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My reaction to Prof. Kihlstrom is very positive. I agree with his emphasis on the importance of the
unconscious. In the brain we have both conscious and unconscious processes and both are important.
There are always numerous processes in our brain running in parallel and overlapping and do a lot of
work we are not consciously aware of. These are our subroutines and expert systems that also are
modelled by evolution. In the metaphor of an iceberg, consciousness is only its tip over the water
surface, the vast majority is under water, is unconscious.

I will explain why nature had to introduce a mechanism like consciousness in the later course of the
evolution. In order to render the individual capable of acting properly in its environment,
consciousness is very restrictive. It has to be. I will give an estimate of the channel capacity (Wiener
1948) of consciousness, and we will be surprised how low it is. Between the information flow in our
senses and consciousness there is a selection — of course again organized unconsciously — of the most
important. It is filtering but very intelligent filtering resulting in condensing the information by at least
four orders of magnitude. On the basis of a handy “stage” of events that can be overviewed — similar to
a commando bridge on a ship — we remain capable of acting.

Consciousness is an essential brain function of higher animals and man, and it is a strong tool we have.
It enables us — on the background of immense knowledge — to act prudently or to solve problems with
a general view. It is by no means a mere epiphenomenon. A patient after brain injury who does not
regain consciousness cannot — even if he survives for years — compensate his handicaps, if he wakes up
out of coma into consciousness, he can learn, cooperate with the physio- and ergotherapist and
partially regain lost functions, also by the help of other brain areas taking over. Our brain is an
enormously complex something — it can be called the most complex 1'2 kg of the universe — in which
many things are tried spontaneously. What of these trials has continuance, depends on its testing in the
external world. Without this permanent probation and corroboration our brain would be not
manageable. The reason that our consciousness is so important is not only that it facilitates learning,
choice selection and freedom of decision but also that it does not do everything alone, rather it
delegates most of the agenda to unconscious routines. Such routines are overtrained expert systems
which became available in the animal kingdom long before man. These routines work unconsciously
but in case of novelty and new demands consciousness can be brought in again. To load all
information processing into consciousness would mean to extremely overcharge it. That consciousness
is not among the early birds but gets up later does not lessen its effectiveness — on the contrary it is
sheltered against many chance processes of neuronal activity and undisturbed by false alarms by pre-
establishing thresholds and filters so that it is set free for the really important matters. Thus,
consciousness contributes a lot to creativity of man. Devaluation of consciousness, e.g. declaring it an
epiphenomenon, is not helpful (also cf. Delacour 1997, for theory of consciousness cf. Steinbuch 1965
and Dennett 2005). So important consciousness is, it is not the only operational basis in the brain.

We are now in the position to see the experiments of Libet et al. (1983) in a new light, to be more
precise their interpretation by Libet. By using the Bereitschaftspotential (BP) method (Kornhuber &
Deecke 1964, 1965), Libet et al. (1983) let their subjects perform so called introspection. To his own



surprise, as Benjamin said, these experiments showed that the BP is not, right from the beginning,
accompanied by a conscious awareness about the intention of movement. Libet’s experiments are
taken by some neurobiologists to advocate a total determinism (e.g. Roth 2001, Singer 2003). In order
to facilitate such introspection, Libet instructed his subjects they should by means of a clock (2,4 sec
per revolution) retrospectively remember the instance at which they had the conscious sensation “now
I feel the urge to move.” That means subjects had to look into themselves and say retrospectively when
on the clock the urge to move came over them. The result was that the readiness potential started some
300 - 400 msec earlier than the conscious awareness of the desire to move now. Libet's experiments —
in the meantime they have been repeated with choice reaction, but this has not brought new aspects —
are interesting und o.k., the conclusion however, that he draws, is wrong. Libet thought, since the
Bereitschaftspotential starts earlier than his subjects” inner sensation “now I feel the urge to move”
becomes aware to them, the initiation of the voluntary movement could not have been initiated by free
will. However, this is a fallacious argument: As we have heard, much in the brain is unconscious.
There is conscious and unconscious and both is important. Libet makes a mistake in thinking, or has
not thought it to the end, if he believes that consciousness and will must be coupled all the time. On the
contrary, Kornhuber and I think that — if the BP starts earlier than subjects’ conscious feeling to wish
to move — this does by no means imply that it was not our own will and intention that has inititiated the
movement. And what is more, Libets experiments did not investigate the problem of free will. The
free decision of a participant in Libet’s experiment has been made already before the start of the
experiment, namely when he gave the instruction to his subjects and they have agreed. The decision is
not made again and again prior to every single finger movement!

Our frontal brain delegates such simple, stereotyped movements to phylogenetically older parts of the
brain, e.g. the basal ganglia. These are incorporated into what is called the motor loop (cortico-basal
ganglia-thalamo-cortical loop, see below). Only in the ‘last minute’ when everything is already
prepared, the decision comes back to the cortex, in order to check whether the present moment is he
right one to start the voluntary movement, and the cortex has still time enough to make changes, i.e. to
adapt the intended movement to the actual needs including the actual situation in the external world.
These changes need consciousness, and this is the reason why consciousness is switched on ‘last
minute’ so to say, i.e. some 200 msec prior to the planned onset of movement. These changes can be
done to the extent that the movement is not executed at all. This means that the subject can say ‘no’ in
the last minute or as Libet puts it can place a ‘veto’ on the intended movement. And Libet concluded:
In the control of the movement we are free (because we can veto an intended movement!), however, in
the initiation of the movement we are unfree, he says (because the readiness potential starts earlier
than subject’s conscious awareness). Libet says: ‘Indeed, the experimental observations provide an
opportunity for the occurrence of free choice, but apparently in the form of control rather than
initiation of an act’ (Libet 1990, Libet et al. 1999).

We have heard that consciousness is a very important invention of evolution, but by far not everything
comes into consciousness, what enters our brain. There is as we have heard a lot of pre-filtering. These
shelters imply that consciousness is not always the earliest in time. This holds for motor as for sensory
systems: if we grap on a hot plate, we quickly withdraw our finger within 4-8 msec, however, only
after hundreds of msec we become consciously aware that it was hot (and painful). In motor systems it
does not come always early to consciousness that we want to make a movement, because the frontal
brain has delegated this.

Libets scientific method is in the field of Motor Psychophysics, on that we worked ourselves. Imagery
belongs to it, to see something in your mind’s eye (Uhl et al. 1990, Goldenberg et al. 1989, vgl. auch
Deecke 2005 pp. 90-97). Introspection is called what Libet demands from his subjects, i.e. to look into



yourself in order to find connexions that have to do with experiencing and elaboration of the
experienced. The question is, however, whether one can investigate everything with the method of
introspection as D. Rugg correctly commented (Behaviour & Brain Sci 1985). Libet wrote: “The
cerebral processes that precede a voluntary motor act begin some 200-350 msec before the subject is

9

aware of his/her intention or wish to ‘act-now’.

What does it mean that in Libet’s opinion the Bereitschaftspotential is not — from the very beginning —
accompanied by a conscious experience of the urge to move? In any case, one can hardly conclude
from this that man has no free will but is totally determined (Libet himself and e.g. Roth 2001). Such
deterministic position, which by the way also was Freud’s doctrine, is not tenable. In a BP experiment,
subjects make a large number of repeated movements necessary for the averaging procedure, i.e. they
are working in a certain ‘set.” The original plannning and decision is, however, not investigated by this
because this agenda has already been dispatched prior to the experiment via the experimenter’s
instruction. Here is the instruction, Libet gave to his subjects: “The subject is ... instructed to allow
each such act to arise ‘spontaneously’, without deliberately planning or paying attention to the
‘prospect’ of acting in advance. ... For each task were subjects asked to perform a simple quick flexion
of the wrist or fingers at any time they felt the ‘urge’ or desire to do so, timing was to be entirely ‘ad
lib’, i.e. spontaneous and fully endogenous.” (Libet 1985, S. 530). Subjects agreed to this instruction, gave
an ‘informed consent’ so to say.

When the experiment starts running, the subjects with the primary decision already made, perform
their movements, the simple finger movements according to instruction, one after the other until they
have reached the sufficient number for averaging, and the BP can be extracted from the noise of the
EEG. Now we understand, that the repetition of simple stereotyped movements are not particularly
suitable to investigate the question whether we have free will or not! The retrospective recall on the
‘clock of seconds’ is not what we normally do, it is somehow artificial and gives the experiment
features of a CNV experiment, i.e. the revolving pointer on the dial may serve as an external trigger for
the subject.

The conscious experience of the ‘urge’ to move is according to Libet about 200 msec prior to the
muscular contraction (Libet, 1990). This is roughly the same time as is necessary for the reaction to an
expected (auditory) stimulus. Although the decision to make a movement has been made earlier as
mentioned above, consciousness is switched on in order to make possibly necessary changes (‘/ast
minute changes’). These changes with the extreme to veto the movement entirely are the reason why
consciousness is switched on, but not the only one. The other reason is that by this we can learn
from the movement. In both cases (1. last minute changes and 2. learning) the following brain regions
are activated: The supplementary motor area (SMA, more precisely the pre-SMA), the anterior portion
of the cingulate gyrus, a part of the motor cortex (MI) and a region in the basal ganglia (Cunnington et
al. 2002).

Ross Cunnington, our guest scientist from Australia, investigated in our laboratory in Vienna the
question, whether the BP-Paradigm can be studied using functional magnetic resonance imaging
(fMR]) in an event-related manner (we call it in the meantime ‘event-related fMRI’, Cunnington et al.
1999). We were successful in recording a BP equivalent in the hemodynamic Bold-response of the
fMRI. This was realized with a 3 Tesla fMRI system. The term ‘Bereitschafts-BOLD Response’ has
been coined. BOLD means blood oxygen level dependent and measures the hemodynamic response in
its exact time course with a temporal resolution of down to 100 msec. The Bereitschafts-BOLD-
Response even resembles the Bereitschaftspotential (BP) or readiness potential in its form, it only is
delayed in time. With this method, the order of activation has been investigated and is in agreement



with the order of the neural events using EEG and MEG recordings: First the supplementary motor
area (SMA) as well as the cingulate motor area (CMA), and only later the primary motor area (MI) is
activated, exactly as postulated by Deecke & Kornhuber, 1978; i.e. the Bereitschafts-BOLD-Response
has an early and a late component just like BP1 (early BP) and BP2 (late BP), whereby the early is
generated by the SMA/CMA complex, the late component by the primary motor cortex MI. It is good
to know from Libet now, that the activity of SMA/CMA is unconscious as is the activity of the basal
ganglia; however, activitation of the primary motor area (MI, generating BP2) becomes conscious.

Cunnington et al. 2000, 2002 made the important observation that activity in the sense of the
Bereitschafts-BOLD-Response can be recorded not only in the cortex but in the basal ganglia as well.
Rektor et al. 2001 and Rektor 2003 reported that they recorded with intracerebral recordings directly
from the brain a Bereitschaftspotential in the basal ganglia. These two findings are very important and
can be understood in the light of the ‘motor loop’ (cortex — basal ganglia — thalamus — cortex; cf.
Kornhuber, 1974a; DeLLong, 1990; Alexander, 1990). The activity that runs via this loop comes from
the SMA/CMA and goes to the MI — on its way obviously making use of the subroutine systems of the
basal ganglia. In this connexion, the ‘chunking hypothesis’ is noteworthy (Gerloff et al. 1997). These
interesting ‘transient lesion experiments’ that they are (cortical stimulation with high frequency trains
of magnetic stimuli) confirm very well our SMA hypothesis, in that we see in the SMA an instructor,
or supervisor or job distributor. The SMA organises sequential movements and actions in such a way
that it chunks the sequences down to handy bits and determines the appropriate time slots for their
launching, just the way a right job distributor does.

In conclusion, experiments of the Libet type cannot be considered as an argument against free will of
man. They do not investigate the problem of freedom. What would be necessary to study, is the
original planning and decision; this, however, has been completed already before the experiment has
started. Repetitions of stereotyped simple movements are not suitable for investigation into the
question whether we have free will or not.

The method of investigation that led to the discovery of the Bereitschaftspotential aimed at exploring
the intentionality of man. We believe that a total determinism does not apply for us humans. Nor does
absolute freedom. Absolute freedom is not available for us. Freedom always comes in degrees. It is
important to re-introduce volition and will into the key word thesauri of psychology, the life sciences,
neurosciences, psychiatry and philosophy. We have certain degrees of freedom in our decisions and
actions. We are talking of reasoned will (Deecke & Kornhuber 2003; Kornhuber & Deecke 2007). We
have seen that man is more than a complex of genetic and environmental influences and that our
reasoned will has goals beyond ourselves. In this sense will and volition although only
equipped with restricted freedom, are very powerful tools that have to be refined and sublimed by
every individual personality.

Conscious and unconscious processes in the brain always work together. The information processing
in the brain needs space, time and energy, it rests on cooperation in a distributed system of neurons,
but with a striving for unity.
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