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The neuroscience of volition has been investigating the neural underpinnings of
decisions that lead to voluntary action, hereby contributing to the age-old debate on free
will. It focuses on endogenous, voluntary actions that are under one’s control and on the
causal role of consciousness in such actions. Thus far, studies in the field have almost
exclusively focused on arbitrary decisions (e.g., raising the left or right hand for no
reason or purpose), which are unreasoned, meaningless, and purposeless. In parallel,
the field of neuroeconomics has been investigating the neural underpinnings of mean-
ingful, deliberate decisions, trying to understand the neural mechanisms of valuation
and choice. Yet, though meaningful decisions also typically lead to voluntary actions,
the question of volition is typically overlooked in neuroeconomics, much like the
neuroscience of volition has neglected meaningful, reasoned decisions. In this review,
we briefly survey both fields and the possible ways in which they can be combined to
study volition in meaningful decisions. We highlight an experiment that used a
neuroeconomics paradigm to show that key findings from the volition literature do not
generalize to meaningful, deliberate decisions. We argue that further interactions
between the two fields are important, especially to the neuroscience of volition.
Extending the focus to deliberate decisions will allow the field to cover more of what
is typically taken to mean by volition. It will also yield more ecologically valid
conclusions about everyday decisions, and especially important ones that are mostly
deliberate, and arguably will be more relevant to the free will debate.
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“We are not free to cease being free,” wrote
the philosopher Jean-Paul Sartre (1956), yet it
seems like many remain unpersuaded that such
freedom even exists. The philosophical contro-
versy around free will, which has remained un-
resolved for millennia, reemerged in the 1980s

under a new, neuroscientific incarnation. This
was mostly due to the seminal experiments of
Benjamin Libet (Libet, Gleason, Wright, &
Pearl, 1983), who claimed that the neural un-
derpinnings of an upcoming action begin before
a subject’s conscious intention to move. These

X Liad Mudrik, School of Psychological Science and
Sagol School of Neuroscience, Tel Aviv University;
X Dino J. Levy, Sagol School of Neuroscience and Coller
School of Management, Tel Aviv University; X Jake
Gavenas, Computational and Data Sciences Program,
Schmid College of Science and Technology, and Institute
for Interdisciplinary Brain and Behavioral Studies, Chap-
man University, Irvine; X Uri Maoz, Computational and
Data Sciences Program, Schmid College of Science and

Technology, Institute for Interdisciplinary Brain and Be-
havioral Studies, and Department of Psychology, Crean
College of Health and Behavioral Sciences, Chapman Uni-
versity, Irvine, and Department of Biology and Bioengi-
neering, California Institute of Technology.

Correspondence concerning this article should be ad-
dressed to Liad Mudrik, School of Psychological Science
and Sagol School of Neuroscience, Tel Aviv University,
Haim Levanon 55, P.O. Box 39040, Tel Aviv 69978,
Israel. E-mail: mudrikli@tauex.tau.ac.il

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

Psychology of Consciousness:
Theory, Research, and Practice

© 2019 American Psychological Association 2019, Vol. 1, No. 999, 000
ISSN: 2326-5523 http://dx.doi.org/10.1037/cns0000200

1

https://orcid.org/0000-0003-3564-6445
https://orcid.org/0000-0003-4290-7762
https://orcid.org/0000-0002-8365-2594
https://orcid.org/0000-0002-8365-2594
https://orcid.org/0000-0002-7899-1241
mailto:mudrikli@tauex.tau.ac.il
http://dx.doi.org/10.1037/cns0000200


findings, which will be further described below,
sparked an intense and heated debate, and
launched a new field—the neuroscience of vo-
lition (for reviews, see Frith & Haggard, 2018;
Haggard, 2008, 2019).

In philosophy, a wide range of definitions
for free will have been suggested—from the
ability to act otherwise (Aristotle, 350 B.C./
2009) to higher order will (Frankfurt, 1988),
among many others. In neuroscience, on the
other hand, the question was mostly studied
under one operational definition: The rela-
tions between one’s conscious intention to
carry out a movement and the underlying
neural activity. Importantly, these movements
tended to be unreasoned, purposeless, and
bereft of consequences. Adopting the terms
suggested by Ullmann-Margalit and Morgen-
besser (1977), neuroscience studied picking
decisions. These differ from reasoned, pur-
poseful, and consequential choosing deci-
sions, which are often the focus of the free
will debate. To illustrate the difference be-
tween the two, imagine going to the super-
market to get a carton of milk; if you do not
know which brand you would like to pur-
chase, or whether you want low-fat or whole
milk, you are making a choosing decision;
you evaluate the different aspects of the al-
ternatives, weigh their value, and decide
which one you prefer. You choose. But once
you decide you would like to get whole milk
from a specific brand, you see that there are
10 identical milk cartons of that brand on the
shelf. The expiration date is the same, and
they are virtually identical. Now, you have no
reason to prefer one over the other (under the
assumption that the motor cost is equiva-
lent)—you are arbitrarily selecting one. In
this case, you pick (note that in this example,
picking comes after the valuation stage, but
this does not have to be the case. Any deci-
sion that does not involve estimation of value
[or reasoning, adopting the term of Ullmann-
Margalit & Morgenbesser, 1977] would be
considered as picking, e.g., when one is asked
to randomly pick a number).

These two decision types are clearly very
different1; yet results obtained on picking
tasks were used to draw conclusions also
about choosing decisions. For example, in the
Libet experiment, subjects were asked to flick
their right wrist at a time of their choice—an

action with no consequences that is com-
pletely unreasoned, which in many ways is
more reflex-like, especially as the experiment
progresses. While clearly a picking experi-
ment, the results were sometimes taken as
evidence against moral responsibility, which
clearly pertains to choosing decisions (see
Hallett, 2007; Libet, 1985; Maoz & Yaffe,
2015; Roskies, 2012; Sinnott-Armstrong &
Nadel, 2010).

In this review, we suggest that the infer-
ence from picking to choosing might not be
justified and call for studies of voluntary ac-
tion that focus on choosing, or deliberate,
decisions. Thus far, deliberate processes have
mostly been studied in the context of neuro-
economics (see Glimcher, Camerer, Fehr, &
Poldrack, 2009), which typically ignores the
question of voluntary action. That is, neuro-
economics focuses on value-based decisions
and the mechanisms of value assignment and
evaluation but typically refrains from study-
ing the relations between neural activity and
subjects’ conscious experience of deciding
(though there are studies that focus on factors
that unconsciously affect the decision pro-
cess; see Appendix). We will first present the
main practices and findings of the two fields
of knowledge—voluntary action and neuro-
economics—and then demonstrate how to
study voluntary action in the context of mean-
ingful, choosing decisions.

1 However, one could also view them as two ends of
one continuum, which varies according to the difference
in value between the decision alternatives—where pick-
ing is when there is no difference (i.e. when I am indif-
ferent between the options), and choosing is when a
difference exists. On the face of it, the larger the differ-
ence between the alternatives, the more the decision
should be regarded as choosing (and thus be easy and
faster to resolve). Accordingly, subjects should be slow-
est when the difference in value between the alternatives
is small (i.e., close to indifference). This is indeed what
happens in difficult choosing decisions. But that entails
that subjects should be slowest in picking, as this is the
point of indifference—yet this prediction is not borne out
by the data. In fact, as we report here, subjects are fastest
in making picking decisions. Thus, it seems like picking
might be a special case of indifference, where subjects
know there is no point in engaging in value assessment to
begin with. That is, picking decisions are not considered
to be value-based choices.
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The Neuroscience of Volition: Studying
Endogenous, Voluntary Decisions

Volition is neither easy to study nor to
define. It leads to action that is internally
generated (or endogenous) rather than imme-
diately triggered by an external stimulus. It is
also under one’s control and can be respon-
sive to reasons, as opposed to being only
automatic or habitual. Finally, it is held to
involve consciousness in the sense that the
action that is the outcome of volition is ac-
companied by a subjective experience of will-
ing or deciding, and by a sense of agency over
the action. It might therefore be easier to
understand voluntary action as contrasted
with reflexes, which are automatic, externally
generated, and accompanied by no sense of
agency. Typically, for an action to be re-
garded as voluntary, at least one of the fol-
lowing should not be directly determined by
external stimuli: when to move (action onset),
what to move (action contents), or whether to
move (Brass & Haggard, 2008; Haggard,
2008, 2019). The study of volition therefore
breaks the mold of the typical psychology or
neuroscience experiment, where subjects’ re-
sponse (either behavioral or neural) to an
external stimulus is studied.

A pioneering study of this sort was con-
ducted in 1965. Frustrated that the brain was
until then investigated mainly as a response
apparatus, Kornhuber and Deecke (1965) in-
structed their subjects to make endogenous
movements without presenting any external
stimulation, while using electroencephalogra-
phy (EEG) to record neural signals. They then
discovered that self-initiated movements are
reliably preceded by a slow, negative, event-
related potential that begins at least 500 ms
prior to movement onset. This event-related
potential, which they named the Bereitschaft-
potential or readiness potential, was the first
neural marker for voluntary action.

These results were then put in a new con-
text by Benjamin Libet and colleagues in a
seminal study that evoked great scientific and
philosophical interest. The authors asked sub-
jects to flex their right wrist from time to
time, at will, while measuring their readiness
potential, as in the Kornhuber and Deecke

(1965) study. They also asked subjects to time
the earliest onset of their conscious urge (or
intention) to move using a clock (Figure 1A).
They found that, on average, the readiness
potential begins some hundreds of millisec-
onds before subjects reported having had the
urge to move (W time; Libet et al., 1983).
Their results are illustrated in Figure 2.

The readiness potential is commonly mea-
sured at electrode Cz at the crown of the head.
Shibasaki and Hallett (2006) identified areas
involved in generating the readiness potential
using several source-localization techniques
(see Figure 3). The initial, shallow rise of the
readiness potential is attributed to activity in
supplementary motor area (SMA) proper and
pre-SMA, quickly followed by bilateral activ-
ity in lateral premotor cortex. The steep rise
of the readiness potential shortly before
movement is attributed to contralateral pri-
mary motor cortex and lateral premotor cor-
tex. Alongside these areas, earlier activity
predicting which hand subjects would move
was located in lateral and medial frontopolar
cortex as well as the precuneus and posterior
cingulate cortex (Soon, Brass, Heinze, &
Haynes, 2008). Similarly, activity predicting
abstract decisions—whether subjects would
add or subtract two numbers—was found in
medial frontopolar cortex and in the precu-
neus and posterior cingulate cortex (Soon,
He, Bode, & Haynes, 2013). Focusing on the
dissociation between when, what, and
whether to act, different areas were suggested
to mediate each of these processes. Deciding
what to do is held to employ the pre-SMA,
bilateral dorsal premotor cortex, and left su-
pramarginal gyrus; deciding when to do it
involves the superior SMA, insula, and area
44 (all bilateral), as well as several subcorti-
cal structures including thalamus, bilateral
anterior putamen, left cerebellum, and globus
pallidus; and deciding whether to act is me-
diated by increased activity in corpus callo-
sum (Hoffstaedter, Grefkes, Zilles, & Eick-
hoff, 2013; Zapparolli et al., 2018).

The Libet results have been independently
replicated (e.g., Dominik et al., 2018; Keller &
Heckhausen, 1990; Schurger, Sitt, & Dehaene,
2012) and further shown to hold also when
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1545

Which item do you prefer?

How much are you willingto pay for this item?
Choose for 1000$

abortions
Pro

control
Pro gun

0
50$
$$$

A B

C D

Figure 1. Experimental paradigms in the fields of volition and neuroeconomics. (A) The
classic Libet experiment. The subject sits in front of a computer screen, on which a clock (or
a rotating dot) indicates time. The subject is asked to move his hand at will, while electro-
encephalography is recorded from his scalp. He is then asked to indicate when he first felt the
conscious urge to move—a moment referred to as W time. The researcher then examines the
relations between neural activity and subjects’ conscious urge to move. (B) A relative
preference paradigm. Two items are presented on screen and the subject is asked to select
which ones he prefers. By comparing preferences, the researcher can create a preferences
ranking, and again regress that against neural activity. (C) An item valuation paradigm.
The subject either receives a certain amount of money and is asked to make bids for the
item or to rate how much she likes the item. The researcher can then create a value scale
and regress that with neural activation to find the brain mechanisms involved in valuation.
(D) A neuroeconomics paradigm used to study volition. The subject is presented with two
nonprofit organizations; in one condition (choosing), she is asked to choose which one she
prefers by pressing a key with her right/left arm as soon as she feels she consciously
decided, akin to the relative preference paradigm. At the end of the experiment, one trial
is selected and the chosen organization there will get a monetary donation. In the other
(picking), she is asked to randomly press either the right/left keys, while ignoring their
value. If such a trial is selected, both organizations will get an equal donation. Thus,
though the visual inputs and the motor outputs are identical in both conditions, the
meaning of the decision is utterly different, with the former being deliberate and reasoned
and the latter arbitrary and unreasoned. Then, the researcher can examine the relations
between subjects’ decision time and the preceding neural activity (reminiscent of A). See
the online article for the color version of this figure.
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subjects are free to decide which hand to raise
(Haggard & Eimer, 1999; notably though, the
readiness potential was also found in the ab-
sence of any movement; Alexander et al., 2016,
suggesting it is not a sufficient condition for
action. Similarly, it was shown that subjects can
cancel their movement during the readiness po-
tential window; Schultze-Kraft et al., 2016).
Intracranial and even single-neuron recordings
in humans have demonstrated a similar ramp-up
of activity before endogenous, voluntary action
(Fried, Mukamel, & Kreiman, 2011). In func-
tional MRI (fMRI), it was shown that there is
some information in the brain about when and
which hand subjects will use to arbitrarily
press a button up to several seconds before W
time (Soon et al., 2008; see also Soon et al.,
2013). More specifically, the authors demon-
strated above chance prediction (at about 60%
accuracy) of whether subjects would raise
their left or right hand up to 10 s before
subjects’ W time.

Many have taken the Libet and follow-up
results to mean that all decisions are made
unconsciously and therefore as evidence
against human free will (e.g., Harris, 2012;
Libet, 1985; Wegner, 2002). Yet the Libet
paradigm was also widely criticized on dif-
ferent grounds. Conceptually, it was sug-

gested, for example, that the study’s premise
is dualistic (Mudrik & Maoz, 2015; Wood,
1985). Various facets of the empirical para-
digms were also attacked; one example is its
reliance on the W time measure, which was
shown to be problematic (Banks & Isham,
2010; Dennett & Kinsbourne, 1992; Matsu-
hashi & Hallett, 2008; Maoz et al., 2014). It
was further suggested that the readiness po-
tential might not be a genuine marker of un-
conscious decisions, but rather an artificial
accumulation of random fluctuations in the
brain (Khalighinejad, Schurger, Desantis,
Zmigrod, & Haggard, 2018; Schurger, 2018;
Schurger et al., 2012). This has opened a
discussion about the nature and meaning of
the readiness potential (e.g., Fried, Haggard,
He, & Schurger, 2017; Khalighinejad et al.,
2018). A comprehensive review of the field is
outside the scope of this article (though see
Frith & Haggard, 2018; Haggard, 2008, 2019;
Hallett, 2016; Haynes, 2011). Nevertheless, a
clear focus of the neuroscience of volition has
been on picking rather than choosing deci-
sions. At the same time, choosing decisions
have been extensively studied by a different
field—neuroeconomics—which focuses on
value-based decisions.

Figure 2. Reproduction of Libet et al.’s (1983) finding: The readiness potential, a slow
negative shift in scalp electroencephalography, begins several hundred milliseconds
before subjects report the onset of the conscious awareness that they are going to move.
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Neuroeconomics: Studying
Value-Based Decisions

The field of Neuroeconomics is relatively
young, though highly prolific. One of its main
goals is to understand the neural mechanisms
of valuation and choice, which by definition
mostly pertain to meaningful, deliberate de-
cisions, or in the above terminology to choos-
ing. This is divided into several subgoals. The
first subgoal is to identify the neural nodes
involved in the valuation process; that is, to
find brain areas whose activations correlate
with how much an option is (subjectively)
worth to a subject (e.g., Hare, Camerer,
Knoepfle, & Rangel, 2010; Kable & Glim-

cher, 2007; Levy & Glimcher, 2011; Levy,
Snell, Nelson, Rustichini, & Glimcher, 2010;
Plassmann, O’Doherty, & Rangel, 2007,
2010; Tom, Fox, Trepel, & Poldrack, 2007).
A second subgoal is to track an earlier step in
the evaluation processes, asking how a value
of a decision alternative is generated to begin
with (e.g., de Lafuente, Jazayeri, & Shadlen,
2015; Domenech, Redouté, Koechlin, & Dre-
her, 2018; Gold & Shadlen, 2007; Kira, Yang,
& Shadlen, 2015). That is, how do we learn
the value of a decision alternative? And
where in the brain does this learning of values
occur? This could be studied also at the res-
olution of a single trial—namely, how valua-
tions are affected by past experience and ex-
pectations based on memory (Shadlen &
Shohamy, 2016), emotions (FeldmanHall,
Raio, Kubota, Seiler, & Phelps, 2015; Lem-
pert, Johnson, & Phelps, 2016), and current
context (Gluth, Hotaling, & Rieskamp, 2017;
Khaw, Glimcher, & Louie, 2017; Louie,
Khaw, & Glimcher, 2013), as well as by
upcoming evidence regarding the decision
(Powell & Redish, 2016; Scott et al., 2017).
This is often described in computational terms,
under the widely accepted assumption that the
brain accumulates information about the choice
alternatives until a threshold is crossed (either
through a drift diffusion model [Ratcliff, 1979;
Ratcliff & McKoon, 2008] or a race-to-threshold
model [Ratcliff, Hasegawa, Hasegawa, Smith, &
Segraves, 2007; Robinson, 1973; Usher & Mc-
Clelland, 2001]). That is, choices are not made
instantly but involve an accumulation of infor-
mation about the different attributes (either pos-
itive or negative) of the relevant alternatives one
needs to choose from (Busemeyer & Townsend,
1993; Busemeyer, Wang, & Townsend, 2006).
The chosen alternative is determined when the
neural representation of that option (reflecting
the accumulated evidence about it) reaches a
preset threshold. By using these models, re-
searches can account for a wide range of behav-
ioral phenomena: speed–accuracy trade-offs,
the effect of attention on choice, and even
choice biases (for reviews, see Forstmann, Rat-
cliff, & Wagenmakers, 2016; Gold & Shadlen,
2007; O’Connell, Shadlen, Wong-Lin, & Kelly,
2018).

Experimental work in neuroeconomics has
largely capitalized on two main tasks. The first
directly probes subjects to generate a value es-

Figure 3. Areas involved in valuation during deliberate
decisions (colored yellow, green, blue and red; from Levy &
Glimcher, 2012), and in arbitrary decisions (colored purple).
Each shade is accompanied by a title of the same shade.
These two networks mostly do not seem to overlap, sug-
gesting that two different neural mechanisms might be at
play for these two types of decisions. 1 � ventromedial
prefrontal cortex; 2 � orbitofrontal cortex; 3 � dorsolateral
prefrontal cortex; 4 � insula; 5 � primary motor cortex;
6 � posterior parietal cortex; 7 � frontal eye fields; 8 �
visual cortex; 9 � amygdala; 10 � striatum; 11 � supple-
mentary motor area; 12 � supramarginal gyrus; 13 � dorsal
premotor cortex; 14 � Brodmann area 44. From “The Root
of All Value: A Neural Common Currency for Choice,” by
D. J. Levy and P. W. Glimcher, 2012, Current Opinion in
Neurobiology, 22. Copyright 2012 by Elsevier. Reprinted
with permission. See the online article for the color version
of this figure.

6 MUDRIK, LEVY, GAVENAS, AND MAOZ

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.






























	Studying Volition With Actions That Matter: Combining the Fields of Neuroeconomics and the Neuro ...
	The Neuroscience of Volition: Studying Endogenous, Voluntary Decisions
	Neuroeconomics: Studying Value-Based Decisions
	Studying Voluntary Action Using a Neuroeconomic Paradigm
	Other Ways to Study Voluntary Action in the Context of Choosing Decisions
	Conclusions
	References
	Appendix The Role of Consciousness in Choosing Decisions


