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Abstract:
In recent Japanese society, we are facing a severe
increase in the number of patients who suffer from motor
paralysis and other dysfunctions. Establishing an
effective rehabilitation system for them is important, and
the key to attain this target is to clarify the mechanisms
of one’s body perception in the brain. The feeling of
controlling our action and external event is an important
aspect of body perception, and thus is a topic we have to
investigate. This feeling is called the Sense of Agency
(SoA), and in order to clarify the mechanism of the SoA,
it is necessary to clarify neuro-physiological indices that
reflect the arising of this feeling. Recent investigated the
relationship between SoA and neural activity with
event-related potential (ERP) but these studies focused
only on the feedback processing after the action-feedback
(e.g. N100, P300), while no study investigated the neural
basis of the action-preceding part during SoA paradigm.
In this research we focused on feedback-anticipation as
an action-preceding factor of SoA, and the purpose of
this research is to find a neuro-physiological indices
which reflect this factor. We hypothesized that readiness
potential (RP) would reflect this factor. In the Libet’s
clock task based experiment, two conditions which
differed in the state of the anticipations for the feedback
were prepared. In order to manipulate the anticipation,
the probability of the tone occurrence was manipulated
in each condition. Earlier and larger RP was observed
when the feedback-anticipation was inconsistent in
relative with the consistent condition, and additional
experiment by increasing the sample size is needed. Our
study is the first one that reveals the neural basis of the
action-preceding factor of SoA, and we believe that our
study will contribute to unravel the neural basis of the
SoA.
1. INTRODUCTION
In recent Japanese society, we are facing a severe increase
in the number of patients who suffer from motor paralysis
and other dysfunctions. To overcome these motor
dysfunctions, establishing an effective rehabilitation system
is important. The key to attain this target is to clarify the

mechanisms of one’s body perception in the brain. The
feeling of controlling our action and external event is an
important aspect of body perception [1], and thus is a topic
we have to investigate. This feeling is called the Sense of
Agency (SoA) [2], and in order to clarify the mechanism of
the SoA, it is necessary to find neuro-physiological indices
that reflect the arising of this feeling. There are some studies
that investigated the relationship between SoA and neural
activity with event-related potential (ERP) [3,4]. These
studies focused only on the feedback processing after the
action-feedback (e.g. N100, P300), and no study investigated
the neural basis of the action-preceding part during SoA
paradigm, although previous studies claim that
action-preceding circumstances is also an crucial factor of
SoA arising [5]. Clarifying the neural basis of this
action-preceding aspect is also important for more precise
understanding of the SoA arising mechanism.
In this research we focused on feedback-anticipation as an
action-preceding factor of SoA, and the purpose of this
research is to clarify the neuro-physiological indices which
reflect this factor. We hypothesized that readiness potential
(RP) would reflect this factor. RP is a preconscious brain
activation which precedes the voluntary action [6]. Our main
focus was the RP amplitude and the onset, which are said to
reflect action preceding factors including one’s level of
intention of action and preparatory states preceding the
action [7]. Our hypothesis was that inconsistent anticipation
for the feedback would affect these action-preceding factors
and lead to larger and earlier RP relative to when the
feedback-anticipation was consistent. In the present study,
two conditions which differed in the state of the anticipations
for the feedback were prepared in the experiment, which was
designed based on the Libet’s clock task. ERPs nearby the
actions were recorded for RP measuring.
2. METHODS
2.1 Participants
Six participants (five males and one female; mean age
24.2 years, SD = 1.1, range 22 - 25 years) took part in the
experiment. All participants gave informed consent before
the participation.

2.2 Task Design and Procedure
In order to manipulate the anticipation for the
action-feedback, we changed the probability of the feedback
occurrence during a SoA paradigm which was a modified
version of those of Libet et al. [8].

Figure 1. A timeline of a single trial is shown.

The timeline of one trial is shown in Figure 1. Each trial
began with a clock presented on the screen. A clock hand of
radius 1.3 cm appeared on the screen with the participants’
simultaneous pressing of a space key, and started rotating
with a period of 2560 ms. Participants were instructed to
make another voluntary space key pressing in their own time,
after at least one full rotation of the clock hand. The clock
hand continued to rotate for a random interval between 1.5 s
and 2.4 s after the movement. Participants’ movement was
followed by a tone of 500 Hz (presented for 100 ms) after an
interval of 100 ms with a certain probability. After this single
trial, participants were instructed to report “when you first
began to prepare your movement” in clock units.
Two conditions were prepared in this experiment, and the
probability of tone occurrence differed between these
conditions and the feedback-anticipation was manipulated by
this probability. In the consistent anticipation condition, all
participants’ movements were followed by the tone, whereas
half of the movement was followed by the tone in the
inconsistent anticipation condition. Each condition contained
40 trials with tone, meaning 40 trials in consistent
anticipation condition, and 80 trials in inconsistent
anticipation condition. Neural activities in these conditions
were compared using trials in which the movement was
followed by the tone.
2.3 Electrophysiological Recordings and Analysis
Electrical
activities
were
recorded
with
an
electroencephalography (EEG) device (g.USBamp, g.tec,
Austria) according to a modified 10-20 setting (with the
electrodes Fp1/2, F3/z/4, FC5/1/z/2/6, T7/8, C3/z/4,
CP5/1/2/6, P3/z/4, O1/2). Ground electrode was placed on
the forehead and an initial reference was placed at right
earlobe. Two channel electrooculography (EOG) was
recorded around the right eye to detect ocular artifacts. All
data were recorded at a sampling rate of 512 Hz, with a 0.1
to 100 Hz band-pass filter and a 50 Hz notch filter.

Offline analyses were conducted with EEGLAB (version
13.6.5b) [9]. Signals were re-referenced to the link of the
right and left ear lobes, and a 30 Hz low-pass filter was
applied. Continuous EEG data was segmented into epochs
ranging from - 2.5 to 1.0 s from the onset of the key press,
which was baseline corrected with the first 200 ms. Except
for the ocular artefacts, epochs that exceeded ± 100 μV at
any channels were rejected. Ocular artefacts were then
corrected using independent component analysis [10]. Trials
which participants pressed their key during the first rotation
were also excluded. Remaining epochs were used for further
analysis. Readiness potential for each participant was
calculated by averaging the epochs at Cz. RP amplitude was
evaluated using the negative peak value. Regarding the RP
onset, it was calculated using the jackknife procedure [11],
and were quantified as the time when the amplitude
exceeded 10% of the peak amplitude.
3. RESULTS
Figure 2 shows the grand averaged RP data in each
condition at Cz electrode. A student’s t-test analysis on the
RP peak amplitude revealed a significant difference between
the two anticipation conditions (t(5) = 2.656, p < .05, 1-β =
0.571). A student’s t-test analysis on RP onset revealed a
significant difference between the two anticipation
conditions (t(5) = 3.533, p < .05, 1-β = 0.804).
4. DISCUSSION
In the present study, we examined the influence of
feedback-anticipation during SoA arising on neural activity.
Our hypothesis was that larger and earlier RP would be
observed when anticipation for the action-feedback was
inconsistent, and we designed an experiment which consisted
of two conditions which differed in the state of the
feedback-anticipation. The results indicated differences in
RP amplitude and onset between the two conditions. RP
raised earlier and larger in the inconsistent anticipation
condition relative to the consistent anticipation condition
(Figure 2). Since the tone occurrence probability was 100%
in the consistent anticipation condition, participant probably
learned a robust causality between their key presses and the
tone. The attenuated RP in the consistent anticipation
condition probably reflected the stable anticipation of the
consistent feedback when the participants prepared the
action. In contrast, the amplitude of RP was larger and the
onset of RP was earlier in the inconsistent condition,
probably reflecting the larger mental effort during the motor
preparation. In addition, such mental effort during motor
preparation may contribute to feeling of agency as an
implicit factor. However, because SoA is influenced by both
predictive and postdictive factors, we do not suggest that
stable anticipation would result in stronger SoA. In summary,
anticipation of feedback of an action may influence the

Figure 2. Grand averaged EEGs at Cz electrode from -2.5 s to 1.0 s of
the key-press is shown.

mental status of motor preparation, and stable anticipation is
associated with an attenuated RP. Our study is the first one
that reveals the neural basis of the action-preceding factor of
SoA, and we believe that our study will contribute to unravel
the neural basis of the SoA.
Additionally, although we found a significant difference
between the two experimental conditions, the statistical
power was weak due to the small sample size. We will
increase the sample size in order to increase the statistical
power.
5. CONCLUSION
In conclusion, we demonstrated that the state of
anticipation for the feedback affected the RP onset and
amplitude. Earlier and larger RP was observed when the
feedback-anticipation was inconsistent in relative with the
consistent condition. Additional experiments by increasing
the sample size and with other experimental design are
required for further understanding. We believe that this study
would greatly contribute to the understanding of the neural
basis of the SoA arising.
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In recent Japanese society, we are facing a severe increase in the number of patients who suffer from motor
paralysis and other dysfunctions. To overcome these motor dysfunctions, establishing an effective rehabilitation
system is important. The key to attain this target is to clarify the mechanisms of one’s body perception in the brain.
The feeling of controlling our action and external event is an important aspect of body perception, and thus is a topic
we have to investigate. This feeling is called the Sense of Agency (SoA), and in order to clarify the mechanism of the
SoA, it is necessary to find neuro-physiological indices that reflect the arising of this feeling. There are some studies
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that investigated the relationship between SoA and neural activity with event-related potential (ERP). These studies
(not your photo)
focused only on the feedback processing after the action-feedback (e.g. N100, P300), and no study investigated the
neural basis of the action-preceding part during SoA paradigm, although previous studies claim that action-preceding
circumstances is also an crucial factor of SoA arising. Clarifying the neural basis of this action-preceding aspect is
also important for more precise understanding of the SoA arising mechanism.
In this research we focused on feedback-anticipation as an action-preceding factor of SoA, and the purpose of this
research is to find a neuro-physiological indices which reflect this factor. We hypothesized that readiness potential (RP) would reflect this factor. RP is a
preconscious brain activation which precedes the voluntary action. Our main focus was the RP amplitude and the onset, which are said to reflect action
preceding factors including one’s level of intention of action and preparatory states preceding the action. Our hypothesis was that inconsistent anticipation for
the feedback would affect these action-preceding factors and lead to larger and earlier RP relative to when the feedback-anticipation was consistent.
In the present study, two conditions which differed in the state of the anticipations for the feedback were prepared in the experiment, which was designed
based on the Libet’s clock task. In order to manipulate the anticipation, the probability of the tone occurrence was manipulated in each condition. Event
related EEGs nearby the actions were recorded for RP measuring. Earlier and larger RP was observed when the feedback-anticipation was inconsistent in
relative with the consistent condition (shown in the figure), and additional experiment by increasing the sample size is needed. Our study is the first one that
reveals the neural basis of the action-preceding factor of SoA, and we believe that our study will contribute to unravel the neural basis of the SoA.

