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which automatically call attention to themselves,
did not elicit this effect.

Regardless of which sensory system is involved,
the reinforced rhythmic synchronization in the
gamma band that we measured seems to be a good
indicator of active attention. When a person delib-
erately directs attention to a stimulus, not only do
the firing rates of individual neurons in the brain
change, but the synchronization also improves for
all the neurons taking part in the coding for the
same stimulus. We liken the effect to a symphony
orchestra that soon arrives at a common tempo
after the individual instruments begin playing.

In what ways might intentions and needs influ-
ence attention? With the help of functional mag-
netic resonance imaging (fMRI), we wanted to
locate brain regions involved in conscious percep-
tion of a target stimulus. To do so, we needed a
research technique to compare two conditions: one
that led from active attention to conscious aware-
ness of a stimulus, and a second, in which the same
stimulus did not penetrate the consciousness. We
used a phenomenon called attention blink. In the
experiment we once again displayed a series of
letters to subjects while we observed them with
fMRI. This time, however, only a single green let-
ter appeared among rapidly changing black let-
ters, and the subject had to tell us, at the end of the
test run, whether or not it was a vowel. At the same
time, the subject was to look for a black X that

popped up at different times after the green letter. | that is closely associated with conscious percep-

The Mind’s Eye Blinks

If subjects in an experi-

During the experiment, the attention of our
subjects showed clear gaps—the “blinks”—as a
result of their intentional, conscious focus on the
task [see box below]. If the black X appeared very
soon—within a third of a second—after the green
letter, about half the time the participants did not
notice it. If there was a longer period after the
first stimulus, their recognition rate improved.

At the end of the experiment, we compared
the fMRI values for each run-through in which
the subjects perceived the X with those in which it
was shown but not noticed. We saw clear differ-
ences in activity in a few brain regions, all in the
frontal and the parietal cortices. Scientists have
been aware of these regions’ importance in con-
trolling attention for a long time: for example,
some patients who suffer damage to certain parts
of their parietal cortex from a stroke can no lon-
ger pay attention to any stimuli in certain areas of
their visual fields, which means they cannot con-
sciously perceive them. We were surprised, how-
ever, when we found a difference in the limbic
system—in the amygdala, to be precise, which is
normally involved in processing emotional reac-
tions. The state of our emotional system probably
influences the control of attention and which sen-
sory signals are allowed to reach consciousness.

The experiments we describe provide another
puzzle for researchers who are seeking the neuro-
nal basis of consciousness: the gamma oscillation
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Neuronal Puppet Master

Selection network

Although consciousness

demands the collaborative

work of many brain regions,
only a few of them may watch
over what should be presented to
the mind’'s eye. A network—includ-
ing, among other regions, parts of the

frontal cortex (SFC and LFC) and parietal regions
(PR), as well as the amygdala (AMY)—seems to be
responsible for “attention gaps,” or delays in the abil-

ity to register the existence of new stimuli.

tion does not just depend on external stimuli but
also on the flexible inner dynamic of the brain.
We theorize that neurons are constantly and ac-
tively predicting where the visual stimuli they ex-
pect will appear. Fries and other researchers have
in fact measured the synchronization effect in the
visual area of animals even before they were pre-
sented with an expected stimulus. Probably, brain
regions such as the frontal cortex or the limbic
system exercise influence over synchronization in
the sensory areas [see box above].

All incoming stimuli set their own temporal
coupling patterns in motion. If these stimuli cor-
respond to those that the expectation has created,
the incoming signals are reinforced by a resonance
effect and conducted onward. If the expectations
are not met, however, the brain suppresses the in-
coming neuronal messages. This process was at
work in the gorilla experiment. The subjects were
not looking for a person in a gorilla suit. Their
brains were engaged in tracking the moving play-
ersin white. Any information about an ape that hit
their retinas was out of sync with neuronal expec-
tations, found no resonance and went unnoticed.

Neuronal synchronization brings order to the
chaotic mental world. In fact, cognitive deficits

Visual field

and disordered thoughts among schizophrenic
patients appear to be connected to disturbed
gamma-band coupling. The healthy brain is,
however, anything but a passive receiver of news
from the environment. It is an active system, one
that controls itself via a complex internal dynam-
ic. Our experiences, intentions, expectations and
needs affect this dynamic and thus determine how
we perceive and interpret our environment, M
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