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Abstract 

Background: In the Libet task, participants are asked to voluntarily press a button at a time of 
their own choice and to report subsequently the moment when they made the decision to act 
while their EEG is recorded. The action-related readiness potential (RP) found in the EEG usually 
starts before the decision time. We have argued earlier that this time paradox can be explained 
by the process of backward sampling EEG data and by participants having a higher probability of 
pressing the button during certain phases of the continuously fluctuating slow cortical 
potentials (SCP). Related to this hypothesis is the assumption that the ‘urge to act’ reported by 
participants corresponds to a negativity in the SCP signal.  
Aim: The aim of our investigation was to study the experiential contents of experienced 
meditators during positive and negative deflections of the readiness potential prior to voluntary 
movements. Furthermore, we aimed at classifying the blinded reports according to their 
phenomenological content into two distinct patterns that can be in turn correctly linked to either 
positive or negative deflections of the EEG.  
Methods: We performed a modified version of the Libet experiment with experienced meditators 
(N=17) to study this hypothesis. Based on real-time EEG analysis the task was stopped once a trial 
occurred during a clear negative or clear positive SCP. We then conducted a 
microphenomenological interview. With the help of this special interview technique, the precise 
experiential dynamics characterizing the decision moment were recalled and examined, resulting 
in a rich phenomenological description.  
Results: Diachronic analysis of the interviews revealed two distinct patterns: one in which an 
impulse to press the button was felt yet not acted out, before a second impulse was felt and acted 
upon. In the other pattern only one impulse was felt and acted upon. Based on the blinded analysis 
of the phenomenological reports, trials were classified as belonging to one of two different 
categories, i.e. positive or negative SCP. This was correct in 10 out of 17 trials (p=0.31). 
Conclusion: Our approach shows how in a neurophenomenological approach EEG data and 
phenomenological first-person data can be integrated in a systematic and meaningful way. 
Meditation can serve as a research method in the sense that meditators are able to provide 
detailed introspective descriptions on volitional processes. 
 

Keywords: Libet-Task, Neurophenomenology, Microphenomenological Interview, Slow Cortical 
Potentials, Readiness Potential 
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1 Introduction 

In 1964, Kornhuber and Deecke (1965) discovered slow negative waves preceding voluntary 
movements in human electroencephalography (EEG), which they termed readiness potential (RP; 
alternatively: Bereitschaftspotential). The RP was described as a negative potential starting 1 - 1.5 
seconds before the onset of voluntary movements. The potential was maximal at the contralateral 
precentral region. It was not until Benjamin Libet published in 1985 his seminal work on the 
timing of conscious decisions in relation to the RP which initiated a debate on free will. Libet 
(1985) showed that the decision to move voluntarily (W-time) precedes movement by ≈ 0.2s, 
whereas the RP’s onset could be detected much earlier around 0.5 − 1.5s (depending, e.g., on 
baseline reference) before the movement. A common interpretation at the time was that the brain 
has “decided” to move long before conscious awareness, leaving free will at question. Libet (1985) 
showed, however, that participants were able to inhibit button presses even after a build-up of 
the RP, which led him to believe that free will may be confined to the function of a veto. 

Jo, Hinterberger, Wittmann, Borghardt, and Schmidt (2013) showed that the commonly 
observed RPs result from an unequal ratio of negative to positive potential shifts prior to 
voluntary movements. The amplitude of the average RP was mainly influenced by this ratio: The 
more negative RPs outnumbered positive RPs, the lower the resulting average amplitude. It was 
argued that self-initiated movements are more likely during negative cortical potential shifts 
through elevated excitability of the motor cortices. However, these negative potential shifts do not 
necessarily reflect preparatory motor processes. 

This finding raises the question of the phenomenological aspect of the positive and negative 
“mode” of the RP. Why do participants tend to initiate voluntary movements during negative shifts 
rather than during positive shifts of cortical waves? What is it like to press a button during these 
modes? In an effort to gain insight into the qualitative aspects of the Libet task, Jo, Wittmann, 
Borghardt, Hinterberger, and Schmidt (2014) documented the experiential reports of an expert 
meditator and Lama from a Tibetian Buddhist tradition. The reasoning behind asking an 
experienced meditator is that giving accurate subjective reports was shown to be challenging for 
participants (Lau, Rogers, Haggard, & Passingham, 2004). Meditators show increased attentional 
control (Chan & Woollacott, 2007; Lutz et al., 2009; MacLean et al., 2010; Valentine & Sweet, 1999) 
and report content of their experience more reliably (Fox et al., 2012). Jo et al. (2014) showed that 
strong negative RPs were associated with effortless movement initiation, whereas the active 
initiation of movements was paralleled by less negative RPs. 

While this study established a directed hypothesis on how it is like to perform the Libet task, 
it is unclear whether these reports are generalizable beyond the expert. Furthermore, no direct 
link between single neural phenomena (e.g., negative potential prior to decision) and conscious 
experience was yet investigated. 

The aim of this study is to follow up on the reports of Jo et al. (2014) and Schmidt et al. (2016) 
to study the experiential contents of experienced meditators during positive and negative 
deflections of the RP prior to voluntary movements. Thereby, the negative and positive slow 
waves in the EEG can be linked directly to the reports of the participants, which has not been done 
before to our best knowledge. This is achieved by accompanying the EEG recording during a Libet 
task with a real-time analysis of the RPs, which is used to interrupt participants directly after a 
trial of interest and to conduct an interview immediately on said trial. The aim of the interview is 
to record a fine-grained experiential report on the realization of the button press, both 
horizontally (i.e., the temporal succession of events that resulted in the button press) and 
vertically (i.e., How did the decision come about? How did it feel?). 

By aggregating reports of multiple participants on the realization of voluntary movements 
during negative and positive RPs, we can come to a neurophenomenological understanding of 
these slow potentials that have changed the scientific world’s view on free will and conscious 
decisions. 
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Next to the phenomenal analysis of the subjective experience of positive and negative RPs our 
experiment also enables us to study the phenomenology of volitional action in a more general 
sense. The phenomenology of volitional action is complex and can be broken down into many 
components (Bayne & Levy, 2006; Pacherie, 2008). These include aspects such as the sense of 
agency, the experience of mental causation, the awareness of movement, or the awareness of self-
control, to name but a few. In the present case, i.e., the Libet task, participants are asked to perform 
a very specific form of volitional action. Thus, the respective frame for such a phenomenological 
approach is also restricted to a large degree. First of all, the Libet task is not about decision making 
in the sense of choosing between alternatives, e.g., coffee or tea. The action to be performed, i.e., 
lifting a finger, is already determined by the setup of the experiment. This is a major limitation of 
an experimental paradigm that is considered the most important empirical approach to free will 
(e.g., Klemm, 2010). Moreover, the Libet task is not about whether or not to perform an action. 
This decision to perform the action was already made when starting a Libet trial. The participant 
must lift the finger once in each trial. What remains as a free and volitional element in the Libet 
task is the timing of a predefined action. The participant is asked to lift a finger within a given time 
frame.  

From a phenomenological point of view, the Libet task is a matter of “finding the right 
moment.” Additionally, Benjamin Libet asked his participants to note the time at which an “urge” 
or “wanting” to move occurred. This additional instruction has the effect of directing attention not 
only to the precise act of initiating the requested movement but also to an alleged preceding urge 
or impulse to do so.  

Based on the interviews we will perform microphenomenological analyses to reveal generic 
structures in order to illuminate the subjective experience of the act of volitional action in the 
Libet task. 

 
2 Methods 

2.1 Participants 

A total of 17 Participants were recruited from multiple meditation and Buddhist centers near 
Freiburg, Germany. The participants’ meditation experience (i.e., total time spent meditating) 
ranged from 206 to 16,744 hours, acquired over a time span of 6 to 40 years. 
The study was approved by the Ethics committee of the University Medical Center Freiburg, 
Germany (346/18). All participant gave informed written consent. 
 

2.2 Experimental Procedure 

The participant was informed about the Libet task. A red clock hand rotated around a clock at a 
period of 2.55 s. The participant was instructed to press the keyboard’s space bar at a time point 
of their own choosing. The participant was further instructed to not use any strategy for the timing 
of button press. Furthermore, they were asked to let the clock hand do one full rotation before 
pressing the space bar. Throughout the experiment, participants were also asked to monitor the 
position of the clock hand as they were required to report its position when they decided to initiate 
their button press. Before the start of the experiment the participant was given time to practice 
the task and ask questions. 

The experiment was divided into a short calibration period and the actual experimental/ 
interview period. During the calibration period, the participant performed the Libet task for 15 
trials. These trials were used to calculate the median RP amplitude and its variance, which was 
then used to define distinct positive (median + variance) and negative (median - variance) RPs on 
which the interviews were held. For a detailed technical explanation of the live analysis, see 
Appendix A. 

After these first 15 trials, the experiment continued seamlessly for the participant. The next 
trial in which the polarity and amplitude of the RP was distinctively positive/ negative (depending 
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on the randomized order of conditions) triggered a signal on the experimenter’s screen to start 
the microphenomenological interview. Beforehand, the participant was informed about the 
interview and was asked to recapitulate the experiences of last trial (i.e., the last button press) 
until the interview started a short moment later. 

Note, that during the experiment, the actual condition was blinded using codes (A & B). These 
codes were assigned to the two conditions at random before each experiment (e.g., A=positive, 
B=negative or vice versa). No information about the experimental condition (positive or negative) 
was available to the experimenters during the experiment, nor to the participant. 

In order to combine the qualitative data with quantitative assessments in a mixed-methods 
design, we added an experimental condition to the qualitative approach. After the completion of 
the second qualitative interview, the participant conducted another 40 trials of the standard Libet 
task. However, after each trial, the participants were asked three questions: 

1. Was the button press preceded by an inner urge or impulse? 
2. How spontaneous was the button press? 
3. How well were you able to perceive your inner processes before pressing the button? 

 

2.3 EEG Recording 

Due to Covid-19 regulations the EEG laboratory of the research group at the Medical Center, 
University of Freiburg was not feasible for conducting save research during the pandemic since 
the air circulation of the lab was too low. The setup was therefore moved to the EEG laboratory of 
the Institute for Frontier Areas in Psychology and Mental Health (IGPP). There a different 31 
channel EEG system with auxiliary recording channels for electrooculograms and respiration belt 
was there available. The stimulus presentation and the program/software for the online EEG 
analysis had to be coded for a second time since devices in the new laboratory were incompatible 
with our software solutions. A neurofeedback program called Octopus Neurofeedback was 
implemented from ground up for this project. It allowed us to simultaneously record, process and 
visualize EEG data during the modified Libet task in real time with negligible delay (≈ 100 
milliseconds). The program computed the slow cortical potentials when the participant pressed 
the button and decided when to start the interview. The program and EEG setup were tested in 
two separate pilot sessions. 

2.4 Microphenomenological Interview 

The microphenomenological interview (Petitmengin, 2006) is a technique to uncover deep 
vertical experiences of interviewees. It is based on the concept of re-evocation or re-enactment of 
experiences, guiding the interviewee closely to one singular moment of their own experience. The 
technique is suitable to uncover the experience of what it is like to press the button in the Libet 
experiment since it allows the interviewer to precisely pin down how the decision to press the 
button was formed. 

Our interview technique was first tested and refined. After extensive piloting, we decided for 
a duration of ≈ 20 minutes per microphenomenological interview. A moch interview was held 
before the actual experiment started to familiarize the participant with the procedure. The 
participants were asked to spell the word elephant mentally as a primer to the interview 
technique. Once they finished, the interviewer then conducted a microphenomenological 
interview on to pin down how the mental representation and spelling was accomplished 
according to the participants’ experience. 

The interviews in the actual experiment were recorded using a mobile audio recorder “Zoom 
H2”. The audios were later transcribed into text and organized using “otranscribe”. 

2.5 Agency Analysis 

Each participant gave one interview on the button press during a negative RP and one during a 
positive RP. The pairs of interviews were analyzed regarding agency, i.e., the sense of ownership 
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of actions by an analysis based in microphenomenology. Agency analysis is particularly suited to 
analyze the present corpus of experiential reports since it allows to delineate actions with 
perceived ownership (“I pressed the button because the experiment was running late.”) from 
those without (“A strong impulse prompted me to press the button.”). The 
microphenomenological analysis technique allows to go very deep into one specific moment and 
to reveal the diachronic and synchronic structures of the description. Note, that the assignment of 
conditions to interview files was still blinded at this stage and was only revealed after the analysis 
for the statistics.  
The microphenomenological analysis of the audio recordings of the micro-phenomenological 
interviews followed the approach of Claire Petitmengin (Petitmengin et al., 2019) and entailed the 
following analysis steps:  
1. Transcription 
2. Numbering 
3. Revision 

- Sorting out satellite dimensions 
- Quality assurance 

4. Chronological reorganization 
5. Development of diachronic structures (what happens in sequence) 

- Identification of the phases 
- Subdivision into sub-phases 

6. Development of synchronous structures (what happens at the same time)  
- Identification of the groups 
- Subdivision into subgroups 

7. Combination of diachronic and synchronic structures 
 
2.6 EEG Analysis 

Using Matlab (Mathworks, USA) and the fieldtrip toolbox (Oostenveld, 2011), EEG data was 
analyzed offline in parallel to the online (real-time) analysis: Trials were segmented (-2.5s bis 
+1s), baseline corrected and re-referenced to linked mastoids. To retain the full spectrum of the 
evoked activity, an FIRws low-pass filter with cutoff at 40 Hz was applied (instead of IIR 0.5 Hz 
low-pass applied online to isolate slow oscillations).   
 

2.7 Statistics 

All participants underwent two interviews on the two different events (positive RP & negative 
RP). Based on the results of the agency analysis, the interviews were sorted into two classes with 
distinctive patterns. These differencing patterns were created by comparing the pairs of 
interviews for structural and repeating differences (within as well as between participants). Once 
the two classes were defined each pair of interviews was classified. Thereby the analysing blinded 
person (RW) decided which of the two interviews matched the first class and which the second. 
Next three randomly selected pairs of interviews together with the verbal description of the two 
classes were given to three raters (PB, SS, MT) to check for reliability.  
Finally the interviews were unblended regarding their condition (i.e. belonging to a 
positive/negative RP). A suitable statistical test is based on the binomial distribution since under 
the null hypothesis H0 the assignment of each participants’ reports can be considered a Bernoulli 
experiment (e.g., coin flip). Using a binomial test with 17 participants and a probability of correct 
assignment of 50% (chance level) we find that the reports of 13 out of 17 participants need to be 
assigned correctly to be considered statistically significant at α = 0.05, resulting in p = 0.025. 
Correct assignment of reports of only 12 participants would increase the p-value slightly above 
the threshold to p = 0.072. 
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3 Results 

The experiment was scheduled for 2021 but was delayed due to Covid-19 lockdowns and the 
resulting low willingness to participate in experiments. Thus, all measurements (EEG and MPI) 
took place in 2022. A total of 17 experienced meditators participated in the experiment. All 34 
interviews (2 × 17 = 34) were transcribed and analyzed according to the agency analysis scheme 
(Bethmann, 2012; Gorlin & Bekes, 2021).  
 

3.1 Agency Analysis 

The total of  34 interviews (17 participants with two interviews each) were analysed by Rebekka 
Weiss (RW) under the supervision of Prisca Bauer, a specialist in microphenomenology. The 
analyses focused mainly on illuminating the process by which an action or train of thought arises, 
rather than concentrating on the event itself. It is therefore about how and less about what 
happens.  
The evaluation resulted in two generic structures (structure A and B), with group A containing 
five phases and group B containing two additional phases, making a total of seven phases. 
Structure A resulted in the phases 1) waiting, 2) tension build-up, 3) decision, 4) key press and 5) 
tension drop.  
Structure B contained the phases 1) Waiting, 2) tension build-up 3) doubts and stopping, 4) 
Tension build-up (2nd time), 5) Decision, 6) Key press and 7) Tension drop.  

 
Figure 1: Graphical display of the two structures A and B 
 
After analysing each interview in detail, RW divided them into two categories or groups according 
to patterns differentiating them: 
Group 1: faster/spontaneous/direct 
Group 2 : slower/more deliberate/controlled 
This classification referred to the description of the moment before the button was pressed, when 
the participants felt the urge to press the button. It resulted from the overall report of the 
respective individual description of the test participants experiences. The respective urge was 
perceived differently by the participants - sometimes it was more spontaneous, direct and faster 
and sometimes more controlled, more deliberate and slower.  
Interview 15_1 is an example of Group 1: respondent "(...) so it's like an arrow that I just shoot in 
that direction, where it then takes priority (...)"(Interview S15_1, lines 110f., translated from 
German). 
For Group 2: "Respondent [00:33:49] Well, I do think that there is a kind of practical, a kind of - 
perhaps very, very, very, very subtle initiation, so to speak, a kind of increasing (hesitant) tension, 
you could almost say" (Interview S10_2, lines 94ff., translated from German). 
As each participant was interviewed twice, the classification for both interviews was carried out 
separately and divided into 1 and 2. At this stage RW was still blind to the real condition.  
After completing the analysis and classification of all interviews, three members of the research 
team (Stefan Schmidt, Prisca Bauer, Fynn-Mathis Trautwein) were each presented with three 
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randomly selected interviews to assess for the reliability of classification. All three confirmed the 
classification in accordance with categorizations suggested and classified by RW. 
After breaking the code 10 out of 17 interviews were correctly assigned to the respective 
condition, i.e group 1 to the negative SCP and group 2 to the positive SCP. The Binominal test was 
not significant for this hit rate (p=0.31). 
 

3.2 EEG-Analysis 

Offline analysis and screening of the data demonstrated high amplitude low frequency drifts in 
one subject that are most likely to have impeded correct online classification of the ERP (see 
Appendix B). Furthermore, for a second subject, recordings from one of the conditions was 
corrupt and TP10 reference electrode in the second condition evidenced high frequency noise. 
These subjects were excluded from further analysis of the EEG data, including the neuro-
phenomenological evaluation of correlation between ERP conditions and phenomenological 
classification.  

 
Figure 2: Grand averages ERPs and topographies for calibration trials (blue), the selected 
positive trial (red) and the selected negative trial (green). 
 

As shown in Figure 2 the grand averages and topographies show a typical readiness potential for 
the calibration trials, while a clear negative and a clear positive deflection is seen in the respective 
single trial conditions. Note that the grand average potential in the positive condition initially 
shows a strong positive trend, which, however, reverses into the opposite direction at around 1.5 
seconds. This pattern indicates that the selection of a positive potential in this condition was only 
partially successful and should be taken into account when interpreting the results. In contrast, 
the negative conditions shows successful selection of trials with a steady increase of the negative 
potential, with a similar topographic distribution around central electrodes.  
 
 

4 Discussion 

We performed the classical Libet task with experienced meditators. To test the slow cortical 
sampling hypothesis proposed by our research group (Schmidt et al. 2016), we interrupted the 
Libet task immediately after a participant performed a trial with either a distinctly positive or a 
distinctly negative Readiness Potential,  and conducted microphenomenological interviews on the 
experience of this particular trial.  
Our qualitative analysis revealed two generic structures of the process of volitional action 
initiation. One consisted of five phases and the other one of seven. The two structures share five 
phases, the additional two phases in the longer structure refer to the process of having doubts and 
stopping the action initiation for a short moment, before continuing. It is worth noting that there 
may also have been many instances where such doubt and stopping could have led to the abortion 
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of the action initiation process. However, due to our design, which called for interviews only after 
the occurrence of a manifest action, such cases escaped our analyses. 
This is to our knowledge the first phenomenological analysis of volitional action within the Libet 
task. Thus it is difficult to align these descriptions to the existing literature. With respect to our 
first study with the experienced meditator Tilmann Borghardt (Lama Lhündrup) our participants 
did only slightly report accounts matching his descriptions of an upcoming urge.  
To our knowledge, this is the first phenomenological analysis of volitional action within the Libet 
task. It is therefore difficult to compare these descriptions with the existing literature. With regard 
to our first study with the experienced meditator Tilmann Borghardt (Lama Lhündrup), our 
participants only marginally reported accounts that matched his descriptions of an impending 
urge.  
With respect to the two different conditions (negative or positive RP), our analysis revealed two 
different patterns. One described action initiation as a fast, spontaneous and direct process, while 
the other was slower, more deliberate and more controlled. Based on the slow cortical sampling 
hypotheses, we assumed that the faster pattern belonged to negative RP and the slower one to 
positive RP. This was correct in 10 out of 17 cases. As this finding, although pointing in the right 
direction, was not significant, the results could be due to chance. Obviously, the differences 
between the two conditions did not lead to strikingly different phenomenal experiences for the 
participants.  
Our EEG analyses revealed the expected patterns seen in many Libet tasks, both in terms of timing 
and topographical distribution of the SCP. While RPs are usually obtained by averaging 
approximately 40 trials per participant, here we took data from only one trial and one condition 
per participant.  Averaging these trials per condition over the 17 participants resulted in a typical 
RP for the negative condition. However, in the positive condition, the respective potential only 
showed a positive trend initially, before turning negative about 1.2 seconds prior to action. 
This pattern did not replicate our findings from Jo et al. 2013 as expected. Apparently, the online 
analysis was not sensitive enough to select only those trials that also showed a positive trend in 
the second half of the 2.5 second epoch prior to action. The selection algorithm was used for the 
first time in this procedure. It clearly discriminated between positive and negative potentials (see 
Figure 2), but it was not able to ensure that the positivity was maintained even though the time 
course of the 2.5 seconds preceding the action. This failure may explain why the blinded 
classification of phenomenal reports did not yield a significant result.  Subsequent studies will 
need to adjust the selection procedures to obtain a more distinctive pattern for this design. 
Our EEG analyses revealed the expected patterns seen in many Libet task, with respect to timing 
as well as with respect to the topographical distribution of the SCP. While usually RPs are obtained 
by averaging approximately 40 trials per participant here we took only data from one trial and 
one condition per participant.  Averaging these trials per condition revealed a typical RP for the 
negative condition. However, in the positive condition the respective potential showed only 
initially a positive trend before turning to a negative trend at about 1.5 seconds prior to action. 
This pattern did not replicated as expected our findings from Jo et al. 2013. Obviously the online 
analysis was not sensitive enough to select only trials that show also a positive trend in the second 
half. The respective selection algorithm for this procedure was used for the first time. It clearly 
differentiated between positive and negative potentials (see Figure 2) but it was not able to secure 
that the positivity was maintained although the time course of the 2.5 seconds preceding the 
action. This failure may be one explanation why the blinded classification of the phenomenal 
reports was not able to obtain a significant finding.  Subsequent studies need to adjust the 
selection procedures in order to arrive at more distinctive pattern for this design.  

 

  



9 

References 

Bayne, T., & Levy, N. (2006). The feeling of doing: Deconstructing the phenomenology of agency. In N. Sebanz & W. Prinz 

(eds.), Disorders of Volition. The MIT Press. https://doi.org/10.7551/mitpress/2457.003.0004 

Bethmann, S. (2012). Agency: Qualitative Rekonstruktionen und gesellschaftstheoretische Bezüge von 

Handlungsmächtigkeit. Beltz Juventa. 

Chan, D., & Woollacott, M. (2007). Effects of level of meditation experience on attentional focus: Is the efficiency of 

executive or orientation networks improved? The Journal of Alternative and Complementary Medicine, 13(6), 

651–658. 

Fox, K. C., Zakarauskas, P., Dixon, M., Ellamil, M., Thompson, E., & Christoff, K. (2012). Meditation experience predicts 

introspective accuracy. 

Gorlin, E. I., & Békés, V. (2021). Agency via Awareness: A Unifying Meta-Process in Psychotherapy. Frontiers in 

Psychology, 12. 

Jo, H.-G., Hinterberger, T., Wittmann, M., Borghardt, T. L., & Schmidt, S. (2013). Spontaneous EEG fluctuations determine 

the readiness potential: Is preconscious brain activation a preparation process to move? Experimental Brain 

Research, 231(4), 495–500. doi: 10.1007/s00221-013-3713-z 

Jo, H.-G., Wittmann, M., Borghardt, T. L., Hinterberger, T., & Schmidt, S. (2014). First-person approaches in neuroscience 

of consciousness: Brain dynamics correlate with the intention to act. Consciousness and Cognition, 26, 105–116. 

doi: 10.1016/j.concog.2014.03.004 

Kornhuber, H. H., & Deecke, L. (1965). Hirnpotentialänderungen bei Willkürbewegungen und passiven Bewegungen des 

Menschen: Bereitschaftspotential und reafferente Potentiale. Pflüger’s Archiv für die gesamte Physiologie des 

Menschen und der Tiere, 284(1), 1–17. 
Lau, H. C., Rogers, R. D., Haggard, P., & Passingham, R. E. (2004). Attention to intention. science, 

303(5661), 1208–1210. 

Libet, B. (1985). Unconscious cerebral initiative and the role of conscious will in voluntary action. Behavioral and brain 

sciences, 8(4), 529–539. 

Lutz, A., Slagter, H. A., Rawlings, N. B., Francis, A. D., Greischar, L. L., & Davidson, R. J. (2009). Mental Training Enhances 

Attentional Stability: Neural and Behavioral Evidence. Journal of Neuroscience, 29(42), 13418–13427. doi: 

10.1523/JNEUROSCI.1614-09.2009 

MacLean, K. A., Ferrer, E., Aichele, S. R., Bridwell, D. A., Zanesco, A. P., Jacobs, T. L., ... Shaver, P. R. (2010). Intensive 

meditation training improves perceptual discrimination and sustained attention. Psychological science, 21(6), 

829–839. 

Oostenveld, R., Fries, P., Maris, E., & Schoffelen, J. M. (2011). FieldTrip: Open source software for advanced analysis of 

MEG, EEG, and invasive electrophysiological data. Computational Intelligence and Neuroscience, 2011. 

https://doi.org/10.1155/2011/156869 

Pacherie, E. (2008). The phenomenology of action: A conceptual framework. Cognition, 107(1), 179–217. 

https://doi.org/10.1016/j.cognition.2007.09.003 

Petitmengin, C. (2006). Describing one’s subjective experience in the second person: An interview method for the 

science of consciousness. Phenomenology and the Cognitive Sciences, 5(34), 229–269. doi: 10.1007/s11097-006-

9022-2 

Petitmengin, C., Remillieux, A., & Valenzuela-Moguillansky, C. (2019). Discovering the structures of lived experience. 

Phenomenology and the Cognitive Sciences, 18(4), 691–730. https://doi.org/10.1007/s11097-018-9597-4 

Schmidt, S., Jo, H.-G., Wittmann, M., & Hinterberger, T. (2016). ‘Catching the waves’ – slow cortical potentials as 

moderator of voluntary action. Neuroscience & Biobehavioral Reviews, 68, 639–650. 

https://doi.org/10.1016/j.neubiorev.2016.06.023 

Valentine, E. R., & Sweet, P. L. (1999). Meditation and attention: A comparison of the effects of concentrative and 

mindfulness meditation on sustained attention. Mental health, religion & culture, 2(1), 59–70. 

 

 

  

https://doi.org/10.7551/mitpress/2457.003.0004
https://doi.org/10.1016/j.cognition.2007.09.003
https://doi.org/10.1016/j.neubiorev.2016.06.023


10 

5 Appendix A 

The following section gives a detailed description of the live EEG analysis system. 

Using the remote data access (RDA) functionality of the Brain Vision Recorder software, the 
raw EEG data was streamed to an internal port of the PC via the transmission control protocol 
(TCP). The data was analyzed in (near-) real-time using an open-source software developed in-
house called octopus1. The purpose of the software was to discover the neural events about which 
the subject was to be interviewed. These neural events, as described earlier, were readiness 
potentials (RPs) with distinct positive or distinct negative deflection. First, the software required 
some calibration such that distinct positive/negative RPs could be correctly identified. Therefore, 
the participants first performed the Libet task for 15 button presses. After each button press, the 
software collected the EEG data 2.5 seconds prior to the button press. First, the signal was 
baseline-corrected by subtraction of the mean amplitude within the interval 2.5 to 2.25 seconds 
prior to the button press. The data was then re-referenced to averaged mastoid reference using 
the channels TP9 and TP10. Finally, the signal was filtered using an infinite-impulse response (IIR) 
low-pass filter at 0.5 Hz. The resulting preprocessed data was then averaged in the interval -2.5 to 
0 seconds before the button press at electrode Cz, which yields the mean excursion of the RP. 

Note, that the whole analysis was done during the experiment (near real-time), i.e., this 
averaged RP value was calculated immediately after each button press. After 15 button presses, 
the numerical thresholds for distinctively positive and negative RPs were calculated as follows. 
First, the average RP amplitude (µ) was calculated using the median. Next, the variance (σ) of the 
RP was calculated using the median absolute deviation. Note that the median absolute deviation 
systematically underestimates the standard deviation by a constant factor (1.4826), which was 
adjusted by the software. The rationale behind using the median and median absolute deviation 
was to mitigate the effect of outliers in the data. A trial triggered an interview if the average 
amplitude was beyond µ ± σ. In order to avoid outliers, an upper limit of µ ± σ · 2.5 was not allowed 
to be exceeded. See Fig. 1 for a visualization of the criteria on surrogate data. 

 

Figure 1: Readiness Potential Distribution and Decision Criteria. A histogram showing 
surrogate data of 15 averaged RP values in µV. Solid vertical lines depict the thresholds (±1SD) 
and the dashed vertical lines depict the outlier criterion (±2.5SD). Only RPs whose average value 
were between the left solid line and the left dashed line (condition negative) or the right solid line 
and the right dashed line (condition positive) was considered adequate for an interview. 

                                                             
1 source code: https://github.com/LukeTheHecker/octopus 

https://github.com/LukeTheHecker/octopus
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Appendix B 

 
Figure 2: Event-related time courses at electrode Cz for one subject with artifactual data. 

Different colors show single trials from the calibration phase (blue) as well as positive 

(red) and negative (blue) ERP conditions. The low frequency drifts observable in the data 

are likely to have impeded correct classification of the trials. 
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Final report 

Table highlighting the differences between expected and achieved output indicators 

 

Expected and achieved output indicators (number of actions) 

Output indicators 
Expected (according to 

application) 
Achieved 

Advanced training: PhD theses 1 0 

Advanced training: Master theses 
  

Advanced training: Other 
  

Organization of seminars and 

conferences 

  

Book 
  

Book chapter 
  

Conference presentation 1 2 

Conference paper 
  

Journal article 2 1 

Other (specify) 
  

Notes:  
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