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Abstract

It is well known that the planum temporale (PT) area in the posterior temporal lobe carries out spectro-temporal analysis of
auditory stimuli, which is crucial for speech, for example. There are suggestions that the PT is also involved in auditory
attention, specifically in the discrimination and selection of stimuli from the left and right ear. However, direct evidence is
missing so far. To examine the role of the PT in auditory attention we asked fourteen participants to complete the Bergen
Dichotic Listening Test. In this test two different consonant-vowel syllables (e.g., “ba” and “da”) are presented
simultaneously, one to each ear, and participants are asked to verbally report the syllable they heard best or most clearly.
Thus attentional selection of a syllable is stimulus-driven. Each participant completed the test three times: after their left and
right PT (located with anatomical brain scans) had been stimulated with repetitive transcranial magnetic stimulation (rTMS),
which transiently interferes with normal brain functioning in the stimulated sites, and after sham stimulation, where
participants were led to believe they had been stimulated but no rTMS was applied (control). After sham stimulation the
typical right ear advantage emerged, that is, participants reported relatively more right than left ear syllables, reflecting a
left-hemispheric dominance for language. rTMS over the right but not left PT significantly reduced the right ear advantage.
This was the result of participants reporting more left and fewer right ear syllables after right PT stimulation, suggesting
there was a leftward shift in stimulus selection. Taken together, our findings point to a new function of the PT in addition to
auditory perception: particularly the right PT is involved in stimulus selection and (stimulus-driven), auditory attention.
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Introduction

The planum temporale (PT) is located in the superior temporal
gyrus just posterior to the primary auditory cortex (Heschl’s gyrus).
There is large consensus that the PT serves as a “computational
hub” for complex sounds [1] and is a part of a language network
that segregates and matches fine-grained spectro-temporal repre-
sentations [2,3], allowing the discrimination of auditory stimuli
such as phonemes [4,5,6]. There are findings suggesting that
beyond auditory perception the PT is additionally involved in or
modulated by attentional processes [7,8]. However, these findings
are inconsistent and based on correlational approaches. The
present study provided a direct test of the role of the PT by
applying repetitive transcranial magnetic stimulation (rTMS) to
this area, a technique that induces weak electrical currents from
outside the skull via rapidly changing magnetic fields and
temporarily interferes with the neuronal functioning of the
stimulated area (for review [9]).

Dichotic listening, which today is mostly used for assessing
language lateralization, was actually originally developed to study
auditory attention [10,11]. In the most commonly used version of
the dichotic listening paradigm two different consonant vowel-
syllables (e.g., da—ba) are presented simultaneously, that is, one to
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cach ear [12]. When asked which syllable participants heard best
or most clearly, they typically report the right ear stimulus [13],
the so-called right ear advantage, which is commonly interpreted
to indicate left hemispheric specialization for language processing
(see [14]; for review [15]). There is ample, converging evidence
that dichotic listening taps into PT functioning. For instance,
complete callosotomy or lesions of the posterior portion of the
corpus callosum almost completely abolishes reports of the stimuli
presented to the left ear [16,17,18]. In a Diftusion Tensor Imaging
fiber tracking study Westerhausen, Griiner, Specht and Hugdahl
[19] accordingly found a positive correlation between the number
of left ear reports and the thickness in the commissural tract that
connects the PT areas of both hemispheres. Moreover, activations
in the PT during dichotic listening is a very robust finding that has
been replicated in many neuroimaging studies (e.g., [7,20,21,22]).
Furthermore, Pollmann et al. [16,23,24]) suggested that the PT
plays a crucial role in stimulus selection during dichotic listening.
Which of the two stimuli is reported depends on bottom-up and
top-down attentional factors. For example, salience differences in
the consonants’ voice onset time (= bottom-up processing) as well
as which ear is (more) attended to (= top-down processing) affect
stimulus selection [25,26]. Indeed, some dichotic listening studies
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found activations in the PT related to attentional processes
[7,27,28,29]. Similar attention-related activations were reported
by other studies that did not use dichotic listening suggesting the
activations are not dichotic listening specific (e.g., [30,31]). As
pointed out by Griffiths and Warren [1] and Hashimoto et al.
[27], however, there are also reports that failed to show an
involvement of the PT in attentional processes [32,33,34,35]. All
these studies used either functional magnetic resonance imaging
[27,28,30,31,32], magnetoencephalography [29], or positron
emission tomography [7,33,34,35]. One might speculate that
because the main function of the PT is spectro-temporal analysis,
additional processes like stimulus selection are difficult to detect
with neuroimaging, because both result in PT activations.

Clinical studies also failed to provide a clear answer as to
whether the PT is involved in attention or stimulus selection.
Karnath, Ferber and Himmelbach [36] argued that neglect arises
from lesions of the superior temporal gyrus, but these findings have
been disputed and the majority of researchers seem to agree on the
inferior parietal lobule and temporo-parietal junction as epicenters
of multimodal attentional processing (for a recent review [37]). In
dichotic listening, the effects of unilateral lesions or epileptic foci
seem to be relatively mild, although they become statistically
significant on group level. For example, patients with unilateral left
temporal lobectomy including Heschl’s gyrus reported fewer left
and right ear stimuli than controls, but the deficit was rather subtle
implying that even with a lesioned primary auditory cortex stimuli
from both ears can be processed [17]. The study did not, however,
specify to what extent areas beyond Heschl’s gyrus were affected,
which illustrates a general problem with clinical findings — apart
from inconsistent findings (e.g., [38,39,40]): lesions or epileptic foci
are seldom confined to the PT making it difficult to determine the
specific function of this area.

Taken together, a number of empirical findings suggest that
beyond auditory perception the PT may play an active part in
auditory attention. Particularly in dichotic listening, the PT is said
to be crucial for stimulus selection [23]. Clinical and neuroimaging
studies do not provide unequivocal evidence for or against this
hypothesis. We therefore used anatomically guided rTMS in the
present study to further elucidate the exact role of the PT in
auditory attention in general, and in particular, in the dichotic
listening situation. r'I'MS is relatively focal with a spatial resolution
down to a few millimeters [41], and therefore allows direct
examination of the specific role of the PT. Moreover, in contrast to
neuroimaging which can only reveal which brain areas are
correlated with dichotic listening, rTMS enabled us to investigate
whether the left and right PT are, indeed, required for the right ear
advantage. There are two types of dichotic listening paradigms: in
the ‘forced attention’ paradigm participants are specifically
mstructed to report the left or right ear stimulus (top-down
processing), while in the ‘nonforced’ paradigm participants report
the stimulus they heard best or most clearly. Since ‘forced
attention’ paradigms often lead to activations in the prefrontal and
anterior cingulate cortex rather than in the PT [42,43], we opted
for a stimulus-driven, ‘nonforced’ paradigm here. In general,
phonological processing in the PT is largely bilateral, though
activations in the left PT are more pronounced during speech
perception (e.g., [22]; for review [1]). There are hints that the
attentional processes in the PT might be lateralized to the right
hemisphere [23]. Our rationale was thus as follows: if stimulation
of the PT (particularly of the left PT) interferes with phonological
processing, then the general ability to report stimuli should be
impaired (i.e., the number of reported syllables is generally reduced).
If, however, the PT (particularly the right PT) is critical for
(stimulus-driven) auditory attention, then rI'MS over this region
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should lead to a shift in the proportion of left relative to right ear
reports, while the total number of reported syllables should remain
stable.

Methods

Ethical statement

Participants gave written informed consent in accordance with
the Declaration of Helsinki. Approval of study was granted by the
Regional Committees for Medical and Health Research Ethics
(REK vest). Participants were recruited via advertisement and
financially compensated for their participation.

Participants

We tested 18 right-handed participants (9 women, 9 men). The
mean age for women was 23.9 yrs (SD =2.9 yrs, range 20-29 yrs)
and for men 24.0 yrs (SD=4.0 yrs, range: 19-31 yrs). The
participants’ handedness was verified with the Edinburgh Hand-
edness Inventory [44], which provides the degree of hand
preference in percentage in a laterality quotient (LQ). Values
range from —100 to +100 with negative values indicating a left-
and positive values a right-hand preference. Women had a mean
LQ of 96.5 (SD=5.3, range 88.9-100), men a mean LQ) of 91.4
($D=9.3, range 77.8-100, (16)=1.43, p=.172). Thus, both
groups showed a strong right hand preference. Moreover, hearing
thresholds in all participants were determined for frequencies of
250, 500, 1000, 2000, and 3000 Hz in both ears. In none of the
participants mean hearing thresholds deviated more than 16dB
from normed values and none had an interaural acuity difference
greater than 12 dB. Participants were checked for TMS exclusion
criteria [45,46].

Dichotic Listening

The Bergen Dichotic Listening Test comprises six consonant-
vowel syllables (ba, da, ga, pa, ta, ka), which are presented
dichotically via supra-aural headphones [13,26]. The syllable of
each stimulus pair (36 in total) are temporally aligned to ensure
simultaneous onset of the left- and right-ear stimulus. Stimulus
duration ranges between 350 and 450 ms depending on voice
onset time differences between the different consonants. The 36
pairs were presented in a pseudorandomized order with an inter-
stimulus interval of 4000 ms and participants were instructed to
orally report the syllable they heard best or most clearly. The
response was recorded by the experimenter with a scoring sheet.
Three dependent variables were determined: (1) the accuracy rate
(i.e., the percentage of correctly identified syllables) in the left (N)
and right ear (NR) disregarding the six homonymic pairs (e.g., ba—
ba) which served as control stimuli; (2) the overall accuracy as a
measure for the general phonological processing ability, calculated
as: Ng + Np; (3) the LQ as a measure for ear asymmetry,
calculated as: (Ng—Np)/(Ng+Np)*¥100. This formula controls for
overall performance (cf. [47]) and, like in the Edinburgh
Handedness Inventory above, produces values between +100
and -100, whereby positive values indicate a right ear/left-
hemispheric advantage for language and negative values a left ear/
right-hemispheric advantage.

Magnetic Resonance Imaging

Prior to ¥TMS each participant underwent magnetic resonance
imaging (MRI) to locate the left and right PT. MRI was performed
on a 3T GE Signa platform and for all participants the imaging
protocol consisted of a scout sequence followed by a structural,
T1-weighted acquisition. The T1-weighted images were acquired
with a Fast Spoiled Gradient sequence (repetition time,
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TR =8.0 ms; echo time, TE=3.2 ms, flip angle=11 degrees)
measuring 180 consecutive sagittal slices with field of view of
256 mm x256 mm and a 256%256 scan matrix, and a slice
thickness of 1 mm. Thus, the image resolution (voxel size) was
I mmx1l mmx1 mm.

Magnetic stimulation

Each individual’s T1-weighted brain scan and head were co-
registered using frameless stereotaxy (eXimia NBS, NexStim
Company, Helsinki, Finland). An example for the exact location of
the stimulation sites can be seen in Figure 1.

To ensure that the clicking noise of the TMS coil does not
interfere with the perception of the dichotic listening syllables an
offline r*TMS protocol was employed. Participants were told to
close their eyes and relax while they were stimulated for 10
minutes at a frequency of 1 Hz (=600 pulses). This stimulation
protocol affects the stimulated area for approximately 5 min affer
stimulation [9,48]. As soon as the stimulation stopped, participants
were given headphones and started the Bergen Dichotic Listening
test.

Fourteen participants were stimulated with a MagPro X100
(Medtronic, Minneapolis, USA), while four participants were
stimulated with a MagPro X100 (MagVenture, Farum, Denmark).
The latter is an upgrade of the identical model and served as a
temporary replacement due to maintenance works on the
Medtronic stimulator. The electromagnetic output data indicated
that the stimulation parameters of both stimulators were identical.
Offline rTMS and sham stimulation were performed using an
MCTF-B65 figure-of-eight coil with 75 mm outer diameter and a
MCF-P-B65 placebo coil, respectively (both MagVenture). The
coils are identical in outer appearance and sound level, but the
placebo coil has a built-in magnetic shield that reduces field
strength by ca. 80%.

The stimulator output intensity was determined based on the
individual motor threshold (MT) following the “best Parameter
Estimation by Sequential Testing” protocol [49]. The MT is
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defined as the stimulator intensity that leads to motor evoked
potentials (>50 uV) in half of the stimulations [45,50]. The muscle
activity of the abductor pollicis brevis was monitored with an
EMG device (ME6000, Mega Electronics, Kuopio, Finland) while
the corresponding motor cortex was stimulated. The stimulation
intensity for the left and right PT was set at 110% of the MT of the
contralateral hand with a predefined minimum of 45% and a
maximum of 60% stimulator output. For instance, if the left hand
had a MT=46% and the right hand MT =50% stimulator
output, the right PT was stimulated with 51% (110% of 46) and
the left PT with 55% (110% of 50) stimulator output. In four
participants the hand area could not be located. Therefore,
intensity was set either to 60% stimulator output or to the
stimulator output of the contralateral hand. In two participants
stimulator output was reduced from 60% to 55% to diminish facial
twitches. The intensity during sham stimulation was identical to
the stimulus output of real rTMS at the same site to have an
identical sound level of the placebo coil (i.e., if the left PT was
stimulated with 55% stimulator output, sham stimulation was also
performed with 55%). Mean intensity for the left and right PT was
55.2% (8D=4.2) and 57.4% (SD=3.3, (17) =2.42, p=.027)

stimulus output, respectively.

Procedure

After participants’ hearing thresholds were determined, they
underwent MRI to obtain anatomical scans. A few days later the
r'TMS session took place. After determining the MT, participants
completed the Bergen Dichotic Listening test three times (= three
blocks): after stimulation of the left and right PT, and after sham
stimulation (control). Between two blocks was a 30 minute “wash-
out” period to ensure that neurons went back to baseline. Block
order was counterbalanced across participants. In half of the
participants the placebo coil was positioned on the left, in the other
half on the right PT. We decided against two sham blocks for each
participant, because this would have made the rTMS session
longer than 3.5 h and we wanted to avoid fatigue effects.

Figure 1. Stimulus sites. Location of the stimulation sites left (A) and right (B) planum temporale.
doi:10.1371/journal.pone.0057316.g001
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Results

Throughout effect sizes for ANOVAs and post-hoc t-tests are
provided as the proportion of variance accounted for (partial n?)
or as Cohen’s d, respectively. To have sufficient test power for
detecting significant effects with the typically small TMS sample,
post hoc t-tests were conducted without a-error adjustment and an
o -level of p=.05.

First we examined whether there was a difference between
positioning the coil over the left and right PT during sham. Left
and right ear accuracy rates from the sham condition were
subjected to a 2x2x2 mixed ANOVA with Sex and Sham site
(left, right) as between- and Ear (left, right) as within-participants
effects. Only a main effect Ear emerged (F{1,14)=5.84, p<<.001,
n?=.29) with participants reporting more syllables from the right
ear (all other F=1.86, all other p=.194). In subsequent analyses
Sham site was therefore discarded. Moreover, examination of the
sham condition revealed that 4 of the 18 participants (i.e., 17%)
showed a left ear advantage. This is in alignment with a large
dichotic listening dataset of N =1800 (including both left- and
right-handers), in which the proportion of participants with a left
ear advantage is 22% [51]. These four participants are more likely
to show right-hemispheric language lateralization [52] and
differential lateralization effects of the left and right PT might be
masked when left- and right-lateralized participants are pooled.
Since a sample of n =4 is also too small to be treated as a separate
group, these participants were removed from subsequent analyses
leaving 14 participants (7 male, 7 female).

To study whether stimulation of the PT affected the general
ability to report stimuli, the overall performance was subjected to a
3x2 mixed ANOVA with Sex as between- and rTMS site (left,
right, sham) as within-participants factor. No significant effects
emerged (all F=1.0, all p=.516) and the overall performance in
the three conditions was virtually identical (left PT:
M=90.2=SE=1.7%, right PT: 91.4%2.0%, sham: 91.9%2.2%),
suggesting that r'ITMS over the PT did not interfere with the
general phonological processing ability.

To examine whether PT stimulation affected ear asymmetry
(i.e., the proportion of left and right ear reports) the 3x2 mixed
ANOVA was repeated with the LQ as dependent variable.
Unsurprisingly, the intercept became significant (F1,12)=53.43,
$p<.001, n?=.82) with an overall positive LQ (26.3%3.6)
indicating a right ear advantage. Moreover, a main effect of
rTMS site emerged (F2,24)=4.71, p=.019, n?=.28). Post hoc
comparisons showed that after rTMS over the right PT the right
ear advantage was significantly reduced compared with sham
((13)=2.83, p=.014, d=0.76) and left PT stimulation
((13)=1.87, p=.08, d=0.50), although the latter only showed a
trend (see Figure 2A). No significant difference was found between
left PT stimulation and sham ((13)=1.34, p=.192, 4=0.37) and
no further main effect or interaction reached significance (all
F=1.0, all p=.423).

The reduced right ear advantage after right PT stimulation may
have been the result of reduced left ear reports, increased right ear
reports or both, that is, a shift from right to left ear reports. To
further investigate this, we carried out an additional 3 X2 x2 mixed
ANOVA with Sex as between- and r'TMS site (left, right, sham) as
well as Ear (left, right) as within-participants factors with left and
right ear accuracy as dependent variables. The main effect Ear
(F1,24)=53.36, p<<.001, n?=.82) merely reflected the intercept
in the previous ANOVA with more reports from the right
(M=57.5£SFE=1.9%) than left ear (33.6=1.8%). The main effect
of TMS did not become significant (M2,24)<1.0, p=.589)
reflecting that the overall performance was similar in the three
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conditions (left PT: 45.1%£0.8%, right PT: 45.7%£1.0%, sham:
46.0£1.1%). In accordance with the LOQ ANOVA, the interaction
between Ear and rTMS site was significant (/2,24)=4.70,
$p=.019, n*=.28). The right car advantage was substantially
lower after right PT stimulation (left PT: Cohen’s d=2.07, right
PT: d=1.17, sham: d=1.76), although post hoc t-tests revealed a
significant right ear advantage in all three conditions (all
{(13)=4.38, all p=.001). Crucially, when comparing right PT
stimulation with sham, significantly fewer syllables were reported
from the right ear (right PT: 54.5%2.3%, sham: 61.0=2.6%,
#(13)=3.09, p=.009, d= 0.83) and significantly more syllables were
reported from the left ear (right PT: 36.9%£2.2%, sham:
31.0%£2.5%, #13)=2.53, p=.025, d=0.68). This indicates a shift
from right to left ear responses. The other comparisons failed to
reach significance, although there was a trend for more rght ear
reports after sham (61.0£2.6%) as compared with left PT
stimulation (57.1+1.7%, £(13)=2.00, p=.067, d=0.53) and a
trend for more lfi ear reports after right PT stimulation
(36.9%2.2%) as compared with left PT stimulation (33.1%£1.8%,
{13)=1.9, p=.080, d=0.51). For an overview of the interaction
and significant effects see Figure 2B. No other main effect or
interaction reached significance (all F=<1.0, all p=.516).

Discussion

The aim of the present study was to examine whether the PT is
involved in auditory attention and stimulus selection (e.g., [23,27]).
First of all, we found the characteristic right ear advantage and a
typical proportion of participants with a left ear advantage
implying that the role of the PT was examined in a typical
sample. Crucially, the results revealed that offline, low-frequency
r'TMS over the right PT significantly reduced the magnitude of the
right ear advantage as compared with sham. A more detailed
analysis showed that participants reported fewer syllables from the
right and more syllables from the left ear. Together with the
finding that the general ability to report stimuli remained stable,
this finding suggests that the right PT stimulation induced an
attentional shift towards left ear stimuli. This is consistent with
Pollmann’s [23] idea that the right PT is critical for stimulus
selection in dichotic listening and demonstrates that beyond
spectro-temporal analyses and phonological processing the PT is
also involved in (stimulus-driven), auditory attention (see also
[7,28,30]). It 1s also consistent with the idea that the P'T is part of
postero-dorsal phonological processing stream that analyzes
attentional and spatial components of speech [2]. Another rTMS
study [53] stimulated the right posterior superior temporal gyrus,
which largely overlaps with the PT area, and the right posterior
parietal cortex during a visual exploratory search task. Ellison et al.
[53] found a double dissociation: Online rTMS over the right
posterior superior temporal gyrus affected visual search that
required finding items based on orientation and color. However,
r'TMS over the right posterior parietal cortex impaired visual
search based on shapes. The findings are important in two ways.
First, the (right) PT area does not only seem to respond to auditory
but also visual stimuli, suggesting attentional processing in this
area might, in fact, be multimodal. Second, the fact that a double
dissociation arose, implies that rTMS over the PT area did not
spread to parietal areas, which are known to be critical for
attention and damage to these areas leads to neglect [54].Thus,
although we cannot entirely rule out the possibility, it seems rather
unlikely that the effect we found for the right PT, is in fact the
consequence of activation spreading to the inferior parietal/
temporo-parietal junction regions.
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Figure 2. Effects of transcranial magnetic stimulation on planum temporale during dichotic listening. (A) Laterality quotient (*SE)
across left PT, right PT, and sham stimulation. Positive values indicate a left, negative a right ear advantage. Note the reduced right ear advantage
after right PT stimulation. (B) Percentage of reported syllables (+SE) from the left and right ear across left PT, right PT and sham stimulation. The
dashed line represents the mean of left and right ear reports. Note that right PT stimulation alters the proportion of left and right ear reports while

the mean remains stable. **p<<.01, *p<.05, *p<<.10
doi:10.1371/journal.pone.0057316.g002

We suggest that the PT is part of a right lateralized attentional
network comprising the temporo-parietal and inferior frontal
cortex [55], and depending on specific task demands the PT’s
attentional processing capacities get involved or not. According to
Corbetta and Shulman [55] this network chiefly deals with
bottom-up rather than top-down processing, which is why we
opted for a ‘nonforced’ dichotic listening paradigm to probe the
attentional capacities of the PT (i.e., instructing participants to
report the sound they heard best or most clearly). As pointed out
above, top-down processing is often associated with activations in
the prefrontal and anterior cingulate cortex [42,43], presumably
because the ‘forced’ paradigm largely relies on executive control
functions [56], and thus seemed less suitable to probe the role of
the PT in auditory attention. Nevertheless, it would be interesting
to examine in the future whether the PT also plays a role in top-
down processing, that is, in a ‘forced attention’ paradigm.

At first, the facilitatory effect of r'TMS might be surprising, since
offline, low-frequency rTMS is often described as having
inhibitory, functional effects. One might thus have expected that
the right ear advantage would have been increased after rTMS over
the right PT, rather than decreased as shown in the present study.
However, inhibitory rTMS effects are well documented for
stimulating primary motor areas and these findings cannot simply
be generalized to other brain regions. In fact, several authors have
demonstrated that offline, low-frequency rTMS can very well have
facilitatory effects [57,58,59]. Accordingly, patients with epileptic
foci also demonstrated facilitatory effects in dichotic listening
(39,40]; but see [38]). Our results are thus not at odds with the
literature and our rTMS protocol seemed to have facilitated right
PT functioning.

Although the results were straightforward with respect to the
right PT, findings on the role of the left PT were less clear. We
hypothesized that stimulation of the left PT in particular would
impair the general ability to report consonant-vowel syllables.
However, while numerically the overall accuracy rate was lowest
after left PT stimulation there were no significant differences
between any of the three stimulation conditions. In general,
stimulation of the left PT did not lead to significant effects, only
trends emerged. From Figure 2 it appears as if stimulation of the
left PT reduced the right ear advantage a little: not enough to
result in a significant difference with sham, but enough so that the
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difference between left and right PT stimulation only showed a
trend.

The finding that left (and right) PT stimulation did not affect the
general ability to report syllables does not argue against the notion
that the PT carries out spectro-temporal analysis and phonological
processing. Other, more parsimonious explanations may account
for the lack of effect. First, as noted above unilateral temporal
lesions have relatively little effect on reporting left and right ear
stimuli in dichotic listening [17]. This might reflect that auditory
processing, in contrast to visual processing, for example, is largely
bilaterally organized, so that unilateral lesions or rTMS have little
effect on a basic processing level. Alternatively, rTMS might be
too focal to exert meaningful effects on the left PT. The activation
in the PT during dichotic listening is typically stronger and more
widespread in the left than right hemisphere [13]. Moreover, the
PT shows a marked anatomical asymmetry with the left PT being
larger than the right (e.g., [60,61]; for review [62]). It is thus
possible that the left PT area was simply too large for the relatively
focal rTMS. Finally, one might, perhaps, speculate that the
differential effects of left and right PT stimulation arise from the
fact that stimulation over the right PT was slightly stronger on
average than over the left PT (57% versus 55% stimulator output).
However, although the difference of 2% was statistically signifi-
cant, it is so small that it is very unlikely to have any practical
consequences. We thus do not believe that it can account for the
finding that left PT stimulation did not show any meaningful
behavioral effects.

The relative lack of left PT stimulation, however, implies that
there is no interhemispheric spread of activation effect. rTMS
cannot only lead to concurrent, electrical activations in areas
adjacent to stimulated brain sites but also in homotopic areas in
the contralateral hemisphere [63]. This might explain the
somewhat reduced right ear advantage after left PT stimulation,
but it does not explain that only right PT" stimulation resulted in a
reduced right ear advantage compared with sham. Hence, it can
be argued that the attentional shift is a genuine effect of right PT
stimulation and not the result of interhemispheric spread of
activation.

Taken together, the findings of the present study show that the
right PT plays a crucial role in stimulus selection during dichotic
listening [23]. This lends very strong support to the notion that at
least the right PT is involved in (stimulus-driven), auditory
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attention. We did not find any indication that rTMS over the PT
impairs the general ability to report consonant-vowel syllables.
This might be the result of the bilateral organization of the
auditory system or, perhaps, that rTMS over the left PT is too
focal to exert meaningful effects. Nevertheless, the P1" appears to
be involved in bottom-up attentional (seemingly multimodal)

processing, probably as part of a network comprising temporo-
parietal and inferior frontal areas [55].
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