicate that we were able to successfully estab-
lish fear conditioning in all subjects.

There were no differences in the perception of different
qualities of the CSþ and the US (loud noise) across the rTMS
conditions. Specifically, neither CSþ fear ratings (v2(2,
N¼ 22)¼ 3.7, P ¼ 0.83) nor US expectancy ratings (v2(2,
N¼ 22)¼ 4.17, P¼ 0.12) differed between rTMS conditions.
Moreover, mean ratings of self-reported fear, intensity and
unpleasantness of the US showed no significant differences
between rTMS conditions (left, right and sham) in US ratings of
fear (v2(2, N ¼ 22)¼ 0.86, P ¼ 0.65), intensity (v2(2, N ¼ 22)¼ 1.07,
P ¼ 0.59) and unpleasantness (v2(2, N¼ 22)¼ 0.09, P ¼ 0.96).
Taken together, these results suggest that our fear conditioning
procedure was successful and did not differ between rTMS
conditions.

Reaction time

A repeated-measures omnibus ANOVA on mean reaction times
(Table 1) with the factors rTMS (sham, left, right) and distractor
(CSþ, CS�, absent) showed a significant interaction between
rTMS condition and distractor (F(4, 84)¼ 2.53, P< 0.05, g2

p¼ 0.11)
and a main effect of distractor (F(2, 42)¼ 34.1, P< 0.01,
g2

p¼ 0.62). There was no main effect of rTMS (F< 1), indicating
that rTMS did not have a general effect on reaction times com-
pared with sham. However, to ensure that rTMS indeed did not
have any general slowing effects, we tested the distractor
absent condition across rTMS conditions (sham, left, right) in a
one-way ANOVA (Figure 3, right panel). The results showed no
significant differences across the rTMS conditions in the CS
absent condition: F(2, 42)¼ 1.039, P¼ 0.36, g2

p¼ 0.047, all pair-
wise comparisons P� 0.155. Table 1 shows the mean RTs for the
rTMS (sham, left and right) and distractor conditions (CSþ, CS�,
absent) and the percentage of errors in each condition. Given
our a priori hypothesis, in the next analysis steps we focus on
the interference effect. For follow-up ANOVAs on the mean RT,
see Supplementary Analyses S1.

Table 1. Mean reaction times (and standard error of the mean) and
percentage errors for the TMS (Sham, Left and Right) and distractor
(absent, CSþ, CS�) conditions

TMS Distractor

Absent CSþ CS�

Sham 582 ms (9) 595 ms (9) 597 ms (10)
3% (0.4) 4% (0.5) 3.4% (0.6)

Left 581 ms (8) 607 ms (8) 607 ms (9)
3.1% (0.9) 4.4% (1) 4.1% (0.9)

Right 590 ms (11) 613 ms (13) 607 ms (13)
3.9% (0.5) 4.7% (1) 3.2% (0.7)
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General interference effect observed in all conditions
(main effect of distractor)

Follow-up analyses of the main effect and two-way interaction
of the omnibus ANOVA focused on the interference effect by the
distractor (Figure 2), operationalized as the RT difference
between presence and absence of the distractor (de Fockert
et al., 2004; Lavie and de Fockert, 2006; Hodsoll et al., 2009). In
order to characterize the interference effect of the distractors,
we performed separate one-sample t-tests for the difference
scores in each rTMS condition. The results showed an interfer-
ence effect in each of the rTMS conditions for both the emotional
and non-emotional distractor: sham rTMS CSþ (t(21)¼ 4.11,
P< 0.01, d¼ 1.8), CS� (t(21)¼ 3.98, P< 0.01, d¼ 1.7), left PPC rTMS
CSþ (t(21)¼ 6.50, P< 0.01, d¼ 2.8), CS� (t(21)¼ 4.91, P< 0.01,
d¼ 2.1), right PPC rTMS CSþ (t(21)¼ 5.32, P< 0.01, d¼ 2.7),
CS� (t(21)¼ 4.00, P< 0.01, d¼ 1.7). In all these cases, the observed
effects were due to increased reaction times when the distrac-
tors (CSþ and CS�) were presented relative to absent (all P’s
survive FDR correction at a level of P< 0.000671).

General interference effect observed in all conditions
(main effect of distractor)

Follow-up analyses of the main effect and two-way interaction
focused on the interference effect by the distractor (Figure 2),
operationalized as the RT difference between presence and
absence of the distractor (Hodsoll et al., 2009). In order to charac-
terize the interference main effect of the distractors, we per-
formed separate one-sample t-tests for the difference scores in
each rTMS condition. The results showed an interference effect
in each of the rTMS conditions for both the emotional and
non-emotional distractor: sham rTMS CSþ (t(21)¼ 4.11, P< 0.01,
d¼ 1.8), CS� (t(21)¼ 3.98, P< 0.01, d¼ 1.7), left PPC rTMS CSþ
(t(21)¼ 6.50, P< 0.01, d¼ 2.8), CS� (t(21)¼ 4.91, P< 0.01, d¼ 2.1),
right PPC rTMS CSþ (t(21)¼ 5.32, P< 0.01, d¼ 2.7),

CS� (t(21)¼ 4.00, P< 0.01, d¼ 1.7). In all these cases, the observed
effects were due to increased reaction times when the distrac-
tors (CSþ and CS�) were presented relative to absent (all P’s
survive FDR correction at a level of P< 0.000671).

Emotional interference effect specific for right PPC
(interaction effect)

In order to identify the emotional interference effect indicated by
the significant interaction between distractor and rTMS, we
tested whether the presence of the threatening distractor led to
a difference in the interference effect reported above relative to
the non-threatening distractor. This would be reflected by a sig-
nificantly larger interference effect for the CSþ compared with
that for the CS�. Indeed, this comparison showed a significant
difference between the CSþ distractor and the CS�distractor
condition following right PPC rTMS (t(21)¼ 2.14, P< 0.05,
d¼ 0.45), due to a larger interference effect of the CSþ distractor
than the CS� distractor. There were no differences between the
interference effect of the CSþ and the CS� distractor in the
sham or in the left PPC rTMS conditions (both t< 1), demonstrat-
ing that the effect of threat on the interference effect was spe-
cific for right PPC stimulation. These analyses are supported by
results from one-sample repeated measures ANOVAs showing
that differences in mean RT between the CSþ and the CS� dis-
tractor is significant only for the right rTMS conditions but not
left and sham rTMS (see Supplementary Analyses S1 for follow-
up ANOVAs on the mean RTs).

Increase of RT due to CS1 distractor after right PPC
stimulation

The above analyses show that the right PPC and not the left PPC
is specifically involved in attentional processing of task irrele-
vant emotional distracters. However, the difference in the inter-
ference effect could be due to faster reaction times (reduced
attentional capture) during the CS� trials, or due to slower reac-
tion times (delayed disengagement) during the CSþ trials. To
examine this possibility, we performed additional t-tests on the
mean reaction time in the right PPC rTMS condition relative to
the sham condition for the CSþ distractor and the CS� distrac-
tor separately. We found significantly slower RTs following right
PPC stimulation compared with sham stimulation for the CSþ
(t(21)¼ 2.08, P¼ 0.05, d¼ 0.44), but not for the CS� (t(21)¼ 1.18,
P ¼ 0.25, d¼ 0.25) distractor. Finally, no differences following left
PPC rTMS stimulation compared with sham stimulation for the
CSþ (t(21)¼ 1.21, P¼ 0.24, d¼ 0.26) nor the CS� (t(21)¼ .94,
P¼ 0.36, d¼ 0.2) distractor were observed (Figure 3).

These results show that right PPC rTMS significantly slows
down reaction time when a CSþ distractor is presented and
does not speed up reaction time when a CS� distractor is
presented.

TMS and visual field

To assess whether distractor presentation in the ipsilateral or
contralateral visual field relative to the site of TMS stimulation
affected reaction times, we performed a repeated-measures
ANOVA with the factors distractor position (left, right), rTMS
condition (sham, left, right) and distractor (CSþ, CS�). Results
showed a main effect of distractor position (F(1, 21)¼ 11.32,
P< 0.01, g2

p¼ 0.35), indicating that subjects were faster when
the distractor was presented in the left (597 ms, SE¼ 9.4 ms)
compared with when presented in the right visual field (610 ms,
SE¼ 8.3 ms). However, no interactions between distractor
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position and rTMS were observed, indicating that rTMS stimula-
tion did not differentially influence performance based on ipsi-
and contralateral stimulation with respect to distractor position
(F< 1); rTMS�CS�position (F< 1). There were also no other sig-
nificant main effects.

Similarly, to assess whether target presentation in the ipsilat-
eral or contralateral visual field relative to the site of rTMS stimu-
lation affected reaction times, a repeated-measures ANOVA with
the factors target position (left, right), rTMS condition (sham, left,
right) and distractor (CSþ, CS�) was performed. A main effect of
target position was observed (F(1, 21)¼ 36.11, P< 0.01, g2

p¼ 0.63),
indicating that subjects were faster when the target was pre-
sented in the right (590 ms, SE¼ 9.4 ms) compared with the left
visual field (613 ms, SE¼ 8.4 ms). There were no main effects of
rTMS or distractor (both F< 1). Importantly, no interactions
between target position and rTMS were observed, indicating that
rTMS stimulation did not differentially influence performance
based on ipsi- or contralateral stimulation with respect to target
position (rTMS�position (F< 1); rTMS�CS �position: F(2,
42)¼ 2.25, P¼ 0.12, g2

p¼ 0.097). However, a significant interaction
between rTMS and distractor was observed (F(2, 42)¼ 4.28,
P<0.05, g2

p¼ 0.17). This shows that the same two-way interaction
obtained in our main analysis above persists in the presence of
additional control variables for the location of target. Follow-up
tests showed increased RT after right PPC relative to sham stimu-
lation for the CSþ distractor (t(21)¼ 2.25, P< 0.05), but not for the
CS- distractor (all other comparisons were not significant with all
t’s< 1.75). These results therefore confirm the consistency of our
main results reported above.

Error rates

A repeated-measures ANOVA with the factors rTMS condition
(sham, left, right) and distractor (CSþ, CS�, absent) indicated a
statistically non-significant trend toward a main effect of dis-
tractor (F(2, 42)¼ 2.63, P¼ 0.08, g2

p¼ 0.11), due to slightly more
errors when the CSþ distractor (M¼ 4.35, SE¼ 0.61) was pre-
sented relative to no distractor (M¼ 3.18, SE¼ 0.51; P< .05).
There was no difference between errors when the CSþ distrac-
tor (M¼ 4.35, SE¼ 0.61) was presented relative to the CS� dis-
tractor (M¼ 3.59, SE¼ 0.53; P¼ 0.19), nor between the CS�
distractor and no distractor (P ¼ 0.52). No main effect of rTMS on
error rates and no interactions were observed (both F’s< 1).

PANAS and STAI-T

To check whether rTMS stimulation induced mood changes, we
first calculated the difference scores in affect before and after

each rTMS session separately for positive and negative effect. A
Friedman tests for positive and negative affect between rTMS
conditions (sham, left and right rTMS) did not show a significant
difference in mood change (positive: v2(2, N ¼ 22)¼ 1.68, P ¼ 0.43;
negative: v2(2, N¼ 22)¼ 0.22, P ¼ 0.90). Together, these results
indicate that the participant’s emotional state was not influ-
enced by rTMS. Furthermore, trait anxiety was overall low and
limited in range (M¼ 32.1, SD¼ 8.8) and did not correlate with
any of the findings (all rs < 0.34, all P’s> 0.13).

Discussion

The aim of this study was to examine if and how the right PPC
is involved in emotional spatial attention. The contribution of
our findings to the literature is 2-fold. First, we demonstrate
that the right PPC plays a significant role in emotional spatial
attention. This is consistent with previous neuroimaging stud-
ies showing a modulation of PPC activity by emotional stimuli
in spatial attention tasks (Armony and Dolan, 2002; Keil et al.,
2004; Pourtois et al., 2005, 2006; Mohanty et al., 2008, 2009;
Engelmann et al., 2009; Peck et al., 2009). Second, we show that
its role in emotional attention is specific for top-down atten-
tional control of emotional stimuli. In contrast to left and sham
rTMS, inhibitory rTMS to the right PPC increased the interfer-
ence effect of a threatening relative to a non-threatening dis-
tractor. This larger interference effect was due to an increase in
mean reaction time in the presence of the threatening distrac-
tor, reflecting delayed disengagement relative to the non-
threatening distractor. Moreover, the difference was not due to
a decrease in reaction time in the presence of a non-threatening
distractor, which would have reflected less attentional capture
of the non-threatening distractor relative to the threatening
distractor.

Note that inhibitory rTMS to the right PPC did not induce a
general slowing effect of reaction times, which would have
been evidenced by a main effect of rTMS. In addition, when the
distractor was absent, there were no differences in reaction
time between the three rTMS conditions. Since the response
selection in this task is the same for distractor absent and dis-
tractor present conditions (e.g. Mortier et al., 2005; Theeuwes,
2010), differences in reaction time between the conditions are
due to the presence of the distractor. Accordingly, our results
support the specific involvement of the right PPC in attentional
control of a task-irrelevant emotionally salient stimulus (see also
Pourtois et al., 2006).

Increased reaction times of responses to emotional stimuli
relative to neutral stimuli have been observed previously after
inhibitory rTMS to right dorsolateral prefrontal cortex (dlPFC)
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Fig. 3. Mean reaction time for the CSþ (on the left), the CS� (in the middle) distracters and the distractor absent (on the right) for the sham, left PPC and right PPC rTMS

stimulation. Error bars represent normalized standard errors (Loftus and Masson, 1994).
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(Zwanzger et al., 2014), suggesting that disruption of the right
dlPFC also interferes with attentional processing of emotional
stimuli. Similarly, de Raedt et al. (2010) showed delayed disen-
gagement of threatening faces in an exogenous cueing task
when right dlPFC was disrupted with high frequency rTMS (HF–
rTMS). In this study, fMRI results showed that HF–rTMS to right
dlPFC decreased activity in that area. More importantly, delayed
disengagement of emotional stimuli was associated with
decreased activity in right dlPFC, which was interpreted by the
authors as suggesting a specific role of the right dlPFC in atten-
tional control of emotional information (see also d’Alfonso et al.,
2000; Leyman et al., 2009). Our findings, showing specific
involvement of right PPC in emotional attention, extend these
previous findings and suggest that interactions between parie-
tal and frontal regions underlie to the control of emotional
attention (Corbetta and Shulman, 2002; Fox et al., 2005; Petersen
and Posner, 2012).

Furthermore, our results suggest that bottom-up attentional
capture by emotional stimuli does not rely on the right PPC.
Instead, we show an interference effect of the distractors across
all rTMS conditions, which indicate that the distractors cap-
tured attention irrespective of emotional value and rTMS ses-
sion. These results are inconsistent with a previous study
showing a reduction of attentional capture by salient (non-emo-
tional) distractors following inhibitory rTMS to the right PPC
(Hodsoll et al., 2009). As opposed to Hodsoll et al. (2009) we may
have observed attentional capture across all conditions in our
experiment due to the enhanced behavioral relevance of both
distractor stimuli as they signaled either the presence of threat
(CSþ), or safety (CS�). Attentional capture by behaviorally rele-
vant stimuli might be mediated more by the ventral attention
network. For example, it has been suggested that the right tem-
poral parietal junction (TPJ), which is part of the ventral network
and acts as a so-called ‘circuit breaker’ is especially activated by
behaviorally relevant salient stimuli (Corbetta and Shulman,
2002; Fox et al., 2005, 2006; Vossel et al., 2014). Therefore,
inhibiting right PPC might not influence processing of right TPJ
responsible for orienting toward behaviorally relevant
stimuli. Importantly, our findings show an emotional valence-
dependent effect of rTMS on attentional top-down control, such
that rTMS applied to right PPC disrupted disengagement only
for the threatening distractor.

Finally, our observation of a right lateralized effect is consis-
tent with previous notions of a right hemispheric dominance
for visual spatial attention (Rafal, 1994; Schutter et al., 2001;
Vuilleumier and Schwartz, 2001; Corbetta and Shulman, 2002;
Muri et al., 2002; de Raedt et al., 2010; Zwanzger et al., 2014) and
in line with previous neuroimaging research on spatial atten-
tion with non-emotional stimuli (Rushworth et al., 2001;
Chambers et al., 2004; Rushworth and Taylor, 2006; Capotosto
et al., 2012; see for improved ipsilateral orienting Hilgetag et al.,
2001; Heinen et al., 2011). Note, that the lateralized effect is not
likely to be explained by higher stimulation output for the right
hemisphere as the mean MT was lower for the right than the
left hemisphere. Even though the 10–20 EEG coordinate system
shows a reasonable correspondence with the underlying corti-
cal areas, we cannot rule out the possibility that P3 and P4 stim-
ulation might have targeted adjacent regions (Herwig et al.,
2003; Sack et al., 2009).

A limitation of our study is that we did not observe the
expected increased interference effect for the threatening rela-
tive to the non-threatening distractor in the sham and left PPC
rTMS conditions, which was previously shown in a behavioral
study by Schmidt et al. (2015). However, analyses of individual

differences show clearly that the enhancement of the emotional
interference effect after right PPC rTMS occurs generally for our
sample of participants and is not driven by a small subset of
subjects showing relatively extreme results, or very different
behavioral patterns during the sham compared to the TMS con-
ditions (see Supplementary Analyses S2). Therefore, the modu-
lation of the interference effect following inhibitory right PPC
stimulation reveals that the threatening distractor was proc-
essed as such: Attention lingered longer on the CSþ distractor
than on the CS� distractor. Consequently, our results suggest
that once attention is captured, the right PPC mediates the dis-
engagement from an emotional salient stimulus in order to
reorient to a task relevant stimulus (Chambers et al., 2004).

To conclude, results of combining rTMS with a well-
controlled fear conditioned distractors in a visual search task
showed that inhibitory rTMS to the right PPC increased reaction
times in the presence of a threatening distractor relative to a
non-threatening distractor. This finding offers evidence for the
role of the right PPC in attentional control of disengagement
from task irrelevant emotional stimuli.
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