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When we achieve willed actions, we do not feel as though 
those acts simply happen to us, we strongly sense to be in 
charge. Such subjective experience of authorship is known as 
sense of agency.1 In other words, we are aware of intending, 
initiating, and controlling our volitional movements (so-called 
“body agency”),2 as well as their consequences in the external 
world (“external agency”),2 and this awareness is vital for sur-
vival. Indeed, perceiving to be an agent allows distinguishing 
actions that are self-generated from those that are generated by 
others. This, in turn, contributes to the key signature of human 
nature, that is, the phenomenological experience of 
self-consciousness.3

At present, sense of agency is thought to arise from signals 
within the motor system, such as motor intentions, planning, 
premotor processing, efference copy, and sensorimotor predic-
tions.4 In particular, one of the most influential neurocognitive 
models of such experience focuses on signals related to motor 
control5 and puts forward a specific explanation. It is known 
that any willed action starts with a desire or a goal state on 
which the brain must create the motor commands necessary to 
trigger and drive the action to the final goal. Besides the motor 
commands, the system also creates their efferent copy, which is 
useful to predict the more likely sensory consequences of the 
given action.6 It is stated that the subsequent comparison 
between predicted and actual outcomes is the main source of 
signals for the construction of the sense of agency.4,7-10 
Specifically, whenever the actual sensory consequences (reaffer-
ences) match the predictions made by the motor system, a feel-
ing of being an agent arises. Being based on a causal relationship 
between an action and its effect, such mechanism primarily 
explains the sense of agency over external events (external 
agency). For instance, if I am thirsty and I quickly get a glass of 

water, I experience a seemingly coherent feeling of agency over 
those events. At the neural level, such complex process is sub-
served by the activity of a large variety of brain structures. In 
particular, a number of studies11–15 demonstrated that human 
sense of agency requires the involvement of the frontoparietal 
network including the superior/inferior parietal cortex, the 
supplementary motor area, and the anterior cingulate cortex.

It is worth emphasizing, however, that whenever we suc-
cessfully achieve volitional actions, we feel not only being in 
control of our movements and their consequences but also that 
those movements are being executed through our own body 
(body agency). For instance, if I am thirsty and I quickly get a 
glass of water, I experience that my own body is moving toward 
the glass. In the absence of any movement, such an embodied 
and enduring sense of being aware of our own body, termed 
body ownership,16 is known to be rooted in multisensory inte-
gration. In other words, it arises whenever the body-related 
afferent sensory signals (ie, visual, tactile, proprioceptive, kines-
thetic, auditory, etc) that constantly reach our body are inte-
grated in both spatial and temporal terms. For example, if 
someone else caresses my arm, I experience that body part as 
my own because I see and I feel the touches at the same time 
and in the same place. All in all, the stronger the spatiotempo-
ral congruency among these signals, the higher the feeling of 
body ownership.17–20 It is thought that in the human brain, 
body ownership is underpinned by the activity of a network 
including premotor areas, the occipitotemporal cortex, the pri-
mary/secondary somatosensory areas, and the anterior 
insula.18,21–23

Capitalizing on the above-mentioned considerations, it fol-
lows that the coherence, the richness, and the completeness of 
human subjective experience of being the agent of a 
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given voluntary action necessarily requires both awareness of 
controlling the actions and awareness of owning the body that 
achieves them. However, whether, how, and to what extent 
body ownership has a role in building up such experiences is an 
issue that only very recently has come to the forefront of the 
scientific investigations. For these reasons, in this article, we 
aimed at reviewing all studies that, in one way or another, 
investigated the possible role of body ownership in building up 
the sense of agency over the body movements.

Most of the existing literature that examined the role of 
being aware of one’s own body in sense of agency is obtained in 
experimental conditions where actual participant’s movements 
are always present.2,24,25 Such approach is not trivial but, rather, 
strongly driven by the above-mentioned predominant notion 
that the sense of agency relies almost entirely on the match 
between predicted and actual action outcomes.3,6-9 Hence, con-
sidering action execution as a necessary condition to trigger 
sense of agency implies that body ownership can have only an 
additive role. Among those studies, the work by Tsakiris et al26 
suggested, for the first time, that the two senses might share 
some anatomo-functional features. This claim had the merit of 
sparking and strengthening the interest around this topic. 
Accordingly, another study directly tested this hypothesis in an 
experimental setting.27 More specifically, the authors of the 
study manipulated body ownership and examined any possible 
causal effect on sense of agency. To do so, they employed the 
rubber hand illusion paradigm, a well-known experimental 
manipulation that allows to induce a temporary feeling of own-
ership over a fake life-sized hand.28 The illusion occurs when 
temporally synchronous (but not asynchronous) touches are 
delivered onto a visible rubber hand and onto the hidden par-
ticipants’ hand and when the rubber hand is placed in a congru-
ent (0°), but not in an incongruent (eg, rotated 180°) position 
with respect to the participant’s body. Such paradigm was inte-
grated with a phenomenon typically considered an implicit sig-
nature of sense of agency,27 namely sensory attenuation.29–32 
This phenomenon consists in the fact that the perceived inten-
sity of the sensory consequences of an agent’s voluntary actions 
is attenuated with respect to the intensity of physically identi-
cal externally generated events. Hence, the ability to set apart 
sensations originating from external causes from self- 
generated sensations is thought to contribute to creating and 
maintaining the sense of agency. Overall, the study showed that 
when a seen dummy hand that was perceived as one’s own 
moved repeatedly and synchronously with the participants’ 
hand, somatosensory stimuli delivered to the participants’ body 
by that hand were attenuated exactly as it happened when the 
own real hand delivered the stimuli. The attenuation did not 
occur if the hand was not perceived as one’s own. Similar con-
clusions have been obtained by means of another experimental 
manipulation of body awareness able to induce an illusory 
ownership of the whole body rather than of a body part only. 
Such paradigm, known as the full body illusion,33 induces the 

illusory experience of owning the body of a life-sized virtual 
avatar in immersive virtual reality. As with the rubber hand 
illusion, this experience occurred only with synchronous 
touches and with the avatar seen from a congruent posture (0°). 
Two different studies employed the full-body illusion and 
measured the sense of agency explicitly through an ad hoc 
questionnaire on the subjective experience of being an 
agent.34,35 Both studies demonstrated that when the seen ava-
tar perceived as the own body moved its limbs synchronously 
with participants’ actual limbs, participants falsely attributed to 
themselves the words uttered by the avatar only.34 On the con-
trary, no illusory agency were present when the avatar was not 
perceived as the own body. In summary, this first set of studies 
showed that if an external object that is perceived as part of 
one’s own body moves together with the participant’s body, an 
illusory sense of agency over the movements of that object 
arises. This does not happen if the moving external object is 
not perceived as part of one’s own body.

As all the studies mentioned so far always included actual 
participant’s movements, they did not allow clarifying if body 
ownership has a role per se in building up the sense of agency. 
However, there is another part of the literature that attempted 
to solve this problem by excluding the movements. Within this 
perspective, interesting findings come out from a recently dis-
covered stroke-induced disorder of body ownership.36 In such 
delusion, hemiplegic patients (ie, with complete full unilateral 
motor deficits) treat and care for someone else’s hand as their 
own hand. As for the rubber hand illusion, the delusion emerges 
only if the alien hand is located in congruent postural positions 
(0°). Garbarini et al37 asked whether such pathological embodi-
ment affected the conscious experience of voluntary action. 
These authors reported that whenever the patients were asked 
to move their impaired hand, but only the “alien” embodied 
hand actually moved (due to the complete plegia), they misat-
tributed the movement to their own will. This did not happen 
when the alien hand was rotated 180°. Similarly, two different 
studies38,39 with brain-computer interface showed that if par-
ticipants’ imagined movements matched the movements of 
mind-controlled robotic arm, an illusory agency over those 
movements occurred.

Another evidence came from a study employing the full-
body illusion showing that when a virtual embodied avatar was 
walking repeatedly along a route, while the participant 
remained still, an illusion of walking occurred.40 This did not 
happen when the avatar was not embodied. It is also worth 
noting that highly automated actions, as walking, are thought 
to prime the movements and intentions to move in advance. In 
summary, this second set of studies showed that, if participants’ 
motor representations (eg, motor intentions, motor imagery or 
motor plan) match the movements of an external object per-
ceived as part of one’s own body, an illusion of agency arises. 
This does not happen if the moving external object is not per-
ceived as part of one’s own body.
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All just-mentioned studies have the merit of excluding 
actual participant’s movements. However, as motor representa-
tions were (or could still be) present, none of them could fully 
guarantee that any kind of efferent signals was prevented. 
Hence, also this literature cannot provide unequivocal evidence 
of the role of body ownership independently from any kind of 
motor-related signals. However, other studies seem to able to 
create an experimental setup preventing the presence of any 
possible efferent signals. Braun et al41 capitalized on another 
well-known implicit index of sense of agency, the temporal 
binding.42–44 This phenomenon consists in the fact that the 
temporal interval between a voluntary action and its external 
sensory consequence is subjectively perceived as compressed 
with respect to when the action and consequences are not caus-
ally linked. As sensory attenuation, this phenomenon contrib-
utes to creating our awareness of voluntary action. The authors 
simply capitalized on this phenomenon and measured whether 
certain temporal binding was present also for the actions of an 
embodied dummy hand. It is worth noting that the study 
reported conflicting findings. Indeed, it described both double 
dissociations and associations between ownership and agency. 
Other studies were specifically designed to strongly control for 
the problem of efferent signals.45–47 They employed the same 
logic already mentioned above, that is manipulating body own-
ership (by means of the rubber hand illusion) and examining 
any possible causal effect on sense of agency. Furthermore, the 
movements of the embodied body part were quite unpredicta-
ble and quick. Hence, even more hidden signals, such as primed 
motor intentions, were almost certainly prevented. These two 
studies employed an already mentioned index of the sense of 
agency (ie, sensory attenuation) and an hoc questionnaire on 
the subjective experience of agency. It is worth emphasizing 
that measuring both implicit (ie, sensory suppression) and 
explicit (ie, questionnaire) aspects of sense of agency allows, in 
principle, to obtain more solid findings and an in-depth picture 
of the topic. This is relevant as there is also some evidence sug-
gesting that sensory attenuation could not be strictly related to 
sense of agency.48,49 Results showed that when a dummy hand, 
perceived as one’s own, pressed a button delivering an electrical 
stimulus to the participant’s body, such movement was subjec-
tively misattributed to the participant’s own will and the stimu-
lus intensity was attenuated (exactly as it happened when one’s 
own hand delivered the stimulus). As in the other studies, the 
pattern was not present when the dummy hand delivering the 
somatosensory stimulus was not embodied. It is worth noticing 
that one of those studies47 attempted also to obtain neural evi-
dence of the role of body ownership on sense of agency. The 
authors found that disrupting the activity of the brain struc-
tures known to subserve sensory attenuation eliminated sen-
sory attenuation effect for both one’s own movements and the 
movements of an embodied dummy hand. In summary, these 
latter studies demonstrated that if an external object is per-
ceived as one’s own, an illusion of authorship over that object’s 
actions can arise.

To sum up, here we reviewed evidence supporting the idea 
that body ownership does have a role in human sense of 
agency, specifically body agency. The review shows that being 
aware of one’s own body has a role per se in building and 
maintaining the sense of agency, namely it can act on agency 
attribution in the absence of any efferent signals, such as motor 
intentions and feedforward predictions, and causes preceding 
effects and so on. First, it is worth noticing that giving any role 
to body ownership is not trivial but, rather, consistent with 
human nature. Indeed, our actions are achieved mainly through 
the physical body,50 and the body is a prerequisite for any suc-
cessful interaction with the environment.51 Indeed, it is already 
known that body ownership affects motor control, allowing to 
estimate limb positions,52 to tune motor commands,53 and to 
adjust errors.54 Hence, discovering its role also within motor 
consciousness would not be surprising. Here, we suggest that 
the signals that give rise to body ownership might have a key 
role in sense of agency by acting on agency attribution in the 
absence of any efferent signals. How is it possible to reconcile 
in a concrete manner this idea with the current neurocognitive 
model of the sense of agency? As already mentioned, the clas-
sical motor control model of sense of agency states that the 
experience of being an agent arises from the comparison 
between predicted and actual outcomes.4,7-10 This, in turn, 
means that action preparation is a necessary condition to have 
any experience of being an agent. We put forward the idea that 
under some circumstances, only seeing the own body moving 
would be enough to activate the neurocognitive processes sub-
serving action preparation. At this point, the feeling of agency 
over that specific given act would be triggered. Such a process 
could be exemplified by the inference: “since this is my body 
part, any action performed by it would be intended by me.” 
Furthermore, in dynamic conditions, that is when we actually 
achieve the willed actions, body ownership would provide 
additional signals to the efferent motor-related signals and 
would contribute to the subjective experience of being an 
agent. Within this view, sense of agency is conceived as a very 
flexible neurocognitive mechanism. Indeed, it is rooted in the 
dynamic and optimal integration among efferent and afferent 
signals. Any given source of information would be weighted 
according to the specificity of the context and the actual avail-
ability of signals.55

We have to emphasize that the present review did not aim 
to investigate the interactions between human body ownership 
and sense of agency but, rather, it focused on the role of the 
former in the construction of the latter. Therefore, this article 
cannot provide an exhaustive picture of the complex interplay 
between the two senses, and future studies in this direction 
should allow gaining key hints to understand human bodily 
self-consciousness.

Author Contributions
All authors contributed to manuscript preparation as well as 
drafting and finalyzing the text.



4	 Journal of Experimental Neuroscience

ORCID iD
Lorenzo Pia  https://orcid.org/0000-0002-0360-3152

References
	 1.	 Jeannerod M. The mechanism of self-recognition in humans. Behav Brain Res. 

2003;142:1–15.
	 2.	 Kalckert A, Ehrsson HH. Moving a rubber hand that feels like your own: a dis-

sociation of ownership and agency. Front Hum Neurosci. 2012;6:40.
	 3.	 Pacherie E. The phenomenology of action: a conceptual framework. Cognition. 

2008;107:179–217.
	 4.	 Haggard P. Human volition: towards a neuroscience of will. Nat Rev Neurosci. 

2008;9:934–946.
	 5.	 Blakemore SJ, Frith C. Self-awareness and action. Curr Opin Neurobiol. 

2003;13:219–224.
	 6.	 Wolpert DM, Ghahramani Z, Jordan MI. An internal model for sensorimotor 

integration. Science. 1995;269:1880–1882.
	 7.	 Blakemore SJ, Wolpert DM, Frith CD. Abnormalities in the awareness of 

action. Trends Cogn Sci. 2002;6:237–242.
	 8.	 Haggard P. Conscious intention and motor cognition. Trends Cogn Sci. 

2005;9:290–295.
	 9.	 Haggard P, Chambon V. Sense of agency. Curr Biol. 2012;22:R390–392.
	10.	 Moore JW. What is the sense of agency and why does it matter. Front Psychol. 

2016;7:1272.
	11.	 Tsakiris M, Schutz-Bosbach S, Gallagher S. On agency and body-ownership: phe-

nomenological and neurocognitive reflections. Conscious Cogn. 2007;16:645–660.
	12.	 Farrer C, Franck N, Georgieff N, Frith CD, Decety J, Jeannerod M. Modulating 

the experience of agency: a positron emission tomography study. Neuroimage. 
2003;18:324–333.

	13.	 Chaminade T, Decety J. Leader or follower? Involvement of the inferior parietal 
lobule in agency. Neuroreport. 2002;13:1975–1978.

	14.	 Leube DT, Knoblich G, Erb M, Kircher TTJ. Observing one’s hand become anar-
chic: an fMRI study of action identification. Conscious Cogn. 2003;12:597–608.

	15.	 Zapparoli L, Seghezzi S, Scifo P, et al. Dissecting the neurofunctional bases of 
intentional action. Proc Natl Acad Sci U S A. 2018;115:7440–7445.

	16.	 Gallagher II. Philosophical conceptions of the self: implications for cognitive 
science. Trends Cogn Sci. 2000;4:14–21.

	17.	 Costantini M, Haggard P. The rubber hand illusion: sensitivity and reference 
frame for body ownership. Conscious Cogn. 2007;16:229–240.

	18.	 Petkova VI, Bjornsdotter M, Gentile G, Jonsson T, Li TQ , Ehrsson HH. From 
part- to whole-body ownership in the multisensory brain. Curr Biol. 
2011;21:1118–1122.

	19.	 Tsakiris M, Haggard P. The rubber hand illusion revisited: visuotactile integra-
tion and self-attribution. J Exp Psychol Hum Percept Perform. 2005;31:80–91.

	20.	 Holmes NP, Spence C. Multisensory integration: space, time and superadditiv-
ity. Curr Biol. 2005;15:R762–R764.

	21.	 Ehrsson HH, Spence C, Passingham RE. That’s my hand! Activity in premotor 
cortex reflects feeling of ownership of a limb. Science. 2004;305:875–877.

	22.	 Limanowski J, Blankenburg F. Network activity underlying the illusory self-
attribution of a dummy arm. Hum Brain Mapp. 2015;36:2284–2304.

	23.	 Fiorio M, Weise D, Onal-Hartmann C, Zeller D, Tinazzi M, Classen J. Impair-
ment of the rubber hand illusion in focal hand dystonia. Brain. 
2011;134:1428–1437.

	24.	 Kalckert A, Ehrsson HH. The moving rubber hand illusion revisited: comparing 
movements and visuotactile stimulation to induce illusory ownership. Conscious 
Cogn. 2014;26:117–132.

	25.	 Kalckert A, Ehrsson HH. The onset time of the ownership sensation in the mov-
ing rubber hand illusion. Front Psychol. 2017;8:344.

	26.	 Tsakiris M, Prabhu G, Haggard P. Having a body versus moving your body: how 
agency structures body-ownership. Conscious Cogn. 2006;15:423–432.

	27.	 Kilteni K, Ehrsson HH. Body ownership determines the attenuation of self-gen-
erated tactile sensations. Proc Natl Acad Sci U S A. 2017;114:8426–8431.

	28.	 Botvinick M, Cohen J. Rubber hands “feel” touch that eyes see. Nature. 
1998;391:756.

	29.	 Roussel C, Hughes G, Waszak F. Action prediction modulates both neurophysi-
ological and psychophysical indices of sensory attenuation. Front Hum Neurosci. 
2014;8:115.

	30.	 Hughes G, Desantis A, Waszak F. Mechanisms of intentional binding and sen-
sory attenuation: the role of temporal prediction, temporal control, identity pre-
diction, and motor prediction. Psychol Bull. 2013;139:133–151.

	31.	 Blakemore SJ, Wolpert DM, Frith CD. Central cancellation of self-produced 
tickle sensation. Nat Neurosci. 1998;1:635–640.

	32.	 Burin D, Battaglini A, Pia L, Falvo G, Palombella M, Salatino A. Comparing 
intensities and modalities within the sensory attenuation paradigm: preliminary 
evidence. J Adv Res. 2017;8:649–653.

	33.	 Maselli A, Slater M. The building blocks of the full body ownership illusion. 
Front Hum Neurosci. 2013;7:83–15.

	34.	 Banakou D, Slater M. Body ownership causes illusory self-attribution of speak-
ing and influences subsequent real speaking. Proc Natl Acad Sci U S A. 
2014;111:17678–17683.

	35.	 Banakou D, Slater M. Embodiment in a virtual body that speaks produces 
agency over the speaking but does not necessarily influence subsequent real 
speaking. Sci Rep. 2017;7:14227.

	36.	 Pia L, Garbarini F, Fossataro C, Burin D, Berti A. Sensing the body, represent-
ing the body: evidence from a neurologically based delusion of body ownership. 
Cogn Neuropsychol. 2016;33:112–119.

	37.	 Garbarini F, Fossataro C, Berti A, et al. When your arm becomes mine: patho-
logical embodiment of alien limbs using tools modulates own body representa-
tion. Neuropsychologia. 2015;70:402–413.

	38.	 Alimardani M, Nishio S, Ishiguro H. Humanlike robot hands controlled by 
brain activity arouse illusion of ownership in operators. Sci Rep. 2013;3:2396.

	39.	 Perez-Marcos D, Slater M, Sanchez-Vives MV. Inducing a virtual hand owner-
ship illusion through a brain-computer interface. Neuroreport. 2009;20: 
589–594.

	40.	 Kokkinara E, Kilteni K, Blom KJ, Slater M. First person perspective of seated 
participants over a walking virtual body leads to illusory agency over the walk-
ing. Sci Rep. 2016;6:28879.

	41.	 Braun N, Thorne JD, Hildebrandt H, Debener S. Interplay of agency and owner-
ship: the intentional binding and rubber hand illusion paradigm combined. PLoS 
ONE. 2014;9:e111967.

	42.	 Wolpe N, Moore JW, Rae CL, et al. The medial frontal-prefrontal network for 
altered awareness and control of action in corticobasal syndrome. Brain. 
2014;137:208–220.

	43.	 Moore JW, Obhi SS. Intentional binding and the sense of agency: a review. Con-
scious Cogn. 2012;21:546–561.

	44.	 Desantis A, Roussel C, Waszak F. On the influence of causal beliefs on the feel-
ing of agency. Conscious Cogn. 2011;20:1211–1220.

	45.	 Burin D, Pyasik M, Salatino A, Pia L. That’s my hand! Therefore, that’s my 
willed action: how body ownership acts upon conscious awareness of willed 
actions. Cognition. 2017;166:164–173.

	46.	 Burin D, Pyasik M, Ronga I, Cavallo M, Salatino A, Pia L. “As long as that is 
my hand, that willed action is mine”: timing of agency triggered by body owner-
ship. Conscious Cogn. 2018;58:186–192.

	47.	 Pyasik M, Salatino A, Burin D, Berti A, Ricci R, Pia L. Shared neurocognitive 
mechanisms of attenuating self-touch and illusory self-touch. Soc Cogn Affect 
Neurosci. 2019;14:119–127.

	48.	 Dewey JA, Knoblich G. Do implicit and explicit measures of the sense of agency 
measure the same thing? PLoS ONE. 2014;9:e110118.

	49.	 Weller L, Schwarz KA, Kunde W, Pfister R. Was it me? – filling the interval 
between action and effects increases agency but not sensory attenuation. Biol Psy-
chol. 2017;123:241–249.

	50.	 Gallese V, Sinigaglia C. The bodily self as power for action. Neuropsychologia. 
2010;48:746–755.

	51.	 Georgieff N, Jeannerod M. Beyond consciousness of external reality: a “who” 
system for consciousness of action and self-consciousness. Conscious Cogn. 
1998;7:465–477.

	52.	 Faivre N, Donz J, Scandola M, et al. Self-grounded vision: hand ownership 
modulates visual location through cortical beta and gamma oscillations. J Neuro-
sci. 2017;37:11–22.

	53.	 Shibuya S, Unenaka S, Zama T, Shimada S, Ohki Y. Spontaneous imitative 
movements induced by an illusory embodied fake hand. Neuropsychologia. 
2018;111:77–84.

	54.	 Nielsen TI. Volition: a new experimental approach. Scand J Psychol. 1963;4: 
225–230.

	55.	 Moore JW, Fletcher PC. Sense of agency in health and disease: a review of cue 
integration approaches. Conscious Cogn. 2012;21:59–68.

https://orcid.org/0000-0002-0360-3152



