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Abstract

Volition refers to a capacity for endogenous action, particularly goal-directed
endogenous action, shared by humans and some other animals. It has long
been controversial whether a specific set of cognitive processes for volition
exist in the human brain, and much scientific thinking on the topic con-
tinues to revolve around traditional metaphysical debates about free will.
At its origins, scientific psychology had a strong engagement with volition.
"This was followed by a period of disenchantment, or even outright hostil-
ity, during the second half of the twentieth century. In this review, I aim to
reinvigorate the scientific approach to volition by, first, proposing a range of
different features that constitute a new, neurocognitively realistic working
definition of volition. I then focus on three core features of human voli-
tion: its generativity (the capacity to trigger actions), its subjectivity (the
conscious experiences associated with initiating voluntary actions), and its
teleology (the goal-directed quality of some voluntary actions). I conclude
that volition is a neurocognitive process of enormous societal importance
and susceptible to scientific investigation.
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1. INTRODUCTION AND SCOPE

We normally have an effortless recognition of our own volition, in that we readily recognize an
action as either what we intended to do or not. Moreover, our capacity for voluntary action is of
great importance to us: We regret or complain vigorously when our capacity for voluntary action
is reduced, for example, by disease or by constraints such as incarceration. Nevertheless, it is not
easy to define volition, nor to pinpoint the difference between an action that is voluntary and one
thatis not. As discussed below, volition seems to involve several rather distinct aspects of action. In
this review, I first outline these different elements, then discuss the distinctive cognitive and neural
mechanisms that underlie volition, and finally consider the impact that psychological theories of
volition might have on wider society. Throughout, I am interested only in volition as it relates
to initiation and control of motor action. There are other, more psychic targets for volition: For
example, can one have volitional control over one’s thoughts, emotions, and other mental states?
Volitional control of action may be more scientifically tractable than purely psychic volition
because the former ends with an objective, measurable, physical event, while the latter does not.

I do not address the important issue of volitional inhibition of action. The capacity to inhibit
an action, particularly a prepotent or impulsive action, is often considered a key marker of volun-
tary self-control (Mischel et al. 1972). In a weak sense, the capacity to inhibit makes all actions
volitional. If someone is able to inhibit their actions, then, it is argued, they could have done
otherwise when they do act. “Could have done otherwise” counterfactuals have been important
criteria for voluntariness in philosophy. However, this criterion is harder to accommodate in be-
havioral science, which typically begins with the observation that a person did act, and cannot
easily accommodate counterfactual descriptions. I therefore distinguish between positive volition,
meaning the initiation of intentional action, and negative volition, meaning the capacity to inhibit
actions that are inappropriate. The literature on neurocognitive processing of negative volition
is somewhat separate from that on positive volition and raises a specific set of methodological
difficulties (for a review, see Filevich et al. 2012).

This review therefore focuses primarily on volitional action initiation rather than on self-
control through action inhibition. The main goal is to characterize the features, cognitive
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Table 1  Some key features of volition and the possible constraints that they imply for the neuroanatomical substrate

Key feature of volition Neuroanatomical constraint
Leads to movement Strong connections to motor areas
No external trigger Weak connections from sensory areas
Reasons responsive Strong connections from valence and reward circuits
Outcome or goal directed Strong connections with planning and monitoring areas
Spontaneous or innovative Independence from subcortical habitual circuits
Involves consciousness Connections to frontal and parietal cortices (remains controversial)

processes, and neural circuits that underpin volitional actions. This may contribute to the wider
psychological project of a substantive explanation of the internal, intentional generativity that
characterizes human behavior. To achieve this goal, I first investigate the defining features that
distinguish volitional actions from other, nonvolitional actions. I then briefly outline the evidence
that two broad cortical regions, the medial frontal and the parietal cortices, play a distinctive
role in human volition. Next, I consider in detail three features that are particularly important to
human volition, namely generativity, subjectivity, and teleology or goal directedness. I end with
brief remarks about the significance of volition for responsibility.

2. DEFINING THE ELEMENTS OF VOLITION

Defining volition is difficult. Table 1 contains some of the key features of volition, based on a range
of philosophical, scientific, and other accounts. The striking feature of the table is the number of
different, sometimes contradictory, connotations of the term. Given this heterogeneity, one might
wonder whether there is a single mental factor of volition at all. One might also be surprised at
how rarely people get confused in everyday life about whether a given action, either their own
or another’s, is volitional. For clarity, I briefly describe some of these features of volition and
explain their background. I start from the view that the distinctive task of psychology is to explain
behavior. “Why did she do that?” is the core question of psychology. The features described in
Table 1 constitute possible answers to this question. Given this starting point, it seems axiomatic
that volition is a mental state that aims at movement, as opposed to some other biological or
psychological function. Therefore, as explained above, I do not discuss the interesting topic of
volitional control of purely mental contents, such as memories, images, and emotions.

Table 1 also shows that each candidate feature of volition has implications for how volition
might be realized in the human brain. These factors are suggestions that may not be universally
accepted or may not be decidable from current neural data. They are included to show that the
debate over whether volition exists, and whether it is a genuine cognitive state or process amenable
to scientific psychological investigation, can also be informed by neural data.

Nossingle one of the features in Table 1 seems necessary on its own to make an action volitional.
However, several of them together may be sufficient. In this review, I try to go beyond the
traditional definition of volition by exclusion to describe the neurocognitive features of volitional
initiation of action. First, however, I describe each feature in turn.

2.1. Internal Generation: Volitional = Not Externally Triggered

Several authors have viewed volition as a matter of internal generation, or endogenicity, of actions.
Internally generated actions are typically contrasted to reactive situations, in which movement is
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a response to external environmental stimuli (Passingham et al. 2010). This approach identifies
either two categorically distinct routes to action (Passingham 1987) or a continuous dimension with
multiple intermediate possibilities between these extremes. One pole involves externally triggered
responses, with simple reflexes as one obvious example. The opposite pole is sometimes defined by
exclusion: an action that is not a reflex. Yet definition by exclusion adds little positive information
about whatvolition is. In one view, volition may involve internally generated information regarding
whether to make an action, what action to make, or when to make it (Brass & Haggard 2008).

Alternatively, internal generation has sometimes been defined as a case where the change that
causes the action is inside the person (or animal), rather than in the external environment. This
definition may also seem unsatisfactory because both internal and external events can trigger
actions which seem reflex-like or compulsive. Yet somehow this internal triggering does not
capture what we mean by volitional. For example, a sudden pain in my abdomen will cause me
to double up and grasp the painful region: The action seems to be internally generated because
it is triggered by some event in some internal organ. However, one might not wish to say that
the action is volitional. Similarly, I may feel compelled to reach for a glass of water because 1
feel extremely thirsty. Some internal causes, such as decisions, may be associated with volition,
whereas other internal events seem to drive responses more directly.

If volitional actions are not caused by external stimuli, then they must be caused by something
else. Modern scientific thought eschews dualist accounts that posit a soul or homunculus as the
cause of action. In fact, the distinction between reflex and internal generation may simply be a
matter of directness of causal chains. In simple reflexes, a single, identifiable stimulus causes an
immediate and spatially focused response. In other cases, an action can reflect an integration of
many sources of input information over an extended time period. Consider voting in an election.
"This seems highly volitional (at least, it should be volitional). It is not independent of the external
environment, but rather depends on an astonishing range of external factors, such as the candidate’s
previous actions, the party’s manifesto, and the position of the candidate’s name on the ballot paper.
Volitional actions integrate across wide contexts, so it becomes hard to identify a single specific
external trigger. Internally generated action does not mean that the action occurs out of nothing,
but rather that it is related to many things (Schiiiir & Haggard 2011). In the words of Gold &
Shadlen (2007, p. 542), such actions are “not governed by the immediacy of sensory input or
motor output.” This freedom arises because of the range and complexity of the information that
is integrated to cause the action.

2.2. Decisional Control: Volition = Not Habitual, Not Automatic

Another approach to volition is based on contrasting volitional actions with automatic or habitual
actions. Habitual actions are characterized by repeated, automatic triggering and stereotyped
execution, with minimal cognitive involvement: “Why did she do that?” “Well, she just always
does” (Dolan & Dayan 2013). This is, again, a definition by exclusion: An action is volitional to
the extent that it does not occur stereotypically, routinely, and automatically. In this contrast,
what makes an act volitional is its origin in a specific decision that this action is appropriate in
the current context, and that the action is initiated based on current needs and goals. Whereas
habitual actions are performed in the absence of any positive decision, I will perform a volitional
action only when and because I decide to do so, and I will control its initiation accordingly.

This formulation captures the counterfactual, or “could have done otherwise,” aspect to voli-
tional action. A volitional action implies a choice, i.e., a positive initiating event or decision, in a
way that a habitual action does not. This may be the choice of whether to act, the choice of which
of several actions to make, or simply the choice between acting now and acting later. The choice
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amounts to generating information that leads to specific details of action, such that a particular
action would occur in some situations (possible worlds in philosophy terminology) but not in
others.

2.3. Goal Directedness: Reasons, Values, Outcomes

Volitional actions are often considered to be actions made for a reason. The reason is typically
a representation of some desirable goal state that is achieved or advanced through the action.
This view has dominated the recent philosophy of action (Davidson 1963). For an action to be
volitional, one should be able to ask a question of the form, “Why did she do that?” In general,
the answer to this question should indicate a specific reason in the agent’s mind. This raises the
central question of whether the agent is necessarily conscious of the reasons for their volitional
action, or whether one can sometimes act volitionally as a result of unconscious reasons. A detailed
discussion of this question would require a psychodynamic account and is beyond the scope of this
article (Levy 2011). However, most thinkers agree that a greater degree of conscious awareness
of the reasons for action corresponds to stronger volition.

Defining volition as goal directedness has clear implications for underlying cognitive mecha-
nisms. At the very least, the agent must have a representation of a goal, must attribute net positive
value to the goal, and must realize that they are not currently in the goal state but could attain
this state through their own action. These cognitive processes would then generate an action that
aims to bring the goal state closer. These cognitive processes imply a degree of counterfactual
thinking, quite distinct from the representation of the current environment considered in the
previous section (for a dissenting view, see Barandiaran et al. 2009). They also require acquiring,
storing, and then recalling action-outcome associations so as to initiate the correct action given

the desired goal.

2.4. Spontaneity

Sometimes, people and animals also generate salient, nonhabitual actions without apparent rea-
son. Such spontaneous actions might reflect either an inevitable but undesired result of motor
noise or a neural generator that occasionally emits exploratory actions (patch leaving in the ter-
minology of animal foraging). This aspect of volition typically emphasizes an apparently aimless
generativity of action, without reasons and without specifically intended reward: “I don’t know
why, I just did it!” Of course, spontaneous, even random, generativity can sometimes be valuable.
First, it can generate an action even when value-based decision making cannot, as in the thought
experiment of Buridan’s ass, who starved through indecision when faced with two bales of high
that seemed equally attractive. Second, foraging has epistemic value (Friston et al. 2015). Coupled
with outcome-based learning, spontaneous action generation can provide an important method
for discovering new and potentially valuable actions. In the psychological literature on voluntary
action, this concept of spontaneous action applies to experimental studies that invoke an urge to
act in the absence of any particular reason or reward for doing so (Libet et al. 1983), and also to
some notions of creative actions.

2.5. Subjective Experience

A final aspect of volition is its relation to conscious experience. For an act to be volitional, one must
be aware that one is acting and aware of initiating one’s act. For example, someone who sleepwalks
is unaware of their walking action and did not choose to initiate it. Someone who makes a reflex
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action in response to an immediate stimulus, such as a sneeze, is aware of their action but is also
aware that they did not choose to initiate it. In general, volitional actions feel entirely different
than physically comparable involuntary movements. Wittgenstein (1953, § 621) famously asked,
“What is left over if I subtract the fact that my arm goes up from the fact that I raise my arm?”
He asked the question ironically, but one plausible answer to his question would be: a subjective
experience of volition.

Is consciousness strictly necessary for volition? The traditional answer to this question is yes: An
action can only be voluntary if the agent is aware of what they are doing. However, what precisely
are they aware of? What is the content of the conscious part of volition? This question remains
controversial. Philosophical theories, following Davidson (1963), generally insist that voluntary
actions arise from intentions, which are typically considered to be conscious propositions or
thoughts. In contrast, modern neuroscience views actions as the result of a causal cascade within
the voluntary motor pathway. Some neural activities within this pathway may additionally cause
conscious experience. In this view, the distinctive conscious experience of volition is a consequence
of neural activity, rather than a cause of neural activity.

3. METHODS FOR THE EXPERIMENTAL STUDY OF VOLITION

Studies of effects of brain damage and disease in humans and other animals have contributed to
understanding volition. Thus, focal lesions of the medial frontal cortex lead to a reduced level of
spontaneous movement in primates (Passingham 1993). Interestingly, damage to the same general
area in humans leads to an excessive degree of stimulus-triggered action, particularly if transcallosal
fibers were also damaged (Boccardi et al. 2002, Della Sala et al. 1991). Neuropsychiatric condi-
tions, notably psychoses, can lead to florid disturbances of volition, in which patients explicitly
report that their actions are not under their own control (Frith 2014). The human neuropsycho-
logical literature on volition generally begins with an intuitive concept of normal voluntary action
and relies on observation to identify how damage and disease alter the normal pattern. Some
researchers have used experimental paradigms to identify how volitional actions of neurological
(Kritikos et al. 2005) or psychiatric (Voss et al. 2017) patients differ from those of healthy volun-
teers. Nevertheless, explicit operational definitions of volition are rare in the neuropsychological
literature. Instead, the value of this literature lies in showing that our somewhat intuitive concept
of volitional control of behavior involves specific cognitive functions that have identifiable bases
in the brain. There are relatively few cases of designed experiments with such patients, or of
neuropsychological double dissociations within the broad area of volition. Therefore, neuropsy-
chology has made only modest contributions to analyzing or fractionating volition into specific
cognitive components (for an interesting exception in the case of inhibition of voluntary action,
see Sumner et al. 2007).

Good experimental design in psychology treats the brain or mind as a black box. Manipulat-
ing the input (stimulus) and measuring output (behavior) allows one to understand the mental
function. However, in volition, the input is, by definition, up to the participant themselves. If the
experimental design is based on a controlled input, then volition seem to disappear. Moreover,
the behavioral output is not easy to reverse engineer: Any given motor action might be caused by
a volitional process or by an involuntary process. The physical features of movement are largely
silent about the movement’s origins. For example, if an action is indeed volitional, then the agent
might have initiated it for any of several reasons. This is why the psychologist’s question, “Why
did she do that?” is so interesting and worth asking. In much of experimental psychology, the
experimental conditions constrain the situation so only one answer to the question is possible:
“Why did she press the button?” “Because the experimenter presented a Go stimulus.” However,
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this does not work straightforwardly for studies of volition. If the experimenter brings about a
volitional action by the normal methods of instruction, stimulus, and context, then the action
seems to be externally triggered rather than truly volitional.

An alternative experimental tradition, going back to the Wurzburg school (Ach 1905), has
resorted to instructions such as “Make an action whenever you feel like it” (e.g., Libet et al. 1983).
This means that the input to the black box, and the reason for the initiation of action, are unknown,
perhaps even unknowable. Importantly, this shifts the emphasis away from the reasons-responsive
aspect of volition and toward the spontaneous, generative aspect. Some authors have argued that
volition then becomes a mere artifact of the social situation, in which the participant behaves in
the way that they believe will satisfy the experimenter’s notion of volition.

Because defining volition is not straightforward, experimental studies are often criticized for
failing to focus clearly on volition. This critique can be either deflationary, i.e., the study is just
about decision making, or inflationary, i.e., the study does not capture what is really meant by
volition. To respond to both critiques, experimental designs can use an operational definition of
volition by designing conditions that differ with respect to one or more of the features shown in
Table 1. Thus, the most common experimental design for studying volition involves comparing
conditions in which the details of an action (such as what action to make, when to make it, or
indeed whether to actat all) are instructed by an external stimulus with one in which the participant
freely chooses and generates these details for themselves (Brass & Haggard 2008, Deiber et al.
1991, Duverne & Koechlin 2017, Frith et al. 1991, Zapparoli et al. 2018). This contrast between
free and instructed actions may not capture everything that one would wish to find in a theory of
volition, but it does provide an operational definition of a factor that is clearly relevant to volition.

4. MECHANISMS OF VOLITION IN THE HUMAN BRAIN

Volition has been defined (Table 1) as a state that leads to movement. Therefore, the brain basis
of volition should be identifiable by reverse engineering the motor pathways and tracing backward
from muscle, to motorneuron, to descending command. This approach would involve following
the final common path, in the words of Sherrington (1906), to find the original motor command
for self-initiated movement.

This approach shows that the primary motor cortex (MI) is not a center for volition, although
it clearly lies on the voluntary motor pathway. Artificial stimulation of MI produces involuntary
movements that feel entirely different from voluntary actions (Haggard et al. 2002). Moreover,
Ml is involved in reflexive (Johansson et al. 1994) and involuntary movements (Ghosh etal. 2014).
Two major frontal cortical areas send afferents to MI. These are the supplementary motor area
(SMA),! located primarily in the medial wall, and the premotor cortex (PMC), located on the
lateral surface of the hemisphere, immediately in front of MI. Both areas are implicated in the
complex control of movement, and both exert a major influence on movement indirectly via MI,
as well as by some direct projections to the cord. However, a striking double dissociation exists be-
tween the functional properties of these areas, which is highly relevant to the definition of volition
given above. The SMA appears to provide neural drive to MI for self-initiated actions, while the
PMC provides drive to MI for actions guided by external stimuli. For example, lesions of the SMA
reduced monkey’s spontaneous movements, while leaving the capacity to respond conditionally
to different visual stimuli intact. Lesions of the PMC had the opposite effects (Passingham 1987).

"The historical SMA is now classically divided into two areas, the more anterior pre-SMA and the posterior SMA-proper,
based on different anatomical connectivity (for a review, see Picard & Strick 1996).
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Halsband and colleagues (1994) recorded from single neurons in both areas while monkeys made
actions either internally-generated from memory, or triggered by external visual stimuli. They
found that neurons in medial areas, such as the SMA, typically responded before or during inter-
nally generated movements, while those in the PMC responded predominantly before or during
externally triggered movements (Halsband et al. 1994). Recordings of single neurons in the SMA
and pre-SMA in humans undergoing neurosurgical evaluation often showed ramp-like changes
in firing rate prior to the moment of self-paced actions in an experiment like that of Libet and
colleagues (1983) (see Fried et al. 2011).

The results of stimulation studies broadly concur with the idea that the medial frontal cortex
plays a special role in initiation of internally generated action. Direct stimulation of the SMA
and pre-SMA areas in neurosurgical procedures sometimes elicits an experience described as an
urge to move (Fried et al. 1991) without evoking actual movement. Interestingly, this experience
is somatotopically specific, in that the patient can or does report to which specific body part the
urge relates. This finding provides a crucial argument against the widespread skeptical claim that
the experience of volition is merely a post hoc rationalization triggered by the need to make
sense of one’s own body movements (Banks & Isham 2009, Wegner 2002). Rather, premovement
activity in these medial frontal areas would produce a conscious motor experience of volition,
in somewhat the same way that neural activity in visual motion areas produces conscious visual
experiences of motion. Interestingly, stronger stimulating current at the same locations would
often evoke movements, typically of the same body part that was previously named in the report
of urge to move. This could mean that the centers responsible for the experience of volition lie on
the main voluntary motor pathway, which is activated artificially by direct stimulation. However,
the result could also be explained by simple spread of current to the adjacent motor cortex through
nonphysiological paths.

Interestingly, a recent study has reported a rather different experience of will to persevere
during stimulation of the anterior mid-cingulate cortex, lying deeper within the medial wall,
below the pre-SMA area. An illustrative patient report describes the feeling as: “push harder, push
harder, push harder to try and get through this...” These experiences again occurred without
evoked movement, although they were accompanied by autonomic responses. Interestingly, they
included a strong emotional component apparently absent from SMA or pre-SMA stimulation
(Parvizi et al. 2013).

An important current controversy involves the relative contributions of medial frontal versus
parietal regions in volition. Evidence from psychophysical studies in patients with parietal lesions
confirms an abnormal and delayed experience of volition in the Libet task (Sirigu et al. 2004).
Again, direct stimulation in neurosurgical patients has emerged as a key experimental method,
since it has allowed scientists to break the normal association between the subjective feeling of
volition and the occurrence of voluntary movement. Desmurget and colleagues (2009) reported
several cases of self-reported urge to move (“je veux bouger”) during intraoperative stimulation
of the parietal cortex. These were somatotopically specific and were not accompanied by evoked
movement. Unfortunately, the setting of neurosurgical evaluation does not easily allow the kind of
exploratory testing or detailed psychophysical and psychometric evaluations that the experimental
psychologist might wish for. Therefore, it remains unclear how similar the experiences of volition
elicited by medial frontal and parietal stimulation may be.

Given the evidence to date, it seems likely that both medial frontal and parietal areas contribute
to the generation and subjective experience of voluntary action. However, the major anatomical
projections of the two areas differ. This review begins the search for mechanisms of volition by
reverse engineering the voluntary motor pathway. A major input to the frontal and prefrontal
cortices comes from the basal ganglia via the thalamus. This ascending input is organized into
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a series of parallel loops, which are thought to drive different forms of cognition and action
(Alexander et al. 1986). Medial frontal areas associated with volition receive both direct thalamic
inputs and indirect inputs relayed from other prefrontal cortical areas (Picard & Strick 1996). In
contrast, the parietal cortex receives input primarily from posterior sensory areas. It sends output
to the motor cortex for the guidance of movement and is also thought to receive direct or indirect
reciprocal connections from motor areas in the form of efference copies (Desmurget et al. 2009).
The parietal cortex is argued to generate conscious experience when it integrates these incoming
efference copies. Furthermore, the content of the experience corresponds to the motor command
information contained in the efference copy.

5. GENERATIVITY IN HUMAN VOLITIONAL ACTION

I define volition first and foremost as a state or process that leads to action. Historically, the
study of human volition has been strongly linked to studies of the neural origin or generation of
actions. The initial breakthrough came when Kornhuber & Deecke (1965) used back-averaging
of human electroencephalogram (EEG) data time-locked to self-paced movements. Using this
method, they found a gradual, ramp-like increase in negativity prior to volitional actions. This
signal is not normally visible on any single trial because itis swamped by the much larger variation in
background EEG. However, it can be extracted from noise by averaging across several movement
epochs. The morphology of this potential recalled a build-up or preparation for movement, which
may explain Kornhuber & Deecke’s choice of name: Bereitschaftspotential, or readiness potential
(RP). The RP often begins 1 s or more before movement onset and continues to rise until just
before the onset of muscle contraction, at which point there is a sharp reversal into positivity.
The potential is initially maximal over the frontal midline; it has been localized to the medial
frontal cortex but is broadly distributed. The morphology of different subcomponents within
the RP has been debated, but the most striking feature is a shift in the topography toward the
hemisphere contralateral to the hand that will move. This lateralized readiness potential (LRP)
occurs some 500-200 ms before the onset of the movement itself (Haggard & Eimer 1999).
LRP onset is considered an important marker for studies of volition because it represents a time
point by which information about which of the two hands will be used to make the action must
have been generated. Neuroimaging studies suggest that it may correspond to a progression of
activation from medial frontal regions into MI itself. In conditions where there is no external
instruction regarding which hand to use, action selection must be internally generated. The LRP
onset provides a chronometric marker that such selection has occurred. In practice, few paradigms
have used LRP onset to investigate internal selection of which hand to use for volitional actions.
One possible reason for this may be the difficulty of ensuring that participants make these decisions
in real time, rather than predeciding a sequence of responses in advance (see Misirlisoy & Haggard
2014).

Importantly, the RP seems to mirror some of the key criteria for volition. Notably, the RP
was found to be present prior to internally generated actions but absent prior to actions that were
triggered by an unpredictably occurring external stimulus (Jahanshahi et al. 1995). Interestingly,
if the external cue occurs at a predictable time (for example, at a fixed latency after a warning
signal), then a potential known as contingent negative variation (CNV) occurs in anticipation of
the external stimulus. The CNV and RP have similar topographies, and there has been extensive
controversy regarding whether they represent two distinct brain processes or only one (Rohrbaugh
& Gaillard 1983). This issue raises questions regarding the RP: Should it be considered as prepa-
ration or energization for movement, or as a passive anticipation, along the lines of a CNV, that
an event is about to occur? The question remains unresolved.
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Several studies have considered how different kinds of internal generative processes might
affect the RP. Libet et al. (1983) made an interesting distinction between Type I and Type IT RPs.
Type I RPs featured an early onset, often 1.5 s or more prior to action, and a high peak amplitude.
They were associated with an explicit conscious deliberation and with preplanning or preparation
of the upcoming movement. In contrast, Type II RPs had a later onset, typically between 500 and
1,000 ms prior to action, and a lower maximum amplitude. They were associated with movements
that occurred more spontaneously, without prior deliberation, but “freely capricious in origin”
(Libet et al. 1983, p. 625). It remains unclear from Libet and colleagues’ description whether the
distinction reflects an instruction that they gave to their participants or a commentary that they
offered on their own experiences. This may explain why, despite the paper being highly cited, the
Type I/ Type II distinction appears not to have been taken up by the field. In any case, Libet and
colleagues’ result does suggest that the RP is positively associated with cognitive engagement and
effort with respect to the impending movement. The more the participant thinks about the action,
the earlier and larger is the RP.

A similar conclusion follows from a more recent study (Verleger et al. 2016). Participants were
simply instructed to make self-paced actions at a given rate, either explicitly counting the seconds
between actions or not. Longer interaction intervals were associated with earlier and larger RPs,
suggesting that the time available for the preparatory build-up may have a major influence on RP.

Taken as a whole, the RP literature has generally accepted that the RP is a readout of a
distinctive cognitive process related to the volitional generation of action. This entire concept
has been challenged by a recent study of internally generated action. Schurger and colleagues
(2012) began with the well-established concept of accumulation of evidence in decision making,
as implemented in drift diffusion models (e.g., Gold & Shadlen 2007). In such models, a decision
and a motor response is triggered when accumulating evidence about a stimulus reaches a preset
threshold level. Schurger and colleagues then hypothesized that the timing of internally generated
actions, in the absence of any external stimulus, might depend on the accumulation by a leaky
integrator mechanism of some unknown stochastic source of internal neural noise. On this view,
the RP is essentially a readout (albeit an imperfect one) of the trajectory by which the random walk
of neural activity is accumulated and approaches the threshold to trigger an action. Each individual
action is preceded by a different pattern of random walk, but the approach to the threshold is always
in the same direction, from below, since the threshold-crossing is the mechanism for triggering the
action. When these different preaction signals are averaged across trials, they produce a gradual,
ramp-like pattern with the same appearance as the RP. However, interpreting this pattern as the
signature of a specific neural signal would be a mistake—indeed, there is no signal at all that
triggers the action at a specific moment. Rather, the timing of actions is random, and the RP is
an artifact of biased sampling of a noisy neural signal, with the bias coming from the fact that the
extraction of the signal is locked to the threshold-crossing event that triggers the action. Schurger
and colleagues’ model also makes clear predictions about the relationship between the form of the
RP and the delay prior to self-initiated action. These predictions were experimentally confirmed
(Schurger 2018). A simple stochastic model would also predict that the RP should have a fixed
maximal amplitude, reflecting the height of the decision threshold above the initial level of the
random signal. This prediction has not been systematically tested.

This model clearly shifts the view of voluntary action from being a specific brain process to
being a product of stochastic activity, at least as regards the timing of action. Importantly, it is
a competence model rather than a performance model: The model shows how actions and RPs
could be generated without demonstrating that they actually are generated in this way in the
human brain. However, the model offers a parsimonious account of action generation. Models
of voluntary action as random have generally met critical reaction in philosophy as not being
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part of what we mean by free will (e.g., Dennett 1984). In fact, Schurger and colleagues (2012),
interestingly, leaves open the possibility that a decision to act might exist, but that this decision
is taken after crossing the threshold for action, instead of at the start of the process. Accord-
ing to this theory, action decisions would essentially be decisions to suspend actions that are
about to happen, rather than decisions to initiate them. This possibility, which is not the central
part of Schurger and colleague’s argument, seems more plausible for Type II than for Type 1
(Libet et al. 1983) actions.

Khalighinejad et al. (2018) recently developed a novel paradigm for eliciting internally gen-
erated movements at a time decided by the participant themselves [as in the work of Libet et al.
(1983)], but in the context of a specific reason to act. Participants made volitional actions as a
means of avoiding random and potentially long waits for stimulus onset in a perceptual decision
task. Khalighinejad et al. found that these volitional skip responses were reliably preceded by a
clear RP, while responses in control trials involving an external instruction to move given at the
same time point after trial onset were not. The reason to act would presumably be the time saving
generated by not waiting for the perceptual decision task to begin. More strikingly, they found
that the variability across trials of the RP showed a marked additional reduction in the 1.5 s prior
to movement onset for volitional skips, compared to the instructed control trials.

The convergence of EEG into an RP-like pattern seems, at first sight, incompatible with
stochastic theories of action. However, some part of the convergence effect is clearly an artifact of
aligning the data on the moment of action: The variability of a stochastic model at the moment of
crossing the threshold that triggers action is defined to be zero. The fact that variability begins to
decrease as early as 1.5 s prior to action seems more revealing, since it suggests that any random
processes underlying action generation must be extremely slow. In fact, Khalighinejad etal. (2018)
were able to model both the RP and its progressively decreasing variability using a stochastic
accumulator model, but only by adding an additional parameter. This parameter involved an
additional reduction in the amplitude of neural noise in the voluntary skip condition, compared
to the control condition of instructed responding. This finding suggests that the stable EEG
patterns associated with human volition may be due to an active process of neural noise control.
The cognitive processes of attention to task and cognitive effort have likewise been identified with
active processes of neural noise control (Muhammed et al. 2015).

6. THE SUBJECTIVE EXPERIENCE OF VOLITION

Table 1 highlights the fact that volition involves a characteristic subjective experience of intending
and controlling actions, as well as engagement of specific neurocognitive mechanisms. Volition
has a self-referential quality (Searle 1983): For an action to be volitional, one must be aware of the
action and also aware thatit s related to one’s own processes of intending, deciding, and initiating.

Defining the content of this awareness has proved problematic, as the above quote from
Wittgenstein (1953) suggests. The qualia of volition have been described as thin and elusive
(Metzinger 2006), and attempts to investigate them run into the hard problem of consciousness
(Chalmers 1995).

The most productive approaches to the phenomenology of volition have come from dissoci-
ations. These have shown that the phenomenology of volition can be doubly dissociated from
motor activity. First, as described above, direct stimulation of the cortex of awake humans can,
in specific cases, produce a phenomenal experience resembling volition, in the absence of actual
movement (Desmurget et al. 2009, Fried et al. 1991). In a second dissociation, recruitment of the
voluntary motor pathways can occur without phenomenology of volition. An interesting exam-
ple comes from voluntary movements made under hypnotic suggestion, which are experienced
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as passive. Recent studies using implicit measures rather than explicit reports (Lush et al. 2017,
Oakley & Haggard 2006) support the view that suggestion reduces primary experiences of volun-
tariness and does not simply involve task demands favoring reports of involuntariness. A further
example comes from the involuntary movements (tics) that characterize Tourette syndrome. These
movements are known to emerge from activation of the cortico-striato-thalamo—cortical path-
ways underlying voluntary movement, yet are experienced as involuntary (Bohlhalter et al. 2006).
Some reports suggest that tics are preceded by an RP that corresponds to an experience of urge to
tic (Duggal & Nizamie 2002), although this remains controversial (Karp et al. 1996), and contrary
findings have also been reported (Obeso etal. 1981). Taken as a whole, these examples suggest that
the subjective experience of volition, although normally related to action, is doubly dissociable
from action. Classical neuropsychology would conclude that the subjective experience of volition
involves a different brain mechanism than does action generation. However, this logic is based
on a neuropsychology of separable modules, which does not fit well with the known recurrent
loop organization of the brain circuits for action generation. One might say, instead, that the
experience of volition arises within the action generation loop, but from a center that can also
activate independently of the loop as a whole.

The tradition of mental chronometry focuses on the subjective time of experiences, which can
provide indirect information about the content of experience. The well-known experiment by
Libet and colleagues (1983) has dominated discussions of volition in neuroscience and philosophy
for decades. The study and its implications have been reviewed many times elsewhere (Frith &
Haggard 2018, Lavazza 2016). Most previous discussions have focused on the philosophical debate
between compatibilism and incompatibilism, asking whether Libet and colleagues’ data invalidates
the concept of conscious free will. In this section, I focus on what mental chronometry data can
tell us about the subjective experience of volition and its relation to the processes and features
described in Table 1.

Briefly, in the experiment by Libet and colleagues (1983), participants were invited to make
a voluntary movement at a time of their own choice. They noted the position of a rotating spot
at the time that they first felt the urge to move. The essential finding was that the conscious
experience of will, which Libet and colleagues termed W judgement, occurred an average of
206 ms before movement onset. Importantly, this was markedly later than the start of the RP,
which Libetand colleagues took as a marker of a specific brain process driving action initiation (fora
recent alternative view, see Schurger etal. 2012). Libet and colleagues concluded that unconscious
neural activity must be the cause of both our actions and our conscious experience of willing them.
This result rules out Cartesian dualist views in which a conscious intention might trigger the
brain activity leading to movement. However, although dualist views are widely embedded in folk
psychology and general culture, they are already marginalized in modern scientific psychology.
In fact, scientific psychology has long held that conscious experience is a consequence of brain
activity, rather than a cause. Thus, the real impact of Libet and colleagues” work on modern
psychology has not come from its rejection of dualism, but from an eliminativist reading of this
work developed by Dennett & Kinsbourne (1992) and others (Banks & Isham 2009, Wegner
2002).

This reading goes beyond Libet and colleagues’ (1983) assertion that the conscious experience
of volition cannot trigger the initiation of action. It further suggests that conscious volition is an
afterthought and not any part of the action-generating process at all. Consciousness is removed
from action generation in two ways. First, the conscious experience is generated after action has
been initiated, as the inferred cause of one’s own actions (Banks & Isham 2009, Wegner 2002).
Second, volition is seen as a post hoc interpretation of events, which structures the conscious expe-
rience of action, rather than as a real-time perception or readout of a process of action generation.
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Conscious volition would become an interesting cognitive artifact in the brain’s attempt to provide
a coherent narrative of events, rather than a bona fide mental state or process. There is no doubt
that such narrative restructuring of experience exists and plays a powerful role in experience of
action. However, to claim that all experience of volition is merely post hoc narrative, as some psy-
chologists apparently do (Banks & Isham 2009, Wegner 2002), may be too strong—people at least
sometimes experience volition by the same perception-like mechanisms that allow them to per-
ceive other sensory and motor signals, such as sensations. In the case of volition, the source of the
signal is central rather than peripheral, but the experiences have similar structures and potentially
even similar functions. The neuropsychological cases described above offer some evidence against
strong reconstructionism. A strong reconstructionist would predict that a person with Tourette
syndrome should feel their tics as voluntary (they do not) and would predict that experience of
volition without action should not occur (yet it can, at least with artificial stimulation; see Fried
etal. 1991).

Some recent psychophysical studies confirm an experience of volition independent of post
hoc narrative. Matsuhashi & Hallett (2008) asked participants to make occasional movements;
however, if (and only if) they heard a randomly presented tone occurring after the time at which
they first developed the intention to move, then they were asked to desist from moving for a few
seconds. By analyzing the distribution of action times relative to tone time, they could estimate
how long before a movement participants could detect the intention, if probed by the tone. Their
estimate of —1.42 s was substantially earlier than Libetand colleagues’ (1983) —206 ms. Matsuhashi
& Hallett suggested two levels of conscious experience of volition. At the lower level, participants
are not yet spontaneously aware that they intend to act. Nevertheless, they are latently aware,
because they will acknowledge the intention if specifically probed. At a higher level, participants
spontaneously become aware of the intention to act. If the experience of volition were merely a
reconstruction based on the moment of one’s action, then the substantial time difference between
these two measures would be difficult to explain. In fact, reconstructionist accounts cannot readily
explain how participants could make systematic responses to the probe tone based on their own
experience of volition.

In summary, in this section, I argue that a bona fide subjective experience of volition may exist.
In addition to this direct experience, the brain’s general reinterpretative mechanisms construct a
coherent flow of one’s own volitional actions. Reconstruction doubtless occurs and plays a crucial
role in conscious experience generally. However, reconstructionist views have led to eliminativist
readings of the Libet et al. (1983) experiment, which are oversold. Convincing neurocognitive
evidence suggests that volition has a genuine preinterpretational experiential aspect, and that this
experience is a product of premovement cortical activity.

7. TELEOLOGY IN HUMAN VOLITION

In this section, I discuss the aspect of volitional actions that aims at goals. Typically, humans
and other animals generate volitional actions for a reason, namely to bring about some desirable
outcome or goal state. The goal becomes the purpose (in Greek, telos) of the action. Sometimes
the goal is remote in space and time when the action is initiated. In that case, the goal-directed
action is internally generated, based on an internal representation of the goal state, rather than
being sensorially guided as a response to a goal stimulus.

Relatively few studies on volitional action generation have provided a clear reason or goal for
action. Studies in the tradition of Libet and colleagues (1983) have generally used the instruction,
“Move when you feel the urge to do so,” while those in the tradition of Kornhuber & Deecke
(1965) have often used a self-paced instruction, “Make an action approximately every N seconds.”
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Both paradigms seem thin and artificial compared with the range and complexity of action choices
that people confront in daily life. Another tradition, originating in reward-based decision making,
offers clear choices between alternative actions that typically differ in value or affect (for a review,
see Hunt & Hayden 2017). However, when the values of actions are known, the representation
of the optimal action may appear almost like an instruction, and the internal generation feature
of volitional action becomes elusive. In some views, all affective guidance of behavior reduces to
primitive approach and avoid behaviors, triggered by appetitive and aversive stimuli, respectively
(Gray & McNaughton 2003). It can be difficult to distinguish between actions that are guided
by internal representations of valenced outcomes, which might count as volitional, and those
that are guided by more or less explicit representations of valenced stimuli, which might seem
less volitional. Moreover, the reward-guided decision making literature has a tendency to view
actions merely as neutral reports of a hidden valence variable, rather than as comprising a distinct
neurocognitive domain in its own right (for a notable exception, see Guitart-Masip et al. 2011).

The characteristic marker of goal-directed action is that the action is merely a means toward
achieving an outcome, the goal. The goal is more important than, and hierarchically superior to,
the motor action used to achieve it (Pacherie 2008, Thorndike 1927). The notion of ideomotor
action (James 1890, Prinz 1987) has also been used to capture this predominance of outcomes over
actions. An elegant insight into this hierarchical relationship comes from Hebb’s (1949) concept
of motor equivalence. Hebb argued that there are typically several possible movements that will
result in a given goal or outcome, and that these movements are, in essence, all equivalent, to the
extent that they achieve the same progress toward the goal. The animal cares about what happens,
rather than about how it makes something happen.

To produce goal-directed action, the brain needs three essential processes: an action selection
mechanism to select the action likely to produce the goal, a motor output mechanism to execute
the action, and a monitoring mechanism to confirm that the goal has been achieved. The last
process is particularly important if achieving the goal triggers some further action, as in a complex
action sequence (Shallice 1988), or if it is useful to update the action—outcome link for potential
future use. Importantly, linking these three mechanisms together allows healthy adult humans,
and to a lesser extent other animals, to radically transform the environment in which they live.
A rat can press a lever to receive food, but humans can build houses to have shelter or sow seeds
to harvest food. The human brain’s capacity for goal-directed action has profoundly transformed
the environment, to the extent that, as I look around me now, everything that I see is a product of
human agency, rather than a natural object.

I note above that subjective experience is a core feature of human volition. This applies equally
to the teleology aspect of volitional action. The sense of agency refers to the subjective experience
that one controls one’s own actions and, through them, causes outcomes in the external world.
This experience is so ubiquitous thatit can be difficult to isolate for experimental study. Moreover,
asking people directly whether they are responsible for an outcome is notoriously problematic,
because of self-serving bias (Bandura 1982): People routinely report agency over positive events
but deny it over negative events, regardless of whether they actually caused those events. However,
implicit measures of sense of agency over outcomes have been developed based on time perception.
In the intentional binding effect, the perceived interval between a volitional key-press action and an
outcome such as a brief auditory tone is misperceived. The action is perceptually shifted toward the
outcome, and the outcome is perceptually shifted toward the action that caused it. This amounts
to an enhanced perceptual association between action and outcome, which presumably highlights
the experience that one’s action causes the outcome [Hume 1978 (1888)]. Crucially, this binding
effect is found only for outcomes that follow one’s own volitional actions and is absent or reversed
when the voluntary key press is replaced by a passive movement (Haggard et al. 2002).
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The intentional binding effect has previously been reviewed elsewhere as a potential measure
of normal and abnormal sense of agency (Haggard 2017). Therefore, I focus in this section on
recent evidence that this effect indeed tracks the operation of the three critical mechanisms for
volitional control of goal-directed action described above: selecting between alternative actions,
causing affectively relevant changes in the external environment, and monitoring those changes.
These findings broadly confirm that intentional binding is a valid marker of sense of agency during
goal-directed action.

First, several studies confirm that the ability to choose among several possible actions increases
intentional binding. This suggests that action selection indeed makes an important contribution
to sense of agency. Interestingly, this effect of free choice was found both when all possible actions
led to the same outcome (motor equivalence; Barlas & Obhi 2013) and when they led to different
outcomes (Barlas etal. 2018). Another study compared conditions in which the same action choices
either did or did not predict action outcomes (Beck et al. 2017). Intentional binding was stronger
in the former than in the latter case. Caspar and colleagues (2016) reported an analogous difference
between binding effects when deciding for oneself and when coercively instructed by someone else.

Second, several studies have reported stronger intentional binding for positive outcomes than
for negative outcomes. This result was found for emotional vocalizations (Yoshie & Haggard 2013),
but only when the valence was a predictable consequence of the action (Yoshie & Haggard 2017).
Stronger intentional binding was also found for less versus more painful laser stimuli triggered by
voluntary actions (Beck et al. 2017) and for positive versus negative financial outcomes (Takahata
etal. 2012). Interestingly, no difference in intentional binding was found when the negative versus
neutral outcomes of one’s action were experienced by a third party, rather than by oneself (Caspar
etal. 2016).

Reinforcement guides our choices regarding what action to make. Therefore, Di Costa et al.
(2017) recently embedded measures of intentional binding within a probabilistic reversal learning
task to investigate how the sense of agency for volitional actions varied with reward-guided learn-
ing. Interestingly, Di Costa and colleagues did not find reliable differences in intentional binding
between rewarded and unrewarded actions. However, they found a small but reliable effect re-
lated to error-based learning. The perceived time of actions was more markedly shifted toward
the ensuing outcome on trials following a previous action error than on trials following a previous
action that evoked a reward. This posterror agency boost was found only when action-outcome
relations were stable, i.e., when people could learn which action to select. This result has important
implications for the teleology of volition. The sense of agency depends on the motivation to try to
make a difference in the external world through one’s actions, as well as on whether one succeeds
in making the intended difference or not. Trying, or conation, has lost the central place that it
once had in experimental psychology (Haggard 2001), perhaps because of an understandable pref-
erence for clear instructions and defined experimental paradigms. I would like to emphasize the
adaptive value of combining outcome-directed volitional action with reinforcement. This combi-
nation allows humans and other animals to generate innovative actions, to experience how their
own actions can transform their environment, and to favor those actions that produce positive
outcomes. Relatively simple cognitive mechanisms of this kind may be sufficient to explain the
wide range and complex organization of human action, up to and including the socially oriented
actions that we collectively describe as civilization (Clark 1969).

8. WIDER SIGNIFICANCE: VOLITION AND RESPONSIBILITY

Most human societies have the concept that individuals are responsible to others for the ef-
fects of their actions. This notion captures the obvious fact that one’s own actions may have
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important impacts on others, and that these impacts should guide individual volition. The golden
rule of ethics, for example, can be seen as a constraint on individual volition: Act only according
to that maxim whereby you can, at the same time, will that it should become a universal law
[Kant 1993 (1785)]. Without such constraints, each individual might use their capacity for voli-
tional action in a way that potentially harms others and themselves: Unbridled volition may be
dangerous. To enforce this constraint, societies typically punish individuals who commit wrong
actions and may also reward individuals who do the right thing, often through a normative sys-
tem of laws. For such processes of social guidance or social constraint to work, individuals must
understand that they take actions, that these actions may have important outcomes, and that
the likely outcomes of their actions must drive their action choices (Law Comm. 2013). That
is, they must have a neurocognitive capacity to grasp the consequences of their actions, and
they must deploy this capacity at the moment of controlling the action. These conditions cor-
respond to the teleology of volition and the generativity of volition, respectively. For example,
I am responsible for the immediate and foreseeable consequences of my actions, but I am not
responsible, or less responsible, for outcomes of my action that I could not reasonably fore-
see. Likewise, I am responsible for actions that I make with full awareness and prior planning,
but not responsible, or less responsible, for movements that are involuntary or of which I am
not aware, such as reflexive movements made in self-defense or movements made while sleep-
walking (Rolnick & Parvizi 2011). In systems of law that descend from Roman law, the combined
teleological and generative notions of volition are jointly captured by the concept of mens rea,
which is a necessary condition for a criminal act. Correspondingly, the law allows two distinct de-
fenses implying diminished responsibility. First, if one does not or cannot know the consequence
of one’s actions, one may be less responsible—the so-called cognitive defense. Second, if one
was unaware that one was acting, one may be less responsible—the so-called volitional defense
(Lacey 2010).

Volition is therefore a neurocognitive and psychic process of high societal importance. So-
cieties work on the assumption that people are generally aware of their actions and of those
actions’ foreseeable consequences, since only then can they be responsible for an action that is
wrong. Modern societies value volition because of its capacity for innovation but must never-
theless constrain it to ensure it serves a social purpose, rather than narrow individual gratifi-
cation (Popper 1962). It may seem surprising that a neurocognitive process as high level and
labile as volition could be the fundamental enabler of advanced societies. There are three pos-
sible reactions to this paradox. The first reaction points to the highly plastic nature of volition.
Volition is strongly susceptible to modulation through learning (Di Costa et al. 2017), includ-
ing social learning. Societies can and do readily guide individuals’ volition through cultural re-
inforcement. Volition may be a cultural gadget par excellence (Heyes 2018). The second reac-
tion minimizes the role of volition in society. In this view, most human actions are conditioned
and habitual, rather than volitional. Social responsibility becomes a mechanism for conditioning
actions to prevent undesirable spontaneous variants in human behavior. This view seems incom-
patible with modern ideas of individual freedom (Diderot & D’Alembert 1751, Skinner 1972),
although it may have some application in the smaller groups found in some human societies
(Dunbar 2018, Lévi-Strauss 1961). The third reaction denies the premise that so-called advanced
societies have developed appropriate and proportionate constraints on human volition. In this
view, burgeoning prison populations and widespread white-collar crime, among other social phe-
nomena, would demonstrate the difficulty of reconciling the individual capacity for volition with
social benefit. Scientific understanding of the neurocognitive processes underlying human voli-
tion seems inextricably linked to the wider societal aim of understanding and promoting human
flourishing.
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9. CONCLUSION

"This review attempts to provide a working definition of volition and to show how neurocognitive
mechanisms of the human brain may explain the generativity, subjectivity, and teleology of human
voluntary action. The notion of conscious free will is deeply embedded in many human cultures
and forms a scaffolding concept for modern society. This review does not address the question of
whether people indeed have conscious free will: That is probably not even the important question
to ask. People do, however, have some capacity for endogenous action, so eliminativist accounts of
volition have perhaps been misguided and premature. The capacity for endogenous action may be
limited, but it seems very important, particularly in social contexts. Scientific enquiry into human
volition may be difficult, but it is also possible, and it is certainly valuable.
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