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A commentary is given on Trevena and Miller (2010). The comparability of their experi-
mental task and of the potential they recorded with those used and recorded by Libet, Glea-
son, Wright, and Pearl (1983a) is questioned. An interpretation is given for the similarity of
event-related potentials recorded when subjects decided to move and when they decided
not to move.

� 2009 Elsevier Inc. All rights reserved.
Trevena and Miller (2010) present an interesting experimental study of the neural correlates of volition and motor action.
They studied the electrophysiological correlates of a decision about whether or not to make a movement at an indicated mo-
ment. Following the method introduced by Kornhuber and Deecke (1965) and used by Libet, Gleason, Wright, and Pearl
(1983a); Libet, Wright, and Gleason (1982, 1983b), they averaged EEG tracings obtained before and after subjects made a
conscious decision involving a motor act. Their results are brought to bear on Libet’s conclusion that there is an unconscious
initiation of voluntary motor acts. This conclusion was based on Libet’s finding that a specific neural activity (the earlier part
of the readiness potential, RP) was already present before the time that he identified as being the moment of the subject’s
decision (Libet, 1985; Libet et al., 1983a). Libet’s method of timing the intention to move is questionable (Gomes, 1998;
Gomes, 2002a; Gomes, 2002b), but the mere facts that the RP is relatively long and subjects were instructed to move imme-
diately after the decision may be sufficient to justify the conclusion about unconscious initiation (Gomes, 1998; Gomes,
1999). Since in Trevena and Miller’s (2010) experiments no difference was found in the neural activity preceding the choice
to move or not to move, the authors claim that Libet’s conclusion is not warranted.

However, the following two questions must be addressed. First, is the subject’s decision involved in the present study
really comparable to the one studied by Libet? Second, is the neural potential registered in this study similar to the one re-
corded by Libet? A negative answer to these questions would certainly cast doubt on the relevance of Trevena and Miller’s
study, interesting as it is, on the question of the unconscious initiation of action.

As regards the first question, we should ask what is to count as a spontaneous decision. In Libet’s experiments, subjects
spontaneously decided when to make a given voluntary movement (within a certain time window). By contrast, in Trevena
and Miller’s (2010) experiments, the moment of the decision was determined by the experimenter. In their words, ‘‘partic-
ipants were instructed to make the spontaneous decision only when they heard a temporally-unpredictable tone, and then
either tap a key quickly or to make no movement at all”.
. All rights reserved.

). Brain preparation before a voluntary action: Evidence against unconscious movement initiation.
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A different kind of spontaneity is therefore involved here. The decision can no doubt be called ‘spontaneous’, since it was
not predetermined that the subject should make the movement or refrain from making it. However, the moment of initiating
the action was not spontaneous. Thus, it can hardly be seen how the results obtained here can be relevant for the question of
the spontaneous initiation of a movement, that is, of the decision to make a movement at a moment which was not prede-
termined, but is determined by the subject herself.

Concerning the second question, we must look at the experimental results obtained. Trevena and Miller (2010) state:
‘‘From the EEG activity, Libet et al. extracted a movement-preceding negativity called the ‘readiness potential’ that they as-
sumed was a specific reflection of preparation to make a voluntary movement” and ‘‘Their argument is weakened by the cur-
rent finding that EEG negativity prior to a decision to move does not differ from that before a decision not to move”. It
appears, though, that the negativities obtained by the two experimental paradigms are quite different. This is clearly seen
in comparing Trevena and Miller’s Figs. 1 and 2 with Libet, Wright, and Gleason’s (1982) Fig. 2, Libet et al.’s (1983a)
Fig. 2, Libet, Wright, and Gleason’s (1983b) Fig. 2, or Libet’s (1985) Fig. 1.

The negativity that precedes the decision in Trevena and Miller’s experiments is small and develops very slowly. The neg-
ativity that precedes freely-initiated movements in Libet’s experiments is the RP, a distinct, much larger and less slowly
developing waveform. The two negativities differ in amplitude and in time course. The one recorded by Trevena and Miller
scarcely reaches �2 lV while the RP recorded by Libet may easily reach �10 lV. The former increases smoothly and contin-
ually, in linear form, since the beginning of the recording (more than 2500 ms), while the latter can be clearly distinguished
from the tracing preceding it and begins only 550 ms on average prior to movement onset (Libet et al., 1983a, p. 636). The RP
is much more similar to the waveform that appears after the tone that signals the moment where the decision should be
made.

To appreciate the differences between the two experimental paradigms, a closer look is needed into the nature of the
tasks involved in them. In Libet’s, subjects were asked to perform a predetermined act at a moment of their own decision.
Since they were asked to perform the movement immediately after deciding to do so, a relatively long neural preparation
preceding the movement might indicate that this preparation was unconsciously initiated (Gomes, 1998; Gomes, 2002a;
Gomes, 2002b). In Trevena and Miller’s, by contrast, subjects were asked to attend to an auditory tone (presented at an
unpredictable moment within a time window), and to decide at this moment whether they would perform a given move-
ment or not. Such conditions are similar to those that elicit the potential known as the contingent negative variation
(CNV) (Walter, Cooper, Aldridge, McCallum, & Winter, 1964). The appearance of the clock on the screen may be considered
as the warning stimulus and the auditory tone as the imperative stimulus of a CNV experiment. The negativity preceding the
tone can thus be seen as a CNV.

Trevena and Miller (2010) discuss CNVs, stressing that they do not merely reflect an anticipation of a sensory stimulus,
but are sensitive to motor response preparation. They cite Brunia (2003) who states that ‘‘the CNV is also a movement-pre-
ceding negativity (MPN), just as the Readiness Potential (RP)”. However, the CNV may also be present in the absence of any
movement, actual or intended, so it is not just a movement-preceding negativity. Moreover, even when movement prepara-
tion is present and increases the amplitude of the CNV, the experimental situation and the characteristics of the potential are
quite different from those of the RP. Concerning the former, we have the absence of the warning and imperative stimuli in
the RP situation. Concerning the latter, Grünewald, Grünewald-Zuberbier, Netz, Hömberg, and Sander (1979) found similar-
ities between the late CNV and the RP, but differences as regards the early CNV; Cui et al. (2000), using high resolution DC-
EEG techniques, found important differences between the late CNV and the RP; and Hamano et al. (1997), using implanted
subdural electrodes, showed that CNV and RP have a different distribution of brain generators.

Trevena and Miller (2010) state that the negativity preceding the tone ‘‘seems to indicate a general ongoing involvement
of the participant with the task—perhaps anticipation of the tone”. This seems reasonable, but does not apply to the RP,
which does not involve any expectation of an imperative stimulus and is not started by any warning stimulus.

Since there are important differences between the negativities that precede the decision in the two experimental series
and also between the psychological situations of decision-making involved in each, it is highly questionable whether Trevena
and Miller’s experiments do in fact provide evidence against the unconscious initiation of movements performed at a spon-
taneously determined moment.

I believe that one of the most interesting results in Trevena and Miller’s (2010) study concerns, not the negativity that
precedes the tone, but the potential that follows it, and particularly the fact that this potential (at the vertex) is very similar
whether the subject chooses to move or not to move. This finding is similar to what was found in Libet’s ‘veto’ experiments.
In these, subjects had to prepare to perform a movement at a preset time and ‘‘veto” this intention 100–200 ms before this
time (according to the clock they were observing) (Libet et al. 1983b). This elicited an RP, although no movement occurred.

To see why they are similar, let us proceed in our examination of the subjects’ task in Trevena and Miller’s experiment.
They are asked to wait for the tone, and when it is presented, either to make the movement (in the ‘‘always move’ series) or
to choose whether to make the movement or not (in the ‘sometimes move’ series). Thus, before the tone is presented, the
subject is waiting for it and ready to start the neural activity that will directly cause the movement. Then the tone is pre-
sented (zero time on the EEG tracings). This does not mean that the subject has consciously perceived the tone at zero time.
Consciousness takes some time to be accomplished. Neither should it be supposed that the subject needs to be conscious of
the tone to decide whether to move or not.

In the ‘sometimes move’ series, subjects most likely have already prepared themselves to either start the movement or
not. In order to be prepared to either start the movement or not, they must be prepared to start the movement. Therefore, the
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early neural processing of the auditory tone can hardly fail to automatically trigger the initiation of the neural events leading
to the movement, which will then be inhibited or not, according to the subject’s decision. This inhibition of the neural events
leading to the movement is probably similar to what occurred in Libet’s veto experiments.

Trevena and Miller’s subjects were asked to try not to decide in advance whether they would move or not. As suggested
above, however, such a simple choice should not be supposed to require the intervention of consciousness. It may be made
automatically, upon detection of the tone, since it was consciously planned in advance (even if the subject did not con-
sciously plan which option to choose).1 It may thus be supposed that the activation (and inhibition, if it is the case) of the neu-
ral preparation for movement, after the tone, may occur even before the subject becomes conscious of the tone.

When the subject chooses not to move, the presence of a neural potential usually associated with movement preparation
is in striking contrast to the absence of movement. Movement is absent in reality, but the neural potential seems to be re-
lated to the presence of movement in the subject’s mind, as one of the options between which she is choosing. The subject
thus seems to be preparing to move, deciding not to move and consequently inhibiting this readiness to move.

Future studies might investigate interesting variations in the experimental set-up. For example, one could have a ‘decide
in advance’ control situation, in which subjects would be instructed to decide at the beginning of the trial whether they
would move or not at the tone. Another control situation might have the subjects decide at the tone, but only move (if they
had so decided) after a delay. These variations might produce interesting effects on the event-related potential, both before
and after the tone.
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