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Target Article

The Impact of a Landmark Neuroscience
Study on Free Will: A Qualitative
Analysis of Articles Using Libet

and Colleagues’Methods
Victoria Saigle, Institut de recherches cliniques de Montr�eal (IRCM)

and McGill University

Veljko Dubljevi�c,North Carolina State University

Eric Racine, Institut de recherches cliniques de Montr�eal (IRCM), Universit�e de Montr�eal,

and McGill University

Gathering evidence across disciplines is a strength of interdisciplinary fields like neuroethics. However, conclusions can only be
made if the evidence applies to the issue at hand. Libet and colleagues’ 1983 experiment is an interesting case study in this
problem. Despite ongoing critiques about the methods used and the replicability of its findings, many people consider Libet
and colleagues’ methodology a valid strategy to investigate free will and related topics. We reviewed studies using methods
similar to those of Libet and colleagues (N D 48) to identify its use and the evidence produced. Overall, we found substantial
variation between studies. While the Libet paradigm may be useful for examining how stimuli affect temporal judgments, the
link between this and free will or moral responsibility is not clear. Being aware and critical of the methods used to gather results
is important when applying scientific experiments to complex, abstract phenomena.

Keywords: Libet, free will, intentional binding, voluntary action, review

One of the goals of neuroethics is to see whether insights
from neuroscience can be used to inform philosophical
concepts related to the self (Racine et al. 2017). One land-
mark experiment in the field was conducted by Libet and
colleagues in the early 1980s. This experiment has been
credited as one of the first experimental techniques to
investigate “free will” (Jasper 1985; Ringo 1985; Schlosser
2014). Libet and colleagues (1983) recorded neural activity
several hundred milliseconds before participants reported
being aware of their intention to act (see Box 1). While
some scholars feel that these findings refute or place limi-
tations on the existence of free will, this study’s signifi-
cance continues to be debated (see, e.g., Anonymous 2013;
Klemm 2010; Mele 2006; Radder andMeynen 2013; Roskies
2010; Schlosser 2014). Support for the relevance of Libet
and colleagues’ (1983) findings to the debate about free
will rests on the assumption that the methods target the
underlying neural mechanisms of free will, rather than

some other phenomena. In fact, leading researchers in the
“neuroscience of free will” consider the Libet and col-
leagues paradigm to offer “one of the few viable methods
for experimental studies of awareness of action” (Haggard
2005).

Although the debate about Libet and colleagues’
method has raged for decades, we were unable to find a
review of articles using their methods. Therefore, we con-
ducted a review of articles using Libet and colleagues’
(1983) methods to summarize the data they have produced
and to identify whether the method has been replicated.

METHODS

Search Strategy

We conducted a review of articles that cited Libet et al.
(1983) and decided to expand it to include Soon et al.
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(2008) and Libet (1985) (Web of Science, June 10, 2013,
ND 323) once we realized that one paper we had identified
in preliminary searches (Soon et al. 2008) did not cite the
1983 paper. We included articles published in English, and
no duplicates were identified by Scopus Direct or Web of
Science. Database searches yielded an initial sample of 801
articles: (1) Libet et al. (1983) (Scopus Direct, June 4, 2013,
N D 300); (2) Soon et al. (2008) (Scopus Direct, June 10,
2013, N D 178); and (3) Libet (1985) (Web of Science, June
10, 2013, N D 323). We identified 21 duplicates, which
were excluded. We reviewed all remaining abstracts.

Abstract Screening

We included articles if they used methods similar to those
of Libet and colleagues (1983), focused on free will or simi-
lar terms (e.g., voluntary action, intention, volition, inten-
tional action), or mentioned the implications of Libet and
colleagues’ (1983) experiment on free will. We only
included articles that reported original research (e.g., we
excluded reviews). Articles were excluded if they did not
focus on free will. After applying the inclusion and exclu-
sion criteria, we identified 56 unique articles that used a
method similar to Libet and colleagues (1983) (N D 57
including Libet and colleagues’ 1983 experiment).

Full-Text Screening

Due to the significant variability in methods we observed
at the full-text screening phase, we decided to define the
Libet paradigm to facilitate analysis. We defined key fea-
tures of the “Libet Paradigm” (see Box 2) by analyzing the
sample and noting the features that were present in the
majority of the articles and also in Libet and colleagues’
paper. Since very few papers included all of these compo-
nents, scientific articles on free will using Libet-like meth-
ods were excluded if they did not meet three of the five

criteria. We excluded 17 articles that made it through
abstract screening on this basis. This entire search was
repeated on October 3, 2014, to capture all articles pub-
lished between January 1, 2013, and October 2, 2014. This
secondary search yielded 226 additional articles. Of
these, eight were ultimately included in our sample
(final N D 48, including Libet et al. 1983) (see Figure 1 and
Supplementary Table 1).

Data Extraction

We created a coding guide based on an initial pilot sample
(N D 8: Fried, Mukamel, and Kreiman 2011; Haggard,
Clark, and Kalogeras 2002; Haggard and Eimer 1999;
Keller and Heckhausen 1990; Lau et al. 2004; Libet et al.
1983; Sirigu et al. 2004; Soon et al. 2008) to facilitate content
analysis. Two reviewers independently coded 10% of the
entire sample using this guide to check interrater reliability
and reduce bias (four articles: Haggard et al. 2003; Miller,
Shepherdson, and Trevena 2011; Moore et al. 2010; Pockett
and Miller 2007). We discussed any differences in coding
and revised the coding strategy before proceeding further.
We captured information about (1) the methods used in
each paper (number of participants, groups, type of
recordings, neural origins of the results) and (2) the results
reported (timing of W, M, RP, and related measurements,
neural correlates reported by authors). Due to the exten-
sive variation in the methods that were used across the
articles, only information that could be compared with the
Libet and colleagues (1983) paper was extracted.1

BOX 1: OVERVIEW OF LIBET AND COLLEAGUES’ 1983 EXPERIMENT

In the original experiment, participants monitored by an electroencephalogram (EEG) were asked to make a “quick,
abrupt flexion of the fingers and/or the wrist of [their] right hand” without preplanning their action (Libet et al. 1983)
and then report the position of a rotating spot of light on a clock face (1 revolution D 2.56 sec) when they first became
aware (a) of their “wanting” to perform the movement (W) OR (b) that they had actually moved (M). The mean values
for W and M were 200 msec and 85 msec before movement, respectively. W was also reported as 150 msec after sub-
tracting a measure of participants’ subjective biases (S). Researchers compared these measurements to neural signals
(“readiness potentials” [RP]) recorded by EEG. On average, RP measurements preceded W measurements by about
350 msec. From this, Libet and colleagues concluded that the initiation of voluntary action begins before an individual
makes a conscious decision to act (Libet et al. 1983). They also speculated that the gap between W and movement initi-
ation could allow some “conscious veto power” to abort the unconsciously decided movement. Libet and colleagues
(1983) hypothesized that this veto power would preserve an individual’s conscious and voluntary control over their
actions. Libet himself stated that “in those voluntary actions . . . in which conscious deliberation (of whether to act or of
what alternative choice to take) precedes the act, the possibilities for conscious initiation and control would not be
excluded by the present evidence” (Libet et al. 1983), and, separately, that “what we have achieved experimentally is
some knowledge of how free will may operate but we have not answered the question of whether our consciously
willed acts are fully determined by natural laws that govern the activities of nerve cells in the brain, or whether acts
and the conscious decisions to perform them can proceed to some degree independently of natural determinism” (Libet
2010).

1. For example, any measurements that various articles reported
about when participants perceived the occurrence of an auditory
tone were not included here because Libet et al. (1983) did not
include auditory stimuli.
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RESULTS

To facilitate the analysis of the results, our findings are
grouped into two broad categories: (1) information about
the methods used, and (2) evidence produced by these
experiments. All analyses exclude Libet et al. (1983)
(N D 47) unless otherwise stated.

Methods Used in the Sample

Methodological Variation

Within our sample, a majority of articles identified Libet
et al. (1983) as the single source for their methods
(Table 1). More precise details about each of the articles
included, as well as how they satisfied the requirements of
the paradigm, can be found in Supplemental Tables 1
and 2.

We categorized the articles depending on how they
differed from the original paradigm used by Libet et al.
(1983) to capture the variety of methods used (see
Table 2). Five groups of articles were identified. There
was considerable variation in the aspects being mea-
sured and the components of the paradigm that were
included.

Population Type (Includes Libet et al. 1983)

Almost all studies recruited participants with no statedmedi-
cal conditions (47/48; 97.9%). Of these, 37/47 (78.7%) exclu-
sively recruited these populations and 10/47 (21.3%)
compared the results from these populations to other groups.
These other groups consisted of individuals with extensive
meditation experience (n D 2), and individuals from various
patient groups (those with brain lesions, n D 2; psychogenic
tremor, nD 1; Gilles de la Tourette’s, nD 1; deafferented neu-
rons below the neck, nD 1; schizophrenia, nD 1; Parkinson’s
disease, n D 1; and conversion disorder, n D 1). One study
only recruited epileptic patients and did not compare them
to a control group (1/48; 2.1%).

Technique Used (Includes Libet et al. 1983)

Thirty of 48 (62.5%) articles used a recording technique to
obtain their measurements; 18/48 (37.5%) relied on partici-
pant self-reports. Electroencephalogram (EEG) was the
most prevalent technique used (19/30; 63.3%), followed by
functional magnetic resonance imaging (fMRI) (7/30;
23.3%), transcranial magnetic stimulation (TMS) (2/30;
6.7%),2 depth electrodes (1/30; 3.3%) and exclusively elec-
tromyography (EMG)3 (1/30; 3.3%). Only 4/11 studies
that recruited specific populations used a recording tech-
nique. The rest used self-report measures. Conversely, 29/
47 (61.7%) studies that used healthy individuals did use a
recording technique.

Timing Reported in Each Study

The point at which data recording began (0 msec) varied
between articles. Articles defined the starting point as the
first sign of EMG activity, at the moment when a key, button,
or lever was pushed (as applicable), and many experiments
did not explicitly define their starting point. We analyzed all
measurements together regardless of the starting point. Anal-
yses were conducted using average values only as standard
deviations were not provided for all studies.

Average W Times (msec; Includes Libet et al. 1983)

W corresponds to participants’ first awareness of their
intention to act (Libet et al. 1983). In total, 27/48 (56.3%)
articles measured W (see Figure 2). Three studies (four
conditions) only provided average values in accompa-
nying figures or tables (Edwards et al. 2011; Keller and
Heckhausen 1990; Lafargue and Duffau 2008). Three
articles measured W but did not report the average value
either in figures or in text. Two of these provided a range

2. TMS is a noninvasive stimulation technique, not a recording
technique. However, as data about the timing and location of the
stimulation were obtained through the use of TMS we have cate-
gorized articles using this methodology as using a recording tech-
nique. The participants’ reported measurements for these articles
are based on self-report.
3. It should be noted that most EEG experiments also used EMG,
but only one experiment used EMG without EEG.

LIBET PARADIGM

1. Participants were instructed to look at a visual stim-
ulus that was used to measure the time of an action
or intention.

2. Subjects indicated an action or intention by identify-
ing the position of an object (e.g., letter, spot of light
on a clock face). If a clock was used, two of the fol-
lowing had to be met:
a. each revolution took 2.56 sec,
b. the face had markings that corresponded to five

minute intervals on a standard clock,
c. subjects were instructed to wait for one revolu-

tion before acting.
3. Participants were instructed to make a spontaneous,

voluntary movement at a time of their choosing. It
was specified that this movement could not be
premeditated.

4. W (awareness of “wanting” to perform an action) or
M (subject’s awareness that they had actually
moved) was measured over the course of the
experiment.

5. In each experimental condition, at least 40 trials had
to be performed to obtain the final measurement
(excludes training trials).

Box 2: The Libet Paradigm. The five items included are
aspects of Libet and colleagues’ method that were the
most frequently replicated across the article in our pri-
mary sample (N D 57). Three of five had to be present
for an article to be included. The items were chosen to
facilitate comparisons between similar articles.

Impact of a Landmark Neuroscience Study on Free Will
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of measurements W fell within (Bode et al. 2011; Soon
et al. 2008), while the remaining study did not provide any
sort of W measurement (Soon et al. 2013).

Five articles (13/57 conditions) reported an average
W value between 0 and 99 msec before action, while 11
(17/57 conditions) reported those 100–199 msec before
action, 12/57 (21.1%, 9 unique studies) fell 200–299 msec
before action, 5/57 (8.8%, 4 unique studies) had values
between 300 and 399 msec before action, 3/57 (5.3%, 2
unique studies) found W that occurred after the time of
action, 3/57 (5.3%, 2 unique studies) had values between
400 and 499 msec before action, and only one condition
(1.8%, 1 unique study) yielded an average W between 500
and 599 mse before action. An additional 3/57 conditions
(5.3%, 3 unique studies) did not provide an average value
either in text or in accompanying tables. Of these, one

study reported that all W judgments were made 0–1000
msec before action (Bode et al. 2011), and another reported
that 90.1% of judgments were made between 0 and 1000
msec before action, while 8.5% occurred between 1000
msec and 1500 msec before action (Soon et al. 2008). Eleven
studies that provided average W values gave multiple val-
ues that tended to be clustered within the same grouping.
Therefore, the trend observed here could be disproportion-
ately affected by a few studies.

Of the studies that did measure W, many used recording
techniques in conjunction with the measurement, including
EEG (16/27 articles, 59.3%; 35/57 conditions, data not pro-
vided [DNP] for 1/35 conditions), fMRI (5/27, 18.5%; 5/57
conditions, DNP for 3/5 conditions) depth electrodes (1/27,
3.7%; 1/57 conditions, DNP for 0/1 condition), and EMG
(1/27, 3.7%; 6/57 conditions, DNP for 0/6 conditions). Four

Figure 1. Sampling method for finding articles containing a paradigm similar to Libet and colleagues’ (1983) article.
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of 27 (14.8%) did not use any specific recording technology in
conjunction with W (10/57 conditions, DNP for 3/10 condi-
tions). No studies involving TMSmeasuredW.

In studies that recruited other groups, only meditators
and patients with brain lesions, psychogenic tremor, or
Gilles de la Tourette’s (average value not provided) were
asked to report W measurements. None of these values fell
outside of those reported by healthy participants, although
they were reported to vary significantly from control
groups within their respective studies.

Average M Time (msec; Includes Libet et al. 1983)

Twenty-eight of 48 (58.3%) studies measured M. In total,
average M values were reported for 74 conditions (see
Figure 2). Of these, average values were not provided for
eight conditions. Out of the conditions that measured M,
51/74 conditions (68.9%, 20 original studies) recorded M
between 0 and 99 msec before the actual time of action.
Fourteen of 74 conditions (18.9%, 7 original studies) found
that the average M judgment occurred 1–99 msec after the
time of action. One of 74 (1.3%, 1 original study) recorded
an average M value more than 100 msec after action. No
studies reported an M value occurring more than 100 msec
in advance of action.

Various recording techniques were used to measure M
values across the articles. The largest number of M measure-
ments came from studies that did not use any recording tech-
niques (17/28 articles; 54/74 conditions, DNP for 7/54
conditions). This was followed by EEG (7/28 articles; 14/74
conditions, DNP for 1/14 conditions), TMS (2/28 articles;
4/74 conditions, DNP for 0/4 conditions), and fMRI (2/28
articles; 2/74 conditions). No M measurements were
recorded for the studies that used depth electrodes or EMG.

Roughly the same number of articles in this sample
reported M andWmeasurements (see Figure 2). However,
only 11 studies measured both M and W (out of a potential

total of twenty-seven; 40.7%). Both M and W would need
to be measured in order for the experiment to yield results
comparable to Libet and colleagues’ (1983) findings
regarding voluntary action.

Neural Measurements (msec; Includes Libet et al.
1983)

RP can be measured by EEG. Out of the 19 studies that
used EEG (19/48, 39.6%), 12/19 (63.2%) measured RP. A
few of these studies (4/12; 33.3%) also measured other
event-related potentials in addition to RP, such as event-
related desynchronization4 (ERD, 1/12; 8.3%), the lateral-
ized readiness potential (LRP, 3/12; 25%) and slow cortical
potentials5 (SCPs, 1/12; 8.3%). Seven (36.8%) EEG trials
did not measure the RP, 2/7 (28.6%) measured SCPS, 1/7
(14.3%) measured both LRP and movement-preceding
negativity6 (MPN), 1/7 (14.3%) measured ERD and event-
related synchronization7 (ERS), 1/7 (14.3%) measured
action-effect negativity (NAE)

8 and P3,9 and 1/7 (14.3%)
measured surface Laplacians.10 One of seven (14.3%) did
not record neuronal activity (the goal of this study was to
create a model by monitoring neural activity [Schneider
et al. 2013]).

Very few papers in our sample provided the values for
RP if they measured both LRP and RP.

Table 1. Source of methods listed by each article in the
sample.

Libet et al. 1983 only 26/47
Libet et al. 1983 and one other article 9/47
Haggard, Clark, and Kalogeras 2003 4/9
Banks and Isham 2009 2/9
Libet 1985 1/9
Haynes et al. 2007* 1/9
Lau et al. 2004 1/9

Other articles 8/47
Haggard, Clark, and Kalogeras 2002 3/8
Soon et al. 2008 2/8
Haggard and Eimer 1999 1/8
Haggard, Aschersleben, Gehrke, and Prinz 2002* 1/8
Sirigu et al 2004 1/8

No source provided 4/47

*Did not meet requirements for inclusion in the final sample.

4. Event-related desynchronization (ERD) refers to the localized
phasic blocking or reduction in amplitude of beta and alpha bands
that is related to an event. It is thought to be indicative of prepara-
tory activity accomplished by neuronal structures in anticipation
of sensory processing or the execution of a motor command
(Pfurtscheller and Aranibar [1977], as cited in Pfurtscheller [1992]).
5. Slow cortical potentials (SCPs) are changes in the polarization
measured by EEG that last from 300ms to several seconds in
length. These polarizations can be either positive or negative (Bir-
baumer 1999).
6. Movement preceding negativity (MPN) is a general term that
describes different types of negative polarization that are seen
before action (Brunia 1988).
7. Event-related synchronization (ERS) is the opposite of ERD. It
refers to the increase in localized alpha and beta activity in relation
to activity. For more detailed information about ERS, refer to
Pfurtscheller (1992).
8. Action-effect negativity (NAE) refers to a signal that is elicited in
response to unexpected and task-irrelevant action effects. The
appearance to this signal is said to be similar in appearance to
feedback-related negativity (NFB), in which neuronal signals
change following feedback related to the action that was per-
formed (Waszak et al. 2012).
9. P3, or P300, is a positive component of the EEG signal that
appears approximately 300 msec following an event (various sour-
ces, as cited in Duncan-Johnson and Donchin [1982]).
10. Surface Laplacians are a way of measuring neuronal current
for high-resolution EEG. It is thought to be a superior way of mea-
suring local cortical potential perpendicular to the scalp compared
to the traditional way of measuring EEG. Surface Laplacians do
not use a reference and are less affected by movement artifacts
(e.g., blinking) (Nunez and Westdorp 1994).
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RP, LRP, and W Comparisons (msec; Includes
Libet et al. 1983)

Out of all of the studies that used EEG and, thus, could
measure RP or LRP, only six (31.6%) compared Wwith RP,
LRP, or both and provided average measurements (RP:
3/6; LRP: 2/6; both: 1/6). In total, these 6 articles provided
13 conditions that could be compared (12 with average val-
ues, 1 DNP) (see Figure 3).

None of the Group 1 articles that compared RP and W
were done in an attempt to replicate previous findings. All of
these articles reported that RP could be detected before W,
although the difference between the reported measurements
of RP and W was not consistent. None of these articles con-

tained RP measurements that were within §50 msec
or§100 msec of the time recorded by Libet et al. (1983).

Of the articles reporting values in Group 2 (Supple-
mental Table 2), Schlegel et al. (2013) conducted their
work in an attempt to replicate the results of Haggard and
Eimer (1999), but reported that they were unable to do so.
Trevena and Miller (2002) found that RP always occurred
before W, but they recorded several instances where LRP
did not. The mean LRP average still occurred before W,
but they concluded that LRP started after the participants’
decision to move. In all, these three studies suggest that
the relevance of LRP to W is not yet established.

The amplitude of RP was measured more frequently
across the sample than the timing of the RP (amplitude

Figure 2. All M and W values for which an average value was presented in the original studies across all recording
methods and ordered chronologically. Out of the 48 studies included in this sample, only 11/48 measured both M and
W. (Color figure available online.)

Figure 3. All comparisons of W and RP, LRP, or both mentioned within the sample. Out of all studies that used EEG,
6/19 papers compared W with either RP, LRP, or both and provided average measurements (RP: 3/6; LRP: 2/6; both: 1/
6) for a total of 13 conditions (1 condition DNP). In number 5, only the RP value for statistical test (–800 msec) was
included (the remaining measurement was RP values detected via visual inspection [–1300 msec]). The –80 msec value
for 5 EX2 C2 H corresponds to the “hand” test (see Supplementary Figure), which is more directly comparable to num-
ber 3 and number 43 than 5 EX2 C1H. The RP value for number 1 represents the value of Type II RP, which was the
type that Libet and colleagues used in their paper as indicative of W. (Color figure available online.)
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measurements are not reported in this article). In addition to
the 6/19 studies that compared the timing of W to RP and/
or LRP, one article measured RP amplitude rather than tim-
ing in conjunction with W (Jo et al. 2014a; Jo et al. 2014b),
two articles measured RP andW separately but did not com-
pare them (Miller, Shepherdson, and Trevena 2011; Vinding,
Jensen, and Overgaard 2014), one looked at ERS/ERD and
W (Walsh et al. 2010), one said that the mean difference
between RP onset and time of awareness was 267 § 30 msec
but did not provide W values (Keller and Heckhausen 1990),
one compared W and surface Laplacians (Rigoni et al. 2013),
one compared W and SCPs (Jo et al. 2013), and one looked at
NAE/P3 andW (Rigoni, Brass, and Sartori 2010).

Neural Correlates of Studies (Includes Libet
et al. 1983)

Several articles mentioned regions of the brain that were
possibly related to their study findings (14/48 (29.2%)).
Eight of 48 (16.7%) reported differences in activation
between electrodes without referencing underlying neural
structures, and an additional 12/48 studies (25%) men-
tioned that the studies’ results indicated the involvement
of some nonspecified neuronal processes. Several studies
did not measure or mention whether their results corre-
lated with different brain areas (14/48; 29.2%).

The studies in our sample associated activation with
large swaths of the cortex and did not identify a clear
neural origin of free will/voluntary action. The pre-sup-
plementary motor area (pre-SMA) and the supplementary

motor area (SMA) were the two areas that were the most
frequently identified (n D 4 and n D 7, respectively,
although four of these studies mentioned both areas). Neu-
ral activity was recorded broadly across the frontal and
parietal lobes (see Figure 4).

Interestingly, 12/14 articles that referenced the
involvement of a specific brain region in the experience of
awareness of action did not use any neuroimaging tech-
nique. While most of these were just general statements,
two papers specifically identified the dopamine system as
having a role in one’s sense of agency (Haggard et al. 2003;
Moore et al. 2010). In the first paper, the authors specu-
lated that the tendency of schizophrenic participants to
overattribute consequences to their own agency could be
linked to the excessive dopamine transmission that is
thought to be present in individuals with this disorder
(Haggard et al. 2003). In the second, authors compared the
action-binding effect across three groups (those with
Parkinson’s disease on and off dopaminergic medication
and healthy controls). They reported increased action-
effect binding in PD patients on medication when com-
pared to both healthy controls and when the PD patients
were off medication. From this, they stated that their data
“clarifies the neural basis of [sense of agency], by showing
a clear link to dopamine” and suggested that the “boosting
of action-effect binding in PD patients on medication may
be due to an overdosing of the ventral striatal dopamine
system” (Moore et al. 2010, 1131, emphasis in original).
However, these authors did not measure the action of any
dopaminergic systems during their experiment.

Figure 4. Articles in our sample identified several neural areas that they associated with free will and/or related con-
cepts. These findings were spread across large swaths of the cortex and were not localized to particular areas. The
dark area indicates Brodmann areas that were specifically indicated in individual studies. Lighter shaded areas indi-
cate areas mentioned in studies that have been roughly mapped onto a Brodmann map. Areas mentioned in our sam-
ple included pre-SMA, SMA, medial premotor system, lateral premotor system, right dorso-prefrontal cortex, medial
prefrontal cortex left intraparietal sulcus, anterior cingulate cortex, primary motor cortex, bilateral motor cortices,
right visual area V5 (V5/MT), Brodmann Area (BA) 10, medial frontopolar cortex, left frontopolar cortex, parietal cor-
tex (precuneus to posterior cingulate cortex), rostral cingulate zone, default mode network, angular gyrus, right fron-
tal eye field, left superior parietal cortex, right intraparietal cortex, left supramarginal gyrus, right ventral thalamus,
cingulate motor area, BA 9, bilateral anterior ventral insula, right superior temporal sulcus, left inferior parietal lob-
ule (extending to left superior temporal gyrus and left dorsal premotor cortex), paracingular gyrus, lower precuneus,
right superior frontal gyrus, right inferior frontal gyrus (pars opercularis/triangularis, BA 44/45), BA 19, BA 13, and
BA 7.
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DISCUSSION

Replications of the Paradigm and Its Connection

to Intention

Despite the fact that almost 50 articles qualified for inclu-
sion in this review, very few completely replicated Libet
and colleagues’ (1983) methods or were able to report the
same findings. In cases where experiments were explicitly
conducted to replicate other experiments (Libet et al. 1983,
and others), most were unable to produce similar results
(see Bode et al. 2011; Lafargue and Duffau 2008; Lages and
Jaworska 2012; Lau, Rogers, and Passingham 2006;
Schlegel et al. 2013; Strother and Obhi 2009). Furthermore,
some authors chose to critique Libet and colleagues’ (1983)
conclusions, methods, or interpretations by deliberately
altering the paradigm to demonstrate how these altera-
tions affected the results (see Keller and Heckhausen 1990;
Lau, Rogers, and Passingham 2006; Miller, Shepherdson,
and Trevena 2011; Rigoni, Brass, and Sartori 2010; Trevena
and Miller 2002; Trevena and Miller 2010). The actual
methods used by those who credit Libet and colleagues
(1983) as the source for their methods vary considerably.
From these variations, we were able to describe five differ-
ent subtypes of the Libet and colleagues paradigm that
have emerged over the years (see Table 2 and Supplemen-
tary Table 2). These subtypes differed by the actions that
participants were instructed to perform, but still ascribed
their methods to Libet et al. in some way. The variability
between these subtypes poses problems for the view that
Libet and colleagues’ (1983) methodology has been repli-
cated successfully and is thus a viable method to study
awareness of action (Haggard 2005). It could be argued
that the fairly stable trend lines presented in Figure 2 and
the variability in measurements for both the M and W
measurements across the groups (see Figures 3 and 4) sug-
gests that the effect is robust across the Libet paradigm
subtypes. However, the fact that some groups and articles
yielded a disproportionate number of measurements
makes it difficult to make conclusions based on these data.
For example, only 6/48 articles actually compared LRP/
RP and W. Furthermore, Group 3 contained 39.3% of
articles that measured M, but the measurements gained
from this subtype accounted for 51.4% of all M
measurements.

Some later articles that deviated from Libet and
colleagues’ technique have become paradigmatic in their
own right, with other articles citing them heavily instead
of Libet et al. (1983). The most emblematic example of this
is Haggard, Clark, and Kalogeras (2002). This study was
the first to alter Libet and colleagues’ (1983) method by
adding an auditory tone. Articles that cited Haggard
Clark, and Kalogeras (2002) as the primary source for their
methods did not always reference Libet et al. (1983) as the
original source, even though Haggard, Clark, and Kaloge-
ras (2002) had credited this paper themselves. Haggard,
Clark, and Kalogeras (2002) is also notable for introducing
the concept of intentional binding, which refers to “the
subjective compression of the temporal interval between a

voluntary action and its external sensory consequence”
(Haggard, Clark, and Kalogeras 2002; Moore and Obhi
2012). Although intentional binding is often assumed to
have a link with one’s sense of agency and, thus, free will,
the link between these two concepts has not been fully elu-
cidated (Moore and Obhi 2012).

Measurements and Their Relationship to Voluntary

Action

The results of Libet-like experiments are often used to sup-
port the idea that intentional action originates from certain
brain regions or as an example of neuroscientific data that
can be used in support of various philosophical positions
about free will. However, many studies in our sample did
not record neural activity. Inconsistencies in electrode
placement, positioning of other recording apparatuses, the
ways measurements were analyzed, and the fact that mul-
tiple conditions were reported by many papers made it dif-
ficult to pinpoint the most common source of action
potentials. Studies referred to various areas across the
frontal and parietal lobes as being relevant to voluntary
action (see Figure 4). The SMA and pre-SMAwere referred
to more frequently than other areas, although the specific-
ity of activity locations varied between trials. It is possible
that this variation in activation occurred because some
experiment alterations required different processes. Efforts
that have been made to illuminate the pathways involved
in volition often suggest that many different brain regions
are involved (Brass and Haggard 2008; Brass et al. 2013;
Haggard 2008; 2009; Hallett 2007; Libet, Freeman, and
Sutherland 1999; Pierre 2014; Rappaport 2011; Wolpe and
Rowe 2014).

Many more measurements were recorded for M
(N D 74) than for W (N D 57), even though roughly the
same number of articles measured these two types of judg-
ments (28 and 27 articles, respectively). The legacy of the
Libet and colleagues (1983) study for free will and volun-
tary action rests mostly on the association with W and the
RP measurements. While there seems to be a trend of W
and Mmeasurements occurring between 150 and 200 msec
before movement (W) or between 0 and 50 msec before
movement (M), it would be inappropriate to say that this
is the average measurement due to (1) statistical errors
when calculating an average using averages, and (2) the
fact that some articles provided multiple average values
for M or W that could skew the results. Few articles mea-
sured RP or LRP in conjunction with W, even though it is
often assumed that RP/LRP reflects W or intentional
action more broadly (e.g., see Libet, Wright, and Gleason
1982; Radder and Meynen 2013; Schlegel et al. 2013).
Articles that actually did compare RP or LRP to W often
found conflicting results (Haggard and Eimer 1999;
Schlegel et al. 2013; Trevena and Miller 2002).

Studies that used fMRI or looked at other recordings
than RP or LRP often observed significant changes in acti-
vation several seconds before awareness. However, techni-
cal limits of the device were used in these cases to posit
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that the true results occurred in advance of what was able
to be measured (i.e., several seconds were added to
recorded values to account for the sluggishness of the
BOLD response and fMRI’s low temporal resolution).
Additionally, several studies focused on developing mod-
els to predict or identify the location of neural activity
even when its relation to voluntary action had not been
established.

While this work may indicate the typical range within
which M or W will fall, it does not solidify the relationship
between the type of neural activity observed and M/W.
The average values reported by most studies occur in
advance of awareness, but these findings do not establish
the relation between this activity and awareness of action.
Additionally, much of this work does not address a com-
mon criticism (Banks and Pockett 2007; Klemm 2010;
Roskies 2010) that simple finger flexions and complex,
deliberative action are very different. Clearly, much more
work needs to be made to establish this connection for
Libet-like experiments to be used to support any philo-
sophical position about free will.

The Libet Paradigm and Its Societal Implications

The variation present in our review poses problems for (a)
comparing results between studies, (b) evaluating the rele-
vance of this type of methodology to answering questions
about voluntary action, and (c) extrapolating its signifi-
cance to society as a whole. Furthermore, even if we
assume that each experiment was an exact replication of
the original paper, some of the claims made in individual
papers would not be supported by the methods employed.
For example, a few papers claim to have clarified the
“neural basis of SoA [sense of agency]” by linking the
awareness of voluntary action and dopamine transmission
through the involvement of populations with Parkinson’s
disease or schizophrenia (Haggard et al. 2003; Moore et al.
2010, 1131). While this is an interesting hypothesis, neither
of these papers directly measured dopamine transmission
in the brain and they instead either used proxy methods
(e.g., whether or not individuals were taking medications
like L-DOPA [Moore et al. 2010]) or inferred the connec-
tion from other articles (Haggard et al. 2003). Other studies
claim that differences between individuals with neurologi-
cal conditions and healthy controls point to sense of
agency as responsible for a loss of control: for example,
that “an excessive sense of agency may contribute to
impulse control disorders” (Moore et al. 2010) and that
“the defining characteristic in motor [conversion disorder]
is not the type of movement but, rather, a reduced or
altered sense of agency for movement” (Kranick et al.
2013). However, as has been argued elsewhere, a
“structural or functional abnormality in a circumscribed
area of the brain associated with impulse control does not
imply the loss of the ability to control impulses” (Glannon
2011). Additionally, observations from these populations
did not fall outside the measurements obtained from
healthy populations in other studies (see Supplementary

Table 2), indicating that the significant differences uncov-
ered in the study may be the result of small sample sizes.

Probably the most discussed conclusion generated by
the Libet paradigm is whether this method adds support
to the idea that neuroscientific studies prove that free will
does not exist (Wegner 2004). A thorough analysis of the
arguments for and against its existence and the relevance
of neuroscientific findings to this debate is outside the
scope of this article. However, it is important to note (as
others have before) that, traditionally, actions designated
as voluntary are complex, and not simple finger flexions.
Additionally, research suggests that the layperson’s under-
standing of freedom of action is neither dualistic nor inde-
terministic (Monroe and Malle 2010), and that the
attribution of responsibility does not change even if “my
brain made me do it” (Nahmias, Shepard, and Reuter
2014). Therefore, statements that any individual study
could have “important implications for the notion of con-
scious intention in moral and legal situations” (e.g., Hag-
gard et al. 2004) may be premature.

LIMITATIONS

In our analysis, we restricted comparison between studies
to those that were most similar to Libet and colleagues’
(1983) original methodology, as well as to those that explic-
itly cited Libet and colleagues (1983), Libet (1985), and
Soon et al. (2008). It is possible that the results of the
included studies differ due to variation in individual
experiments, rather than Libet and colleagues’ (1983)
methodology itself. However, these experiments are often
compared indiscriminately in the literature. Additionally,
we acknowledge the existence of a publication bias, which
favors experiments that are considered novel or as having
great contributions to the field (Rothstein, Sutton, and Bor-
enstein 2005). For example, it is possible that other experi-
ments that either replicated all aspects of Libet’s study or
did not find the same pattern of results were not pub-
lished. We also are aware that not all articles that report
intentional binding were captured in this work. Finally,
while we tried to base the inclusion criteria for studies on
the aspects of the trial design that were included in most
papers, ultimately this paradigm defies a clear boundary.

CONCLUSION

This study adds to existing research findings by typifying
the different ways that the Libet et al. paradigm has
changed over time, and by comparing the findings pro-
duced across the different subtypes. The findings of Libet
and colleagues’ (1983) experiment, and those who follow
this methodology, have been very influential. While almost
all papers in our review reported a general pattern of aver-
age neural activity occurring before participants’ aware-
ness of their intention to act, the relationship of this
activity to their intention still needs to be established. We
were able to identify five main subtypes of the Libet and
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colleagues experiment that have emerged since 1983. In
doing so, we highlighted the differences between (a) the
measurements recorded in each type and (b) how these
measurements differ between the subtypes. While the
overall trends for W and M seem consistent across all of
the articles when ordered chronologically, most of the “M”
measurements come from Group 3. No “W” measure-
ments came from Group 4. Additionally, the overall num-
ber of W and M measurements across all groups are
higher than expected because many articles present more
than one measurement. Therefore, while the Libet para-
digm may be useful for examining the time needed to
respond following an external stimulus or how external
stimuli affects temporal judgments, it may be inappropri-
ate at this time to extrapolate results gained from this
methodology to discussions about freedom of action or
moral responsibility.

FUNDING

Funding for this study came from the Social Sciences and
Humanities Research Council of Canada and the Banting
Postdoctoral Fellowships Programme and Fonds de
recherche du Qu�ebec-Sant�e.&

REFERENCES

Anonymous. 2013. What can a brain scan tell us about free will?

BBC News, August 13. Available at: http://www.bbc.com/news/

magazine-23666726

Banks, W. P., and E. A. Isham. 2009. We infer rather than perceive

the moment we decided to act. Psychological Science 20 (1):17–21.

doi:10.1111/j.1467-9280.2008.02254.x.

Banks, W. P., and S. Pockett. 2007. Benjamin Libet’s work on the

neuroscience of free will. In The Blackwell companion to conscious-

ness, ed. M. Velmans and S. Schneider, 557–670. Oxford, UK:

Blackwell. doi:10.1002/9780470751466.ch52.

Birbaumer, N. 1999. Slow cortical potentials: Plasticity, operant

control, and behavioral effects. Neuroscientist 5 (2):74–78.

doi:10.1177/107385849900500211.

Bode, S., A. H. He, C. S. Soon, R. Trampel, R. Turner, and J. D.

Haynes. 2011. Tracking the unconscious generation of free deci-

sions using uItra-high field fMRI. PLoS ONE 6 (6):e21612.

doi:10.1371/journal.pone.0021612.

Brass, M., and P. Haggard. 2008. The what, when, whether model

of intentional action. Neuroscientist 14 (4):319–25. doi:10.1177/

1073858408317417.

Brass, M., M. T. Lynn, J. Demanet, and D. Rigoni. 2013. Imaging

volition: What the brain can tell us about the will. Experimental

Brain Research 229 (3):301–12. doi:10.1007/s00221-013-3472-x.

Brunia, C. H. M. 1988. Movement and stimulus preceding negativ-

ity. Biological Psychology 26 (1–3):165–178. doi:http://dx.doi.org/

10.1016/0301-0511(88)90018-X.

Duncan-Johnson, C. C., and E. Donchin. 1982. The P300 compo-

nent of the event-related brain potential as an index of information

processing. Biological Psychology 14 (1–2):1–52. doi:http://dx.doi.

org/10.1016/0301-0511(82)90016-3.

Edwards, M. J., G. Moretto, P. Schwingenschuh, P. Katschnig, K. P.

Bhatia, and P. Haggard. 2011. Abnormal sense of intention preceding

voluntary movement in patients with psychogenic tremor. Neuropsy-

chologia 49 (9):2791–93. doi:10.1016/j.neuropsychologia.2011.05.021.

Fried, I., R. Mukamel, and G. Kreiman. 2011. Internally generated

preactivation of single neurons in human medial frontal cortex

predicts volition. Neuron 69 (3):548–62. doi:http://dx.doi.org/

10.1016/j.neuron.2010.11.045.

Glannon, W. 2011. Diminishing and enhancing free will. AJOB

Neuroscience 2 (3):15–26. doi:10.1080/21507740.2011.580490.

Haggard, P. 2005. Conscious intention and motor cognition. Trends in

Cognitive Sciences 9 (6):290–95. doi:10.1016/j.tics.2005.04.012.

Haggard, P. 2008. Human volition: Towards a neuroscience of will.

Nature Reviews Neuroscience 9 (12):934–46. doi:10.1038/Nrn2497.

Haggard, P. 2009. The sources of human volition. Science 324

(5928):731–33. doi:10.1126/science.1173827.

Haggard, P., G. Aschersleben, J. Gehrke, and W. Prinz. 2002.

Action, binding, and awareness. In Common mechanisms in percep-

tion and action, ed. W. Prinz, and B. Hommel, 266–85. New York,

NY: Oxford University Press.

Haggard, P., P. Cartledge, M. Dafydd, and D. A. Oakley. 2004.

Anomalous control: When ’free-will’ is not conscious. Conscious-

ness and Cognition 13 (3):646–54. doi:10.1016/j.concog.2004.06.001.

Haggard, P., S. Clark, and J. Kalogeras. 2002.Voluntary action and con-

scious awareness.NatureNeuroscience 5 (4):382–85. doi:10.1038/Nn827.

Haggard, P., and M. Eimer. 1999. On the relation between brain

potentials and the awareness of voluntary movements. Experimen-

tal Brain Research 126 (1):128–33. doi:10.1007/s002210050722.

Haggard, P., F. Martin, M. Taylor-Clarke, M. Jeannerod, and N.

Franck. 2003. Awareness of action in schizophrenia. NeuroReport

14 (7):1081–85. doi:10.1097/01.wnr.0000073684.00308.c0.

Hallett, M. 2007. Volitional control of movement: The physiology

of free will. Clinical Neurophysiology 118 (6):1179–92. doi:10.1016/j.

clinph.2007.03.019.

Jasper, H. H. 1985. Brain mechanisms of conscious experience and

voluntary action. Behavioral and Brain Sciences 8 (4):543–43.

doi:10.1017/S0140525£00044964.

Jo, H. G., T. Hinterberger, M. Wittmann, T. L. Borghardt, and

S. Schmidt. 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., M. Wittmann, T. L. Borghardt, T. Hinterberger, and S.

Schmidt. 2014a. First-person approaches in neuroscience of conscious-

ness: Brain dynamics correlate with the intention to act. Consciousness

and Cognition 26:105–116. doi:10.1016/j.concog.2014.03.004.

Jo, H. G., M. Wittmann, T. Hinterberger, and S. Schmidt. 2014b.

The readiness potential reflects intentional binding. Frontiers in

Human Neuroscience 8:421. doi:10.3389/fnhum.2014.00421.

Keller, I., and H. Heckhausen. 1990. Readiness potentials preced-

ing spontaneous motor acts—Voluntary vs involuntary control.

January–March, Volume 9, Number 1, 2018 ajob Neuroscience 39

Impact of a Landmark Neuroscience Study on Free Will

http://www.bbc.com/news/magazine-23666726
http://www.bbc.com/news/magazine-23666726


Electroencephalography and Clinical Neurophysiology 76 (4):351–61.

doi:10.1016/0013-4694(90)90036-J.

Klemm, W. R. 2010. Free will debates: Simple experiments are not

so simple. Advances in Cognitive Psychology 6:47–65. doi:10.2478/

v10053-008-0073-5.

Kranick, S. M., J. W. Moore, N. Yusuf, et al. 2013. Action-effect

binding is decreased in motor conversion disorder: Implications

for sense of agency. Movement Disorders 28 (8):1110–1116.

doi:10.1002/mds.25408.

Lafargue, G., and H. Duffau. 2008. Awareness of intending to act

following parietal cortex resection. Neuropsychologia 46 (11):2662–

67. doi:10.1016/j.neuropsychologia.2008.04.019.

Lages, M., and K. Jaworska. 2012. How predictable are

“spontaneous decisions” and “hidden intentions”? Comparing

classification results based on previous responses with multivari-

ate pattern analysis of fMRI BOLD signals. Frontiers in Psychology

3:56. doi:10.3389/fpsyg.2012.00056.

Lau, H. C., R. D. Rogers, P. Haggard, and R. E. Passingham. 2004.

Attention to intention. Science 303 (5661):1208–10. doi:10.1126/

science.1090973.

Lau, H. C., R. D. Rogers, and R. E. Passingham. 2006. On measur-

ing the perceived onsets of spontaneous actions. Journal of Neuro-

science 26 (27):7265–71. doi:10.1523/jneurosci.1138-06.2006.

Libet, B. 1985. Unconscious cerebral initiative and the role of con-

scious will in voluntary action. Behavioral and Brain Sciences 8

(4):529–39. doi:10.1017/S0140525£00044903.

Libet, B. 2010. Do we have free will? In Conscious will and responsi-

bility, ed. W. Sinnott-Armstrong and L. Nadel, 1–10. New York,

NY: Oxford University Press.

Libet, B., A. Freeman, and K. Sutherland. 1999. The volitional

brain: Towards a neuroscience of free will. Exeter, UK: Imprint

Academic.

Libet, B., C. A. Gleason, E. W. Wright, and D. K. Pearl. 1983. Time

of conscious intention to act in relation to onset of cerebral-activity

(readiness-potential)—The unconscious initiation of a freely vol-

untary act. Brain 10:623–42. doi:10.1093/brain/106.3.623.

Libet, B., E. W. Jr. Wright, and C. A. Gleason. 1982. Readiness-

potentials preceding unrestricted ’spontaneous’ vs. pre-planned

voluntary acts. Electroencephalography and Clinical Neurophysiology

54 (3):322–35. doi:10.1007/978-1-4612-0355-1_1.

Mele, A. 2006. Free will and luck. New York, NY: Oxford University

Press.

Miller, J., P. Shepherdson, and J. Trevena. 2011. Effects of clock

monitoring on electroencephalographic activity: Is unconscious

movement initiation an artifact of the clock? Psychological Science

22 (1):103–9. doi:10.1177/0956797610391100.

Monroe, A., and B. Malle. 2010. From uncaused will to conscious

choice: The need to study, not speculate about people’s folk con-

cept of free will. Review of Philosophy and Psychology 1 (2):211–24.

doi:10.1007/s13164-009-0010-7.

Moore, J. W., and S. S. Obhi. 2012. Intentional binding and the

sense of agency: A review. Consciousness and Cognition 21 (1):546–

61. doi:10.1016/j.concog.2011.12.002.

Moore, J. W., S. A. Schneider, P. Schwingenschuh, G. Moretto, K.

P. Bhatia, and P. Haggard. 2010. Dopaminergic medication boosts

action-effect binding in Parkinson’s disease. Neuropsychologia 48

(4):1125–32. doi:10.1016/j.neuropsychologia.2009.12.014.

Nahmias, E., J. Shepard, and S. Reuter. 2014. It’s OK if ’my brain made

me do it’: People’s intuitions about freewill and neuroscientific predic-

tion. Cognition 133 (2):502–16. doi:10.1016/j.cognition.2014.07.009.

Nunez, P., and A. Westdorp. 1994. The surface laplacian, high res-

olution EEG and controversies. Brain Topography 6 (3):221–26.

doi:10.1007/BF01187712.

Pfurtscheller, G. 1992. Event-related synchronization (ERS): An

electrophysiological correlate of cortical areas at rest. Electroen-

cephalography and Clinical Neurophysiology 83 (1):62–69.

doi:10.1016/0013-4694(92)90133-3.

Pierre, J. M. 2014. The neuroscience of free will: Implications for

psychiatry. Psychological Medicine 44 (12):2465–74. doi:10.1017/

S0033291713002985.

Pockett, S., and A. Miller. 2007. The rotating spot method of timing

subjective events. Consciousness and Cognition 16 (2):241–54. doi:

http://dx.doi.org/10.1016/j.concog.2006.09.002.

Racine, E., V. Dubljevi�c, R. J. Jox, et al. 2017. Can neuroscience con-

tribute to practical ethics? A critical review and discussion of the

methodological and translational challenges of the neuroscience

of ethics. Bioethics 31 (5):328–37. doi:10.1111/bioe.12357.

Radder, H., and G. Meynen. 2013. Does the brain “initiate” freely

willed processes? A philosophy of science critique of Libet-type

experiments and their interpretation. Theory & Psychology 23 (1):3–

21. doi:10.1177/0959354312460926.

Rappaport, Z. H. 2011. The neuroscientific foundations of free will.

Advances and Technical Standards in Neurosurgery 37:3–23.

doi:10.1007/978-3-7091-0673-0_1.

Rigoni, D., M. Brass, C. Roger, F. Vidal, and G. Sartori. 2013. Top-

down modulation of brain activity underlying intentional action

and its relationship with awareness of intention: An ERP/Lapla-

cian analysis. Experimental Brain Research 229 (3):347–57.

doi:10.1007/s00221-013-3400-0.

Rigoni, D., M. Brass, and G. Sartori. 2010. Post-action determinants

of the reported time of conscious intentions. Frontiers in Human

Neuroscience 4:38. doi:10.3389/Fnhum.2010.00038.

Ringo, J. L. 1985. Timing volition: Questions of what and when

about W. Behavioral and Brain Sciences 8 (4):550–51. doi:10.1017/

S0140525£00045052.

Roskies, A. 2010. Why Libet’s studies don’t pose a threat to free

will. In Conscious will and responsibility, ed. W. Sinnott-Armstrong

and L. Nadel, 11–22. New York, NY: Oxford University Press.

Rothstein, H. R., A. J. Sutton, and M. Borenstein. 2005. Publication

bias in meta-analysis. In Publication bias in meta-analysis—Preven-

tion, assessment and adjustments, ed. H. R. Rothstein, A. J. Sutton,

and M. Borenstein, 1–7. Chichester, UK: John Wiley & Sons, LTD.

Schlegel, A., P. Alexander, W. Sinnott-Armstrong, A. Roskies, P. U.

Tse, and T. Wheatley. 2013. Barking up the wrong free: Readiness

potentials reflect processes independent of conscious will. Experimen-

tal Brain Research 229 (3):329–35. doi:10.1007/s00221-013-3479-3.

40 ajob Neuroscience January–March, Volume 9, Number 1, 2018

AJOB Neuroscience



Schlosser, M. E. 2014. The neuroscientific study of free will: A

diagnosis of the controversy. Synthese 191 (2):245–62. doi:10.1007/

s11229-013-0312-2.

Schneider, L., E. Houdayer, O. Bai, and M. Hallett. 2013. What we

think before a voluntary movement. Journal of Cognitive Neurosci-

ence 25 (6):822–29. doi:10.1162/jocn_a_00360.

Sirigu, A., E. Daprati, S. Ciancia, P. Giraux, N. Nighoghossian, A.

Posada, and P. Haggard. 2004. Altered awareness of voluntary

action after damage to the parietal cortex. Nature Neuroscience 7

(1):80–84. doi:10.1038/Nn1160.

Soon, C. S., M. Brass, H. J. Heinze, and J. D. Haynes. 2008. Uncon-

scious determinants of free decisions in the human brain. Nature

Neuroscience 11 (5):543–45. doi:10.1038/nn.211.

Soon, C. S., A. H. He, S. Bode, and J. D. Haynes. 2013. Predicting

free choices for abstract intentions. Proceedings of the National Acad-

emy of Sciences of the United States of America 110 (15):6217–22.

doi:10.1073/pnas.1212218110.

Strother, L., and S. S. Obhi. 2009. The conscious experience of

action and intention. Experimental Brain Research 198 (4):535–39.

doi:10.1007/s00221-009-1946-7.

Trevena, J. A., and J. Miller. 2002. Cortical movement preparation

before and after a conscious decision to move. Consciousness and

Cognition 11 (2):162–90. doi:http://dx.doi.org/10.1006/

ccog.2002.0548.

Trevena, J., and J. Miller. 2010. Brain preparation before a volun-

tary action: Evidence against unconscious movement initiation.

Consciousness and Cognition 19 (1):447–56. doi:http://dx.doi.org/

10.1016/j.concog.2009.08.006.

Vinding, M. C., M. Jensen, and M. Overgaard. 2014. Distinct

electrophysiological potentials for intention in action and

prior intention for action. Cortex 50:86–99. doi:10.1016/j.

cortex.2013.09.001.

Walsh, E., S. Kuhn, M. Brass, D. Wenke, and P. Haggard. 2010.

EEG activations during intentional inhibition of voluntary

action: An electrophysiological correlate of self-control? Neuro-

psychologia 48 (2):619–26. doi:10.1016/j.neuropsychologia,2009.

10.026.

Waszak, F., P. Cardoso-Leite, and G. Hughes. 2012. Action effect

anticipation: Neurophysiological basis and functional consequen-

ces. Neuroscience & Biobehavioral Reviews 36 (2):943–59.

doi:10.1016/j.neubiorev.2011.11.004.

Wegner, D. M. 2004. Pr�ecis of the Illusion of conscious will.

Behavioral and Brain Sciences 27 (5):649–59. doi:10.1017/S0140525£
04000159.

Wolpe, N., and J. B. Rowe. 2014. Beyond the “urge to move”:

Objective measures for the study of agency in the post-Libet

era. Frontiers in Human Neuroscience 8:450. doi:10.3389/

fnhum.2014.00450.

January–March, Volume 9, Number 1, 2018 ajob Neuroscience 41

Impact of a Landmark Neuroscience Study on Free Will


