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Changes in the human neuromagnetic alpha rhythm were mon-
itored during an object detection task to study the effects of
visual shape processing on the parieto-occipital activity. Pic-
tures of coherent meaningful objects, which the observers had
to detect, and of disorganized meaningless non-objects were
presented briefly between masks. The non-objects were sys-
tematically followed by a higher level of alpha than the objects,
the difference emerging on average 400 msec after the stimu-
lus, with a median delay of 130 msec after evoked response
onsets in the occipital, temporal, and parietal cortices. Without
attention to visual shape, the alpha levels did not differ between
objects and non-objects. The alpha level was higher after non-
objects than missed objects, and higher after missed than
correctly detected objects, suggesting that the alpha level is
inversely related to saliency or familiarity of the object and does
not directly reflect visual awareness.

The reactive alpha rhythm was generated in the parieto-
occipital sulcus, which in several primate species includes
areas belonging to the dorsal visual pathway. According to
current views, the parietal cortex produces attentional signals
that filter out irrelevant information in the ventral visual stream.
Our results reinforce the idea of bidirectional interaction: infor-
mation derived from visual shape can rapidly modify activity in
the parieto-occipital region. The synchronized alpha oscilla-
tions may reflect attenuation of occipito-parietal information
transfer and disengagement of parietal cortex from object
selection.
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Prompt detection of new visual objects in the ever changing
environment requires fast shifts of attention, effortlessly achieved
by the visual system of the brain. The primate visual system can
be divided, on anatomical and functional grounds, into ventral
occipitotemporal and dorsal occipitoparietal streams (Ungerlei-
der and Mishkin, 1982; Felleman and Van Essen, 1991; Goodale
and Milner, 1992). The ventral stream is assumed to be mainly
responsible for discrimination and recognition of visual objects,
whereas the dorsal stream is involved in object localization, visual
guidance of motor behavior, and attention. The two streams are
interconnected at several levels of cortical hierarchy and evidently
cooperate in a dynamic fashion (Van Essen et al., 1992).

The posterior parietal cortex, the pulvinar, and the superior
colliculus have been suggested to form a posterior attentional
network that shifts visual attention to different spatial locations
(Petersen et al., 1987; Posner and Petersen, 1990); the spatial
attention may then modify activity of the ventral visual stream
(Moran and Desimone, 1985; Motter, 1993). According to current
views (LaBerge and Brown, 1989; Posner and Petersen, 1990;
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Corbetta et al., 1991; LaBerge, 1995), the parietal attentional
system dynamically gates input to the ventral visual stream and
helps to choose appropriate targets for object recognition. Up to
now, the parietal attentional system has been studied mainly
during spatial tasks, whereas less is known about its behavior
during shape-based discrimination (Desimone and Duncan,
1995).

Here we report on the reactivity of magnetoencephalographic
(MEG) parieto-occipital alpha rhythm during a difficult visual
discrimination task. The MEG alpha rhythm originates mainly
near the parieto-occipital sulcus (POS), with only minor contri-
bution from the calcarine sulcus (Williamson and Kaufman, 1989;
Salmelin and Hari, 1994; Salenius et al., 1995); the rhythm may
reflect activity in the human dorsal visual stream (Hari and
Salmelin, 1997). Our previous analysis of evoked fields, recorded
during the same task (Vanni et al., 1996b), revealed activation of
the lateral occipital and temporal cortices, probable parts of the
human ventral stream (Corbetta et al., 1991; Malach et al., 1995),
and of the left parietal cortex; only the right lateral occipital
cortex displayed activity that correlated with the proportion of
correct object detections.

The goal of the present study was to determine whether visual
shape can modify the parieto-occipital alpha rhythm and whether
the alpha level covaries more closely with the stimulus features or
with the conscious perception. We also tried to determine the
temporal relation between changes in the evoked and spontane-
ous cortical activity.

A preliminary report of part of this study has been published
previously in abstract form (Vanni et al., 1996a).
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MATERIALS AND METHODS

Eight right-handed healthy adults (four females, four males; mean age
24.9 years, range 21-28 years) participated in the study. During the
recordings they sat in a magnetically shielded room, with the head
supported against the bottom surface of the helmet-shaped magne-
tometer. Line drawings of 200 animate or inanimate objects (Snodgrass
and Vanderwart, 1980) and of corresponding non-objects were used as
stimuli. The non-objects were generated by randomly rotating circular
areas with a radius of 0.5° within the object drawings until there were no
areas with recognizable features. The stimuli were presented between
backward and forward masks once every 3-5 sec in a randomized order
(Fig. 1). The mask was a line drawing (mean luminance 12 cd/m?) 7.9 X
7.9° in size. The black (0.4 cd/m?) and white (25 cd/m?) stimuli were
presented to the area covered by the mask. Observers fixated a point in
the middle of the mask. Three different stimulus durations (means 30, 46,
and 106 msec) were used in consecutive sessions to vary the rate of object
detection and to examine the corresponding changes in brain activation.
Because of different screen refresh rates in the stimulus computer and
Sony VPL-350QM data projector, each stimulus sequence contained
20-30% of stimuli with duration deviating by one screen refreshing time
from the desired. We do not consider this a serious drawback, however,
because after 100 averages in each stimulus category, the SEM of the
stimulus duration was <0.8 msec for the 30, 46, and 106 msec stimuli. A
control study aimed at comparing activity related to correct and missed
object detections was run 1 year later; seven observers were presented
with stimuli at a duration that resulted in ~50% correct detections.
During this session the actual stimulus durations were measured with an
optical fiber, and only responses to stimuli with identical durations were
averaged off-line.

One second after the stimulus had disappeared, the observers were
requested to respond by lifting the right index finger if they had perceived
a coherent and meaningful object and the left index finger if nothing at
all or nothing coherent and meaningful was perceived. The purpose was
to reach high specificity in object detection. On average only 7, 8, and 3%
of non-objects were detected as objects (false positives) at the 30, 46, and
106 msec stimulus durations, respectively. The proportion of correctly
detected objects increased with stimulus duration, being 48 £ 9, 72 £ 7,
and 95 = 2% (mean * SEM) for the 30, 46, and 106 msec stimuli,
respectively.

Magnetic signals were measured with a Neuromag-122 whole-scalp
neuromagnetometer containing 122 planar SQUID gradiometers at 61
locations (Ahonen et al., 1993). The two sensors at each location measure
two orthogonal tangential derivatives of the magnetic field component
perpendicular to the surface of the sensor array. The planar gradiometers
measure the strongest signals directly above local cortical currents. Sig-
nals were bandpass-filtered (0.03-90 Hz) and digitized at 297 Hz.

Amplitude spectra were calculated for all channels from 0.86 sec
poststimulus periods (resolution 1.2 Hz), triggered from the stimulus
onset. The temporal spectral evolution (TSE) method (Salmelin and
Hari, 1994) was used to determine the average amplitude level of alpha
as a function of time, with respect to stimulus onset. The signals were
first filtered through the 8—13 Hz passband and then rectified, and the
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absolute values were averaged over ~100 trials, time-locked to stimulus
onset. The averaged signals were finally low pass-filtered at 15 Hz to
smooth the TSE curve. The difference between TSE signals for objects
and non-objects was estimated to begin when the non-object minus object
subtraction curve exceeded 2 SD of its prestimulus (—2000—0 msec)
baseline signal variation. Similarly, the evoked responses were estimated
to begin when the source strength exceeded 2 SD of the prestimulus
(—200-0 msec) signal variation for a minimum duration of 50 msec. Only
the 106 msec stimulus duration, resulting in the best signal-to-noise ratio,
was used for the latency comparisons between evoked responses and
alpha rhythm. This comparison includes some inaccuracy attributable to
noise affecting the onset latency determinations and to the narrow-band
signal filtering used to calculate the TSE curves.

To locate sources generating the reactive alpha rhythm, twelve 2 sec
epochs (six after objects and six after non-objects in alternate order)
were selected from the spontaneous signals filtered through 8-13 Hz.
Equivalent current dipoles were automatically localized with a least-
squares search at 1 msec intervals, with a fixed selection of 50 channels
covering the whole occipital lobe and most of the parietal cortex but
excluding the rolandic region. This channel selection covered the stron-
gest parieto-occipital alpha signals in all observers. From each oscillatory
cycle only one dipole with the best explanation of the field variance
(minimum 89% over the 50 channels) was accepted.

RESULTS

The level of the parieto-occipital alpha rhythm is
higher after non-objects than objects
Figure 2 (left) shows the poststimulus amplitude spectra from one
parieto-occipital channel for two observers. The ~10 Hz activity
is more abundant after non-objects (dashed lines) than objects in
both observers; the difference is strongest in parieto-occipital
midline (Fig. 2, middle). For more detailed analysis, four channel
pairs above the POS were selected for each observer on the basis
of the individual magnetic resonance images. These locations
typically covered the maximum difference, as illustrated in Figure
2 (middle) for Observers 4 and 5. An areal mean signal across
these four sensor pairs was then used for comparisons of alpha
reactivity quantified by means of the TSE analysis. In Observer 4
(Fig. 2, top right), the alpha was suppressed after both stimulus
categories, more strongly for objects than non-objects, and it
returned earlier back to the baseline level after non-objects; the
difference started at 190 msec and peaked at 560 msec. For
Observer 5 (Fig. 2, bottom right), the suppression was negligible,
and the non-objects evoked an alpha increase above the prestimu-
lus level; the difference between the categories started at 390
msec and peaked at 890 msec. Despite individual variations in
alpha reactivity, the difference waveforms between TSE curves to
non-objects versus objects were similar (Fig. 2, bottom right).
Figure 3 shows the mean differences (non-object minus object)
in the alpha level between 300 and 1000 msec after the stimulus
onset for all observers and all stimulus durations. The level was
systematically higher after non-objects than objects ( p < 0.005 for
each stimulus duration; binomial test) as reflected by the consis-
tently positive values in Figure 3. The mean (*+ SEM) differences
were 2.6 £ 0.7,3.5 = 0.7, and 4.1 = 0.8 fT/cm for the 30, 46, and
106 msec stimulus durations, respectively (difference between
durations, NS).

The alpha rhythm modulation starts soon after the
beginning of evoked cortical activity

The evoked magnetic fields were modeled with four to seven
dipoles, as has been described previously in detail (Vanni et al.,
1996b). Strong signals were first searched during 0-1 sec after
stimulus presentation. The signal patterns were then modeled,
during discrete time points, with equivalent current dipoles,
found with a least-squares search, and using a spherical volume
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Figure 3. The mean differences (between 300 and 1000 msec after the
stimulus) of non-object minus object alpha levels for all observers and
stimulus durations. Each dot represents one observer. Mean (+SEM)
values for all observers are shown.

conductor model. Contamination from other active areas was
reduced by restricting the search to 14-38 channels over the local
signal maxima.

At least six of eight observers showed significant responses in
the lateral occipital cortices (starting at 145 = 13 msec in the left
and 219 * 8 msec in the right hemisphere; p < 0.01 for the latency
difference), in the superior temporal areas (starting at 241 * 23
msec in the left and 213 = 10 msec in the right hemisphere; NS),
and in the left parietal cortex (starting at 216 * 24 msec). The
source locations of individual observers varied in different brain
regions on average by 17-34 mm with respect to external
landmarks.

Most sources showed dissimilar activity for objects and non-
objects, but in only 18 of 31 sources the strength difference
exceeded sustainedly 2 SD of baseline signal variation. The non-
object versus object difference in the alpha level (called “alpha

effect” below) started at 370 = 50 msec for the 106 msec stimuli;
the mean across all durations was 400 = 20 msec, with no
significant difference between the stimulus durations.

Figure 4 shows the evoked response onset latencies relative to
the individual alpha effect onsets. In most cases the evoked
responses started before the alpha effect (median difference 130
msec; p < 0.02; paired two-tailed ¢ test with each observer’s
average source activation latency compared with the alpha effect
onset). The amplitude difference between objects and non-objects
emerged at about the same time in the evoked responses and in
the alpha level (median time interval 10 msec; NS). The onset
latencies of parietal and other evoked responses did not differ
systematically.

The alpha level is higher after non-objects than

missed object detections

Figure 5 shows the TSE curves of Observer 3 for the correct
(64%) and missed (36%) objects and for the non-objects, all with
30 msec duration. The mean alpha level between 300 and 1000
msec is lowest with correct object detections (24.1 fT/cm), higher
after missed objects (30.1 fT/cm), and highest after non-objects
(37.9 fT/cm). The corresponding alpha levels for all observers
were 17.7 + 2.6, 20.2 = 3.1, and 23.4 = 4.1 {T/cm (Fig. 5, right);
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Figure 5. TSE curves for correct (C) and missed (M) object and for
non-object (N) detections for Observer 3, all with 30 msec stimulus
duration. The shaded bars show the mean (=SEM) alpha levels for all
observers during the 300-1000 msec integration period.

the differences between both correct and missed objects, and
between missed objects and non-objects, were significant (p <
0.05; paired two-tailed ¢ test).

The reactive alpha originates in the POS

Figure 6 shows the sources of the reactive, poststimulus parieto-
occipital alpha for Observer 1. In agreement with previous studies
(for review, see Hari and Salmelin, 1997), the sources cluster in
the POS close to the midline. The sources of prominent alpha
oscillations were identified for three other observers with essen-
tially the same results. Only very few sources were found close to
the calcarine sulcus.

Without discrimination task the alpha rhythm reacts
similarly to both object and non-object stimuli

Control experiments were performed with Observers 1 and 3,
both with abundant alpha rhythm, to further clarify the role of
the object categorization task for the poststimulus alpha reactiv-
ity. Instead of discriminating the (106 msec) stimuli to objects and
non-objects, the task was to indicate detection of any stimulus
with right index finger lift. Figure 7 shows that during this task the
alpha reactivity did not differ between objects and non-objects.

DISCUSSION

Our results show that the level of parieto-occipital alpha rhythm
is higher after meaningless non-objects than after meaningful
objects, which the observer had to detect. The alpha level differ-

Figure 6. The sources of alpha rhythm superimposed on the MR image
of Observer 1. The white dots and bars indicate the locations and direc-
tions of the source currents. The thin white lines mark the section level in
the other plane.
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Figure 7. The TSE curves from the control experiment with no visual
discrimination task.

ence is obviously related to the attention-to-shape demand of the
task: when no discrimination was required, the object versus
non-object alpha difference vanished. The increasing alpha level
from correct to missed objects and from missed objects to non-
objects may be inversely related to the saliency or familiarity of
the stimulus. Evidently, the level does not directly reflect the
contents in the visual awareness because the non-objects and
missed objects, both resulting in identical behavioral response
(“non-object”), still differed in the alpha level. The non-object
versus object difference emerged roughly simultaneously in the
alpha level and in the evoked responses. Provided that the visual
cortical areas are similarly organized in humans and other pri-
mates, these results suggest that visual targets, defined by shape,
promptly modify activity in the human dorsal visual stream.

The behavior and origins of the alpha rhythm

The electroencephalographic alpha rhythm (for review, see Nie-
dermeyer, 1993) is suppressed by opening the eyes (Berger, 1929)
and with increased attentiveness (Pollen and Trachtenberg,
1972b; Ray and Cole, 1985), and enhanced by viewing a uniform
visual field (Lehtonen and Lehtinen, 1972). Although visual
imagery attenuates both electric (Slatter, 1960) and magnetic
alpha (Kaufman et al., 1990; Salenius et al., 1995), the most
effective alpha suppressor is the external visual stimulation (Pol-
len and Trachtenberg, 1972a; Ray and Cole, 1985). Despite the
well characterized behavior of the occipital alpha rhythm, its
connections to cortical processes are less well known.

In line with earlier findings (Williamson and Kaufman, 1989;
Salmelin and Hari, 1994; Salenius et al., 1995; Hari et al., 1997),
alpha oscillations recorded in the present study were generated at
or near the POS. Hari and Salmelin (1997) recently suggested
that the MEG alpha might be generated in the human homolog of
monkey V6 complex. Area V6, also known as area PO in ma-
caque, is located in the anterior bank of the POS and is strongly
interconnected with area VOA, which abuts it dorsally (Galletti et
al., 1996). V6/PO receives connections from other visual cortices
(V1, V2, V3, V3A, V4, and V5/MT), with relative emphasis on
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the visual field periphery, and it is widely and reciprocally con-
nected to several parietal areas (Colby et al., 1988; Cavada and
Goldman-Rakic, 1989a; Blatt et al., 1990; Felleman and Van
Essen, 1991) and to the dorsal premotor cortex (Tanné et al.,
1995). V6/PO provides a relatively direct route from striate and
prestriate cortices to the parietal cortex (Colby et al., 1988) and
has been suggested to participate both in the encoding of visual
space and in the control of gaze and arm reaching movements
(Galletti et al., 1991; Galletti et al., 1995). Interestingly, the
spontaneous activity recorded with microelectrodes from the
V6A is inhibited during increased attentiveness (Galletti et al.,
1996), thereby resembling the behavior of the human alpha
rhythm.

Interplay between the parietal attentional and ventral
stream object recognition systems

The posterior parietal attentional system (Posner et al., 1984;
Steinmetz and Constantinidis, 1995) may dynamically gate the
input to the ventral visual stream and help to choose the appro-
priate targets for object recognition (LaBerge and Brown, 1989;
Posner and Petersen, 1990; Corbetta et al., 1991; Van Essen et al.,
1992; LaBerge, 1995). The pulvinar nucleus of thalamus probably
mediates the object selection effects on the basis of both spatial
location and object features (Desimone et al., 1990; LaBerge and
Buchsbaum, 1990; Corbetta et al., 1991; Robinson and Petersen,
1992). Like most visual areas in primates, the POS region also has
connections with the pulvinar (Trojanowski and Jacobson, 1976;
Graham et al., 1979; Zeki, 1986). In dog, both pulvinocortical and
corticocortical connections seem to be important for the genera-
tion of the cortical alpha rhythm (Lopes da Silva et al., 1980).
Because the attentional modulation may be restricted to a part of
the pulvinar (Petersen et al., 1985), it would be interesting to
know, for the interpretation of the present results, whether the
pulvinar subnuclei exerting and not exerting attentional effects
have similar POS connections.

Both inferotemporal and prefrontal cortices in monkeys partic-
ipate in shape-based discrimination (Fuster et al., 1985; Chelazzi
et al., 1993). In addition, parts of the inferior parietal lobule,
which receive extensive input from area PO (Andersen et al.,
1990; Boussaoud et al., 1990), react to unattended stimuli during
attentive fixation (Mountcastle et al., 1981). Similarly, the human
parietal cortex is activated during tasks based on object features
(Roland et al., 1990; Fletcher et al., 1995). Interestingly, patients
with lesion in the parieto-occipital cortex may suffer from simul-
tanagnosia, the inability to consciously see more than one object
at a time; although they easily recognize the targets they perceive,
they probably have an inability to shift attention from one stim-
ulus to another, that is, a failure in the cooperation between the
parietal attentional and the object recognition systems (Farah,
1990). With brief displays, simultaneous object detection is lim-
ited also in healthy humans, supporting the view that objects, like
locations, may serve as sequentially processed attentional units
(Duncan, 1980, 1984).

Our results suggest that both objects and non-objects first evoke
similar activity and within the next 450 msec the distinction
between the stimuli emerges, rather simultaneously, in several
cortical areas, belonging possibly to both the ventral and dorsal
visual streams. Interestingly, the ~400 msec onset latency of our
alpha effect resembles the duration of an “attentional blink”
during which subsequent visual targets do not reach awareness
(Luck et al., 1996).

The two most plausible causal explanations for the shape-based
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POS reactivity are that (1) the shape recognition (“ventral
stream”) information is relayed to POS via corticocortical or
pulvinar connections or (2) objects are discriminated indepen-
dently in the ventral stream and POS. Although V6/PO contains
a high proportion of orientation-selective neurons, these are most
likely used for locating objects in space (Galletti et al., 1991)
rather than for shape discrimination. Thus it is more likely that
the ventral stream is the source of the object-discriminating
signals in POS. This would imply that the communication be-
tween the dorsal and ventral streams is bidirectional: in addition
to the dorsal-to-ventral stream effects, the information derived
from ventral stream processes may modify the dorsal stream
activity. Such bidirectionality is expected, given the abundant
cross-connections between the visual cortices (Felleman and Van
Essen, 1991).

Does the parieto-occipital alpha rhythm reflect a
functional state?

During sleep, a tonic hyperpolarization of the cellular membrane
leads to a burst firing mode of thalamic neurons and, because of
synchronous thalamocortical firing, to 7-14 Hz sleep spindles in
the cortex (Steriade and Llinas, 1988). During this oscillatory
mode, information transfer is reduced at the thalamic relay neu-
rons: the cortex is disconnected from peripheral sensory inputs
(Glenn and Steriade, 1982; Steriade and Llinas, 1988). According
to Lopes da Silva (1991), gating, a change in the functional state
of a neural assembly leading to changes in the information trans-
fer, might be one of the main roles of the oscillatory mode. In this
context, the strong alpha oscillations after non-objects (non-
targets) might reflect functional disengagement of the POS, or of
the parietal regions connected to POS, from the low level visual
cortices.

The receptive fields in monkey inferotemporal cortex are
smallest during attentive fixation (Richmond et al., 1983), sug-
gesting decreased sensitivity to new targets. Assuming that the
parietal cortex, at this stage, supports object selection to the
ventral stream, the POS alpha increase after non-objects might
reflect enhanced ventral stream sensitivity attributable to lack of
target.

The monkey inferior parietal lobule and prefrontal cortices are
densely connected (Cavada and Goldman-Rakic, 1989b) and ac-
tivated during both spatial- and object-feature-related working
memory tasks (Friedman and Goldman-Rakic, 1994). One plau-
sible explanation for the present results, in addition to varying
attentive demands, is that the salient objects activate this working
memory network to a greater extent than the non-objects. In this
case either corticocortical or common pulvinar connections with
POS could mediate the modulation of alpha rhythm.

Some earlier and the present findings could be summarized as
follows to form a framework for future experiments. The POS
cortex is an essential part of a network, which during attentive
fixation is searching for subsequent targets. If the system is
damaged, as in simultanagnosia, the nonattended objects disap-
pear from visual awareness. When the normally functioning vi-
sual system is engaged with an object, the POS is in an asynchro-
nous transfer mode and mediates information to the parietal
cortex about the next form or location to be attended to. Detec-
tion of simultaneous objects requires shift of attention; this dorsal
stream preprocessing is detectable as “interference” between
simultaneous visual targets. If the visual system is not engaged
with a target, the POS cortex is resting and the alpha rhythm
appears.
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