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Julia N. Frey,1 Nelly Mainy,2 Jean-Philippe Lachaux,2 Nadia Müller,1 Olivier Bertrand,2 and Nathan Weisz1

1Center for Mind / Brain Sciences, University of Trento, 38068 Rovereto, Italy, and 2Brain Dynamics and Cognition Team, Lyon Neuroscience Research
Center (CRNL), INSERM U1028, CNRS UMR5292, University Lyon 1, 69500, Lyon-Bron, France

Despite substantial research on attentional modulations of visual alpha activity, doubts remain as to the existence and functional
relevance of auditory cortical alpha-band oscillations. It has been argued that auditory cortical alpha does not exist, cannot be measured
noninvasively, or that it is dependent on visual alpha generators. This study aimed to address these remaining doubts concerning
auditory cortical alpha. A magnetoencephalography study was conducted using a combined audiovisual spatial cueing paradigm. In each
trial, a cue indicated the side (left or right) and the modality (auditory or visual) to attend, followed by a short lateralized auditory or visual
stimulus. Participants were instructed to respond to the stimuli by a button press. Results show that auditory cortical alpha power is
selectively modulated by the audiospatial, but not the visuospatial, attention task. These findings provide further evidence for a distinct
auditory cortical alpha generator, which can be measured noninvasively.
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Introduction
Alpha oscillations are considered to reflect the excitatory–inhibi-
tory (E–I) balance of sensory and motor areas, with high levels of
alpha indicating inhibitory states (Klimesch et al., 2007; Weisz et
al., 2007). This view is well established in the visual and sensori-
motor domain (Thut and Miniussi, 2009). The first magnetoen-
cephalography (MEG) evidence of an auditory cortical alpha-like
rhythm was reported by Lehtelä et al. (1997); however, doubts
continue concerning the functional relevance and measurability
of an auditory alpha rhythm (Weisz et al., 2011). A concern,
mainly based on scalp EEG recordings in audiovisual attention
paradigms, is whether noninvasive methods are sensitive enough
to measure cortical auditory alpha. In many audiovisual spatial
attention tasks, attention is cued to lateralized visual or auditory
sensory input, followed by a target stimulus. Studies reported
occipitoparietal alpha power increases during auditory attention
(Foxe et al., 1998; Fu et al., 2001), interpreted as inhibition of
visual processing. Banerjee et al. (2011) offered further insights,
reporting modality-independent topographical (“supramodal”)
effects in early time-windows, and late “modality-specific” topo-
graphical differences dependent on attended modality. Although
posterior-attentional modulations have been consistently shown

using scalp EEG, a recent intracranial study by Gomez-Ramirez et
al. (2011) showed auditory cortical alpha-band modulations in-
fluenced by intersensory attention. This study underlines the
general challenge of detecting cognitive auditory cortical alpha-
band modulations using noninvasive tools (Weisz et al., 2011).
However, this has been shown to be feasible. Examples include
“tau” desynchronizations (Lehtelä et al., 1997); and working
memory dependent modulations of auditory cortical alpha (van
Dijk et al., 2010). With regards to attentional manipulations our
group has repeatedly demonstrated the sensitivity of MEG, as
well as EEG, to capture modulations of auditory cortical alpha
(for review, see Weisz and Obleser, 2014). However, in these
studies participants had to attend to the auditory modality only.
Using a design similar to audiovisual EEG studies, which re-
ported parietal modulations (Banerjee et al., 2011), we set out to
demonstrate modality-specific effects of spatial attention on au-
ditory cortical alpha.

We devised a multisensory Posner task (Posner, 1980), in which
participants were cued to attend lateralized vision or audition. We
predicted alpha effects in occipitoparietal regions independent of the
attended modality. Beyond this replication, our main goal was to
identify modality specific effects of spatial attention. Source localiza-
tion would aid in uncovering auditory cortical alpha modulations
during audiospatial attention (Weisz et al., 2011). In accordance
with these hypotheses, we present here for the first time MEG data of
a combined audiospatial and visuospatial attention task showing
selective alpha modulations in the auditory cortex only when atten-
tion was deployed to the auditory modality.

Materials and Methods
Participants. Overall 11 healthy participants (7 females; mean age, 26.5 years;
age range, 22–43 years) took part in the study after the experimental proce-
dure was explained and written informed consent was obtained. No partic-
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ipant had a history of neurological or psychiatric disorders or hearing/vision
impairments. The experimental procedure conformed to the Declaration of
Helsinki and was approved by the local ethics committee.

Experimental paradigm. The general outline of a trial is shown in
Figure 1. Stimuli were presented with Presentation software (Neu-
robehavioral Systems). Each trial started with a white cross on a black
screen; after 1000 ms a visual cue indicated the modality (auditory or
visual; A or V) and the side (left or right ear/hemifield;4 or3) of a
second stimulus (target). The target was presented after a pseudoran-
domized interstimulus-interval of 1000, 1500, or 2000 ms. In 80% of all
trials, cues were valid, whereas 20% of the trials consisted of invalid cues
(either concerning modality, side, or both). In the auditory condition, the
second stimulus consisted of a noise burst of 100 ms (1 of 5 different pitches),
and in the visual condition it consisted of a simple geometric figures (either
an upward or downward triangle, a diamond, a circle, or a square). Partici-
pants were required to respond to all second stimuli by pressing a button as
fast as possible. After 1000 or 1200 ms a new trial started. There were 6–9
blocks of 60 trials each (15 trials with each cue type) resulting in 360–540
trials in total. The whole experiment lasted for �1.5 h.

Data acquisition. A 275 channel whole-head axial gradiometer system
(CTF, VSM MedTech) was used for recording of electromagnetic brain
activity, which was sampled continuously at a rate of 600 Hz (filtered online
0–150 Hz). Three coils were placed at nasion and the two preauricular
points; passing small currents through these coils before and after each block
allowing us to monitor head movements. From each participant we obtained
an anatomical 3D MRI, using a 1.5 T Siemens Sonata scanner.

Behavioral data analysis. Task performance was computed with re-
spect to reaction times (RTs), excluding all trials in which no response
was given or in which response time was longer than 800 ms (on
average 3.4%). Analysis was done using repeated-measures ANOVA
with the four factors cue and target modality (auditory or visual), as
well as cue and target side (left or right).

Preprocessing. Trials in which no response was given (on average 3.2%)
were excluded from the data analysis. Epochs of �2000 ms length were
extracted around cue onset resulting in the four cue conditions: auditory
right, auditory left, visual right, and visual left. A generous time-interval
was chosen to diminish edge effects in the time-frequency estimates.
Before an independent component analysis (ICA) to remove eye and
heart artifacts, data were detrended, down-sampled to 400 Hz, and visu-
ally inspected to remove large muscle artifacts and channel jumps. The
ICA was based on 300 randomly selected trials of the concatenated data;

and two to five components were rejected in each dataset by visually
inspecting the components’ time course and topographies. After the ICA,
a second visual artifact rejection was done to remove remaining artifacts,
resulting in the rejection of 5– 46% of all trials per subject. Following the
artifact rejection, trial number across all four conditions was equalized
for each participant to prevent any bias in subsequent data analysis across
conditions (Gross et al., 2013). This was done by randomly selecting the
same number of trials from each condition (i.e., the number of trials
present in the condition with the fewest trials) resulting in 72–126 trials
per condition and subject.

Sensor level. Spectral estimation (Fourier transformation) was per-
formed on Hanning-tapered time windows from �0.5 to 1.5 s (in steps of
0.05 s) relative to the cue onset from 1 to 30 Hz (in steps of 1 Hz). The
length of the sliding time windows was frequency dependent (5 cycles of
the respective frequency). Postcue neuronal activity was then estimated
as a relative power change with respect to a precue time window from
�0.5 to �0.1 s. To test for direction-specific attention effects regardless
of the modality, the power of the grand averages of the two auditory and
two visual conditions (right vs left) was averaged and statistically com-
pared regarding the time window from 0.3 to 0.9 s postcue and 8 –16 Hz
using a nonparametric cluster-based permutation analysis (Maris and
Oostenveld, 2007).

To investigate whether there are alpha-band modulations in the audi-
tory cortex in a main-modality contrast, we compared the auditory and
visual condition regardless of locus of attention by concatenating all trials
of each modality. For both conditions spectral power was estimated from
�0.5 precue to 1.5 s postcue (in steps of 0.05) for 1–30 Hz (in steps of 1
Hz; sliding time window: 5 cycles per frequency). The postcue neuronal
activity for the subsequent statistical test was estimated as relative power
change with respect to the �0.5 to �0.1 s precue time window. Then we
statistically contrasted the grand averages of the two conditions for the
same time-frequency window (0.3– 0.9 s, 8 –16 Hz) using cluster-based
correction for multiple comparisons.

Source level. To localize the probable generators of the sensor level
effect, a time-frequency window was defined based on the time courses
and power spectra of the respective peak sensors, and a source recon-
struction was performed using a dynamic imaging of coherent sources
beamformer (DICS; Gross et al., 2001). Cross-spectral density (CSD)
matrices of all conditions were calculated using a multitaper FFT method
with a center frequency of 11 �3 Hz for a time period of 0.45– 0.9 s after
cue onset. For each subject, realistically shaped, single-shell head models
(Nolte, 2003) based on individual structural MRI scans were computed.
A grid with 1 cm resolution was normalized on a MNI template, and then
morphed into the brain volume of each participant. Leadfields for all grid
points and a CSD matrix based on the concatenated auditory and visual
conditions (right and left) were used to compute a common spatial filter
for each grid point and each participant. Using this common filter, the
spatial distribution of power was estimated for all four conditions (mo-
dality � side). Dependent-sample t tests were calculated between the
attention– direction (right vs left) in both modalities using the grand
averages. Additionally, a conjunction/disjunction analysis based on the
statistical maps of the source analysis was performed to illustrate
modality-independent and -specific activation. In this way, regions ac-
tive in both modalities (auditory and visual; conjunction) as well as
regions specific to the auditory modality [auditory � (auditory and vi-
sual); auditory disjunction] and to the visual modality [visual � (audi-
tory and visual); visual disjunction] were identified.

Additionally, to specifically investigate whether the alpha-band in the
auditory cortex is modulated in the main modality contrast (auditory vs
visual), we performed a second DICS beamformer analysis using all trials
from the auditory and the visual condition, collapsed across spatial at-
tention. Based on the sensor-level data, spatial filters were estimated for
the 0.5–1 s time- and 10 �3 Hz frequency-window. All other parameters
were identical to the first beamformer analysis described above. In a
second approach, all parameters (also the time-frequency window: 0.45–
0.9 s, 11 �3 Hz) were identical to the beamformer analysis described
above. Because the main outcomes were virtually identical, in the present
paper we restrict our description to the first approach. All offline treat-

Figure 1. Schematic illustration of a trial. After a fixation cross, a cue indicating the modality
(auditory or visual) and side (right or left) is presented, followed by a target stimulus. The figure
depicts a valid right auditory trial. Participants were required to press a button as fast as possible
after target presentation.
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ment of MEG data were performed using fieldtrip (http://fieldtrip.
fcdonders.nl/; Oostenveld et al., 2011).

Results
Cue modality and cue side influence reaction time of
target detection
An ANOVA with the four factors cue modality, cue side, target
modality, and target side was applied to RTs. A main effect for the
target modality was observed (F(1,10) � 439.44, p � 0.001), with
shorter mean RTs for auditory than visual targets. In addition, the
allocation of attentional resources to the cued modality/side pro-
duced typical cost-benefit patterns, resulting in significant inter-
actions between the cue and the target modality (F(1,10) � 48.28,
p � 0.001) as well as the cue and the target side (F(1,10) � 44.48,
p � 0.001). The effect of the cue-target modality interaction was
particularly pronounced when an auditory cue was followed by a
visual target due to the invalid cueing and generally longer reac-
tion times for visual targets. Furthermore, we found a significant
interaction between the cue side and the target modality (F(1,10) �
12.44, p � 0.01).

Postcue alpha effects in audiospatial and visuospatial
attention: sensor level
Nonparametric statistical contrasts in the auditory and the visual
modality (attend right vs attend left) regarding the time-
frequency window from 0.3– 0.9 s after cue onset and 8 –16 Hz
(see Materials and Methods) resulted in significant negative au-
ditory (p � 0.001) and visual (p � 0.026) clusters emerging at 0.5
and 0.45 s postcue, respectively (Fig. 2A,B). On a descriptive
level, the topographies of both clusters were left-lateralized and
strongest at parietal sensors. However, the auditory cluster
spread to more posterior, and to left temporal and frontal sen-

sors, whereas the visual cluster already emerged more posteriorly,
with some later activation in left frontal sensors. The spectral
profile of the peak channel of the auditory and the visual cluster
indicated the effect to be centered �11 Hz (Fig. 2C).

Postcue alpha effects in audiospatial and visuospatial
attention: source level
To localize probable generators contributing to the sensor-level
effect, we performed a beamformer analysis and subsequent t
tests on the source level data contrasting attend right versus at-
tend left (see Materials and Methods). Note in the following sec-
tions that alpha modulations are described as “relative”, as they
refer to a contrast, which does not provide conclusive informa-
tion in which condition the alpha oscillations were modulated
(e.g., increase for attend right, decrease for attend left, or both).
In the auditory condition, we found relative alpha power de-
creases in the left auditory cortex (BA40-42 and postcentral
gyrus), in the left primary, secondary, and associative visual cor-
tices (BA17-19), the left superior frontal gyrus (BA11), and in the
right inferior frontal and precentral gyri (BA44, BA6) when at-
tention was directed to the right compared with the left side (Fig.
2D; positive and negative values refer to relative power increases
and decreases, respectively). Additionally, when attending the
right side, relative alpha power increases were identified in the left
middle frontal gyrus (BA6) and right occipitoparietal regions
(BA17, superior parietal lobule). Interestingly, no modulations of
spatial attention were found in the right auditory cortex.

In the visual condition, when the right side was attended com-
pared with the left side, we found small relative alpha power
decreases in the left primary visual area (BA17), the left superior
parietal lobule (BA7), and the right superior temporal gyrus

Figure 2. Modality-specific effects. Results of the contrast attend right versus attend left in the auditory and visual condition (positive and negative values refer to relative power increases and
decreases, respectively). A, Time-frequency plots and sensor-level topographies (masked at p�0.05; corrected for multiple comparisons) showing the statistical contrasts attend right versus attend
left for 300 –900 ms post-cue and averaged across 8 –16 Hz (marked with a solid black rectangle) in the auditory condition (top, p � 0.001) and visual condition (bottom, p � 0.026). C, Time course
and power spectrum of the auditory and visual contrasts (shown are the statistical values of the peak channels, marked with a white dot in A). D, Statistical contrast attend right versus left
(uncorrected) of the source reconstructions of the auditory (top) and visual conditions (bottom) for the 450 –900 ms postcue time- and 11 �3 Hz frequency-window (masked at p � 0.05).
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(BA38). Similar to the auditory contrast, there were relative alpha
power increases in the right occipitoparietal areas when attend
right versus attend left. However, these increases were more ex-
tensive than in the auditory contrast including right primary,
secondary and associative visual cortices (BA17-19), parts of the
right fusiform gyrus (BA37), and the right superior parietal lob-
ule (BA7; Fig. 2D). The conjunction analysis showed that relative
alpha power decreases in the right primary and associative visual
cortices (BA17, BA19), and the right superior parietal lobule
(BA7), were common to both the auditory and the visual condi-
tion. Importantly, the auditory disjunction analysis clearly illus-
trated that the left auditory cortical alpha was solely modulated
when attention was directed at acoustic input (Fig. 3).

Postcue main modality alpha effects: sensor and source level
On a descriptive level, the contrast between auditory and visual at-
tention (in the 0.5–1 s time- and 8–16 Hz frequency-window) re-
sulted in a negative pattern conforming to our expectations,
however, without reaching statistical significance (p�0.53; Fig. 4A).
However, as outlined above circumscribed auditory cortical effects
can be missed in the sensor level analysis especially when using clus-
ter level correction (which favors broadly spread effects). Therefore,
targeting the alpha frequency range (see Materials and Methods) a
DICS was performed to scrutinize this issue in more detail. Indeed,
the source reconstruction of the modality contrast shows an alpha-
band modulation in the right auditory cortex (BA 41); however,

interestingly, no similar modulation was found in the left auditory
cortex (Fig. 4B). Furthermore, some additional modulations were
found in bilateral parietal regions (postcentral gyri, right superior
parietal lobule), frontal regions (right superior frontal gyrus, bilat-
eral middle frontal gyri), and bilateral temporal regions (left tempo-
ral pole, right insular cortex). Also, in contrast to the spatial attention
effect described in Figures 2 and 3, occipital effects were basically
absent in the modality contrast.

Discussion
Audiospatial attention modulates cortical auditory alpha
For the first time we present noninvasively measured auditory
alpha power modulations in an audiovisual attention paradigm.
Audiospatial attention resulted in alpha power modulations in
the left auditory cortex (and not in the right auditory cortex),
whereas visuospatial attention mainly modulated alpha in visual
areas, but not in the auditory cortex. Alpha band oscillations are
thought to be a general mechanism regulating the excitability
state of neural tissue (Klimesch et al., 2007) and a top-down
driven mechanism to disengage cortical areas in stimulus pro-
cessing (Jensen and Mazaheri, 2010). Importantly however, two
potential mechanisms could influence auditory processing dur-
ing an audiospatial attention task. On the one hand, processing of
the unattended ear, mainly in the auditory cortex ipsilateral to
attention, could be inhibited. On the other hand, processing of
the attended ear, mainly in the hemisphere contralateral to atten-
tion, could be facilitated (Tervaniemi and Hugdahl, 2003). The
statistical contrast reported in this study, however, does not dis-
close which mechanism was driving our effects (ipsilateral inhi-
bition, contralateral facilitation or both). The present alpha
modulations in the left auditory cortex could, therefore, reflect an
inhibition of this region when the left ear was attended, or an
increased excitability state of this region when the right ear was
attended (or both). These results are in line with findings from
the other modalities, in which relative alpha power increases were
found in to-be-inhibited areas in visuospatial (Worden et al.,
2000; Sauseng et al., 2005; Thut et al., 2006), visual feature-based
(Snyder and Foxe, 2010), and somatosensory attention tasks
(Haegens et al., 2011). Due to several difficulties in the study of
cortical auditory alpha oscillations, particularly with scalp EEG
recordings (e.g., the size and orientation of the auditory cortex,
the blurring by simultaneous somatosensory and visual alpha
fluctuations), it was either thought that the alpha-band modula-
tions in auditory spatial attention studies resulted from posterior
alpha generators, or that the increased sensitivity of intracranial
recordings is necessary to measure them (Gomez-Ramirez et al.,

Figure 3. Results of the conjunction analysis based on the statistical maps of the source analysis (shown in Fig. 2D). Shown are source activity of the contrast attend right versus attend left
common to both conditions (left), and specific to the auditory (middle), and the visual condition (right; positive and negative values refer to relative power increases and decreases, respectively).

Figure 4. Main modality effects. A, Time-frequency data from 3 to 30 Hz and 300 –1000 ms
postcue, showing the contrast between auditory and visual modalities. A nonparametric statistical
test (cluster-based correction for multiple comparisons) was computed for the time-frequency win-
dow of 300 –900 ms and 8 –16 Hz (marked with a solid black rectangle). B, Statistical contrast of the
source reconstruction of the auditory and the visual condition using the time-frequency window of
500 –1000 ms and 10�3 Hz (marked in A with a dotted black rectangle). Shown are the lateral views
(left and right) of inflated hemispheres thresholded at p � 0.05 (uncorrected).
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2011). Using a very similar design as in aforementioned audiovi-
sual studies (Foxe et al., 1998; Worden et al., 2000; Fu et al., 2001;
Banerjee et al., 2011; Gomez-Ramirez et al., 2011), the current
MEG study, however, clearly shows alpha-band modulations
generated in the auditory cortex corroborating findings from
previous research in the auditory modality (Weisz et al., 2011;
Weisz et al., 2013; Müller and Weisz, 2012). These findings con-
tribute to the field of auditory cognition on several levels. First,
they provide more evidence for the existence of auditory alpha
and that it can be measured with noninvasive techniques. Second,
they show that its generation is separate from occipital alpha-
band generators. Finally, they support the notion that auditory
alpha is functionally relevant in auditory cognition, here in au-
diospatial attention; corroborating the notion that alpha pos-
sesses general similar functional properties.

Audiospatial attention is processed asymmetrically
When attending the right versus the left side alpha-band oscilla-
tions were modulated in the left but not the right auditory cortex.
A reason for these results could be the asymmetries of the audi-
tory system. Whereas the left auditory cortex mainly localizes
stimuli in the contralateral space, the right auditory cortex pro-
cesses stimuli in the whole space (Zatorre and Penhune, 2001;
Spierer et al., 2009). Subsequently, there could have been similar
alpha-band modulations in the right auditory cortex during au-
diospatial attention to the left and to the right side. Indeed, alpha-
band oscillations in the right but not in the left auditory cortex are
modulated when contrasting auditory versus visual attention re-
gardless of locus of attention (Gomez-Ramirez et al., 2011).
These results from the modality-specific audiospatial contrast
and the main modality contrast are in line with previous results
from our group (Müller and Weisz, 2012; Weisz et al., 2013),
providing further evidence for asymmetries in the auditory sys-
tem during audiospatial attention before stimulus onset.

Audiospatial attention modulates alpha outside of the
auditory cortex
We hypothesized that spatial attention, regardless of modality,
modulates alpha-band activity in posterior regions, reflecting a
supramodal attention system (Banerjee et al., 2011). However, in
addition to these common modulations, we report posterior
alpha-band activity modulated by audiospatial but not visuospa-
tial attention. It is worth noting that these modulations, in con-
trast to modulations in the auditory system, were symmetrical. As
the current study focused on spatial attention within one modal-
ity, and as there was no simultaneous, to-be-ignored visual input
during audiospatial attention, it is unlikely that these findings
reflect a general disengagement of the visual system. On the con-
trary, they could reflect an automatic coactivation of visual areas
during audiospatial attention either because the visual cue enhanced
the salience of the spatial location regardless of the modality (Smith
and Schenk, 2012), or because the visual and the auditory systems
actively interact during audiospatial attention. Interestingly however
on a behavioral level, dramatic costs in RTs were obtained when
participants were wrongly cued to the auditory modality (i.e., a vi-
sual target appeared), meaning that this coactivation is not beneficial
in a functional sense. Alternatively, also taking into account alpha
power modulations in the posterior parietal cortex and the inferior
and middle frontal gyri, these changes could reflect involvement of
the dorsal and ventral attention networks (Corbetta and Shulman,
2002; Petersen and Posner, 2012; Wen et al., 2012). Involvement of
both attention networks has been found in audiospatial attention
tasks using fMRI and MEG (Degerman et al., 2006; Weisz et al., 2013;

Kong et al., 2014; Lee et al., 2014). Together, the alpha-band modu-
lations in regions outside of the auditory cortex could either reflect a
coactivation of visual areas due to visual dominance or audiovisual
interactions, or an involvement of the dorsal and ventral attentional
networks.

Common posterior alpha-band modulations
The present study yielded interesting results concerning atten-
tion deployment across modalities in line with our hypotheses.
The conjunction analysis showed that audiospatial as well as visu-
ospatial attention modulated alpha-band oscillations mainly in
right posterior areas. This activation could partly reflect auto-
matic activation of visual areas during audiospatial attention (see
above); however, it could also reflect a supramodal attentional
system (Banerjee et al., 2011) or an interactive synergy between
the auditory and the visual modality. The posterior parietal cor-
tex has been suggested to play a central role in multisensory in-
tegration (Macaluso et al., 2003; Molholm et al., 2005) including
auditory spatial attention (Wu et al., 2007; Hill and Miller, 2010;
Smith et al., 2010, Banerjee et al., 2011). Additionally, the dorsal
attention network, including parietal regions, has been suggested
to be involved in visuospatial (Kastner and Ungerleider, 2000;
Corbetta and Shulman, 2002; Serences and Yantis, 2007; Capo-
tosto et al., 2009) and audiospatial attention tasks (Degerman et
al., 2006; Mayer et al., 2006; Shomstein and Yantis, 2006; Wu et
al., 2007; Salmi et al., 2009; Lee et al., 2014; Weisz and Obleser,
2014). The present data are in line with these studies suggesting a
parietal supramodal attention system (Banerjee et al., 2011; Ptak,
2012; Kong et al., 2014). Alternatively, neural substrates common
to audiospatial and visuospatial attention could also represent an
interactive synergy improving task performance in both or par-
ticularly the auditory modality.

Limitations
There are some limitations of the current design. First, the cues
were presented visually in the audiospatial as well as the visuospa-
tial attention task. To study the effects of attentional cues without
any confounds of the cue modality, one could present them in a
modality different from the target modalities. However, previous
studies have used cues in the same modality as the target
(Worden et al., 2000; Sauseng et al., 2005) as well as in a different
modality (Fu et al., 2001; Thut et al., 2006; Haegens et al., 2011)
showing no fundamental differences of cue modality on atten-
tional effects. Also for our purposes of studying auditory cortical
alpha, use of a visual cue poses no interpretational problems.
Second, because alpha power is modulated by cue validity (Hae-
gens et al., 2011), the observed effects could have been stronger
and possibly clearer if all cues had been valid.

Conclusion
In accordance with the hypotheses, the present study has shown
very selective noninvasively measured alpha-band modulations
in the auditory cortex during audiospatial attention. Further-
more, visuospatial attention modulated alpha oscillations in vi-
sual areas but not in the auditory cortex, and both audiospatial
and visuospatial attention resulted in effects in higher-order ar-
eas. These findings provide clear evidence that auditory cortical
alpha modulations can be measured noninvasively and that there
is a distinct alpha generator in the auditory cortex separate from
occipital alpha generators. In addition, they support the notion
that alpha-band oscillations possess general functional properties
that are also relevant in auditory cognition.
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