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Abstract

The objective of this work is to evaluate the impact of agency deficiency on presence. We hypothesize that a
deficit in agency, such as occurs in schizophrenia, has repercussions on the sense of presence as well as on per-
formance in a sensorimotor test involving the body. Nineteen healthy controls and 19 stable patients with schiz-
ophrenia, matched by age and gender, participated in the study. We used new interactive technologies that en-
able the users to physically interact with a virtual environment and simultaneously sees themselves performing
the actions. Two conditions were balanced: the control condition in which the participant see himself or her-
self doing the test, and the mask condition, in which the central part of the participant’s body is hidden. At the
end of the test, all participants completed a questionnaire on presence. The results show that control partici-
pants performed better than those with schizophrenia in the control condition. On the contrary, in the mask
condition, their performance was significantly lower, whereas participants with schizophrenia obtained the
same score as in the control condition. Controls also rated higher in the scale of presence than did participants
with schizophrenia. Those results seem to corroborate a relationship between agency and presence. The body
awareness and the self in schizophrenia are discussed in the light of agency. 
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Introduction

ACCORDING TO PLATO’S ALLEGORY of the Myth of the Cave,1

there is a clear distinction between the world of appear-
ances (in the cave), in which one is deceived, and the world
of Truth (outside the cave). In virtual reality (VR), one could
suppose at first glance that there is also a dichotomy between
the physical world and an idealistic or virtual world, as it is
disclosed by the oxymoron. Indeed, the body belongs to the
physical world, whereas the mind is projected into an “imag-
inary” one by means of virtual sensations. In VR, however,
Plato’s myth encounters a limitation because the two worlds
overlap. The body, the receptacle of sensations, connects them
and thus creates an “illusion of presence.”2

Presence is commonly defined as a “psychological state of
being in one place, or environment, even when one is phys-
ically situated in another.”3 What characterizes VR is pre-
cisely a sensory conflict between two physicalities. Conse-
quently, “virtual presence” involves the sense of being there,
in the virtual place, rather than in the real physical place
where the person’s body is actually located. It is an attempt
to create the illusion that distant users can be physically pres-
ent by overlapping real-sense data with virtually produced

sense data. Virtual presence is created by artificial devices:
computers are used to generate objects and environments
that are presented to users through a number of senses (vi-
sion, hearing, etc). Virtual presence is about verifying the
success of overlapping real-sense data with virtually gener-
ated sense data.

Creating a sense of presence is an essential component and
necessary condition of the involvement in VR. In fact, some
authors suggest that presence is valuable because it increases
motivation and leads to better learning and more engaging
experience. Slater and Wilbur4 distinguish between the con-
cepts of immersion and presence, stating that presence is “a
state of consciousness, the sense of being in an environment.”
By contrast, immersion happens when one perceives oneself
to be enveloped by, included in, and interacting with an en-
vironment that provides a continuous stream of stimuli and
experiences. However, immersion is a component of pres-
ence, according to Slater, and the higher the degree of im-
mersion, the higher the degree of presence.5

Beside its putative definitions, presence encounters diffi-
culties in its direct application to an experiment. Some un-
certainties yet remain on its measurement, which might put
in jeopardy the concept of presence itself. In the literature,
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the validity of the methodology has been severely criticized,
essentially because it is evaluated by a subjective question-
naire. Presence adopts different forms for each person at dif-
ferent moments and moods and is also related to the tech-
nology. There is also no evidence that the components of
presence always exist as observable events within a virtual
world. Considering these problems, several authors have
suggested that neuroscience of social cognition contributes
to clarify the definition and bring a more productive ap-
proach.6

In line with this view, an analysis of the concept of agency
may be useful for acquiring insight into the sense of pres-
ence. Agency is indeed a crucial concept because it is related
to the individual–environment distinction essential to pres-
ence. It provides a sense of self, which is a fundamental step-
ping stone to building identity. Thus, the assumption “I
move, therefore I am” clarifies this idea.

Russell defines agency as the exercise of a first-person ex-
perience that has four features: the first two deal with the
ability to process the information and control what the agent
should achieve.7 Action monitoring is an integral feature of
information processing of the agent, and this in turn is prin-
cipal to our making at least a primitive basis to distinguish
between how the world appears and how it is in fact. A cru-
cial component in this distinction is the involvement of the
body, which is essential to act and to identify whether it is
caused by an external or internal source. More precisely, this
perspective emphasizes the contribution of the body in pres-
ence. Russell explains that sensory perception is linked with
action and that presence comes from agency through the
ability to distinguish the self from others.7

Relating to VR, Slater et al.8 argue that the sense of pres-
ence is increased when the body is involved in a virtual en-
vironment (VE). They find a positive association between the
whole-body movements and presence. In this view, presence
would be not only a sense, a feeling, but also an ability to
act. Reality is grounded in action rather than in sensations
and appearances. This approach, in line with Zahorik and
Jenison’s, concentrates on action rather than sensory data
and makes the perception–action coupling necessary to ex-
perience presence. According to Zahorik and Jenison, “Be-
ing there is actually the ability to do here.”9 Thus, the VE
has a reality because of the process of action and interaction
within the environment. We suppose that this characteriza-
tion overcomes the distinction between the “real” and the
“virtual” worlds—recalling Plato’s dichotomy—and re-
places it with a perception–action loop that associates those
two “worlds.” In line with this view, Herrera et al.10 argue
that presence is partially rooted in agency, as our mental de-
velopment is connected with our interaction with the envi-
ronment and the exercise of our agency. Even though both
concepts have a different epistemological status, agency con-
tributes to presence from early age.

The main goal of the current work is to evaluate the im-
pact of agency deficiency on presence. If presence and
agency are related, then a person who suffers from a men-
tal disorder characterized by agency deficit—such as schiz-
ophrenia—should consequently experience a lower sense of
presence. If it is not the case, the relationship would need to
be re-examined.

Frith et al.11 explains that in schizophrenia, the positive
symptoms are related to a failure in the mechanism of
agency, or more specifically, in discriminating one’s actions

from those of another person. Consequently, people with
schizophrenia can have delusions that other people are caus-
ing movement of their bodies. Moreover, several studies re-
port that there are subtle problems consistent with a lack of
awareness of predicted actions in schizophrenia. These pa-
tients fail to make rapid error corrections based on aware-
ness of discrepancies between intended and predicted limb
positions, although they have no difficulty correcting errors
based on visual feedback about actual limb positions.12 The
discrepancy between the predicted and the actual sensory
consequences of actions modulates the sense of agency.

One could suppose that in schizophrenia, the sense of
presence is higher because the symptom of derealization—
defined as an unreality of the outside world—is currently
found in the patients suffering from this disorder. In con-
trast with this point of view, we support Zahorik and Jeni-
son’s9 idea of presence, and we believe that people with
schizophrenia should experience a lower sense of presence
in the VE due to a dysfunction of agency.

Albeit some studies have analyzed the correlation between
body movements and presence,8 only a few so far consider
the impact of the visual perception of one’s own body in ac-
tion. Thus, we outline two major objectives in this study:

• A deficit of agency, such as in schizophrenia, provokes a
decrease in the sense of presence in a sensorimotor test in-
volving a visual perception of the participant’s body.

• When the level of the perception–action coupling is lower,
due to less visual information, the performance of controls
should decrease. On the contrary, they should remain
identical for the group of participants with schizophrenia
due to the agency deficit.

Our hypothesis is that an agency deficit has repercussions
on the sense of presence as well as on performance in a sen-
sorimotor test involving the body. The test we chose evalu-
ates the user’s motor control ability in a VE, and it incorpo-
rates a visual perception of the body so that the sense of
presence should consequently increase.13 Presence can be en-
hanced if the observer perceives self-movement in the VE.
The users therefore have two different accesses to the self:
access through the action of performing the test and access
through being the agent.

Materials and Methods

Participants and recruitment

Nineteen healthy controls (10 men, 9 women) and 19 sta-
ble patients with schizophrenia (10 men, 9 women), matched
by age and gender, participated in the study. All participants
gave informed consent after a clear description of the study.
Two patients with schizophrenia out of 21 were excluded from
this study because of unwillingness to participate (one of them
stated that her image was distorted: “I can’t stand it; the im-
age of myself is too distorted”). Participants’ ages ranged from
20 to 47 years old (overall SD � 8, M � 33; control SD � 8,
M � 32.6; schizophrenia group SD � 8.22, M � 33.3).

Healthy controls were evaluated by the Mini International
Neuropsychiatric Interview (MINI) questionnaire14 to en-
sure that they corresponded to the inclusion criteria. All the
participants with a history of any psychiatric disorder, neu-
rological disorder, or substance abuse were excluded from
the study.
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Participants met DSM-IV15 criteria for schizophrenia, ac-
cording to the Structured Clinical Interview for DSM-IV Axis
I Disorders (SCID) (14 paranoid, 3 disorganized, and 4 un-
differentiated). Positive and negative symptoms were also
evaluated with the Positive and Negative Syndrome Scale
(PANSS)16 by a psychiatrist of the unit of the Ville Evrard
Hospital on the day of the experiment. All the patients were
on neuroleptic drugs. We excluded the patients to whom any
antidepressants or thymoregulators drugs were prescribed.
Clinical and demographic characteristics of the participants
are displayed in Table 1. Information on the duration of the
illness, the treatment, and the number of previous hospital-
izations was recorded for each patient. None of the partici-
pants in this experiment were familiar with the VE prior to
the test.

Material description

We use an Augmented Reality (AR) test (Eye Toy, created
by Sony PlayStation® games) in which the participant’s body
image and his or her background are projected by a webcam
in a virtual world. The real images and the VE are displayed
simultaneously on the same screen (latency less than 100 ms).
The difference between AR and VR lies in the fact that the
goal of VR is to immerse the user in an artificial world (which
can be imaginary, symbolic, or a simulation of certain as-
pects of the physical world). By contrast, AR permeates the
physical world with the computer graphics. It creates an in-
teraction between the real and the virtual worlds by using
the integration of real images with virtual entities. The user
interacts with the virtual world by means of physical move-
ments.

Description of the test

In the test, the participant faces a virtual mirror (“Mirror
time”), which has certain targets to reach (green balls) or to
avoid (red balls) in each corner. The mirror is horizontally
or/and vertically inverted in a random order. Each partici-
pant is given 3 minutes to reach as many targets as possible.
If the participant reaches more than three red balls, the test
ends prematurely. One specific sound is associated with each
success or error accordingly. This test necessitates a distinc-

tion between self-ascription and world-ascription in the vir-
tual world. The way users interact with the surroundings is
an indication of their control of their movements and of how
they manifest their grasp of the spatial properties of the en-
vironment.

Prior to the test, each participant did a pretest in order to
ensure that the instructions were understood correctly. Par-
ticipants understood that they would be inserted into a vir-
tual world and would simultaneously be able to see them-
selves.

Two conditions were randomly alternated:

• The control condition previously described (see Photo 1).
• The mask condition: the central part of the body is hid-

den by a shadow. Users cannot see their body as a whole
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TABLE 1. AGE OF PARTICIPANTS AND PANSS SCALE

Age of the participants

Sex Group Average SD Range

Male HC 28.8 7.54 20–47
Schz 29.6 8.06 19–47

Female HC 37.4 6.54 27–47
Schz 38.1 6.27 27–47

Participants with schizophrenia

PANSS Average SD Range

Positive 24.5 7.08 13–36
Negative 22.8 6.39 12–35
Psychopathologic 48.1 11.70 33–76

HC, healthy control; Schz, schizophrenia.
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and therefore cannot tell whether or not their image is up-
side down. They can see only their arms moving to ac-
complish the task (Photo 2).

Procedures

Each participant repeated the test six times after execut-
ing the pretest. After performing the test, each participant
completed a presence questionnaire,17 which consists of vari-
ables, or subscales, that affect presence.3 For example, it
questions the user on the extent to which the VE was con-
sistent with reality (realism). Another subscale asks to what
extent the interactions felt natural to the participant. It has
been supposed that the more control a person has over the
task, environment, or interaction with the VE, the higher he
or she will score in the “possibility to act” subscale. The qual-
ity of the interface was also questioned in order to address
whether control devices interfere with or distract from the
task performance. The questionnaire also deals with the abil-
ity to examine the objects of the VE, the identification of the
sounds during the test, and a self-evaluation of the general
competences in the test.

The duration of the test and the clinical evaluation was
approximately 2 hours.

Statistical analysis

In order to test the hypothesis—according to which a
deficit of agency has repercussions on the sense of presence
and on performance on a sensorimotor test—we used a one-
way ANOVA for repeated measures. The interfactors was
the group (two modalities), and the intrafactors were the con-
ditions (two modalities) and the trials (four modalities).

Results

No participants from either group experienced any ad-
verse effects after or during the test.

Performance on the test

The analysis of performance shows a significant group ef-
fect (F[1, 36] � 96.68, p � 0.0001) as well as a condition ef-
fect (F[1, 36] � 4.98, p � 0.032). Moreover, the group/condi-
tion effect is F[1, 36] � 6.02, with p � 0.019. The means of
performance are displayed in Table 2. There is a striking con-
trast between the two groups in the differences in perfor-
mance between the two conditions. In control participants,
mean � 60.7 for the control condition, and mean � 46.8, with
p � 1.002 for the mask condition. In participants with schiz-
ophrenia, mean � 24.3 and mean � 25, with p � 0.88 in the
mask condition (Table 2 and Figure 1). No correlations be-
tween positive or negative symptoms, the subtypes of schiz-
ophrenia, or performance were found in our results. Con-
trols showed a decrease in performance in the mask
condition. On the contrary, the schizophrenia group had al-
most the same performance in the mask condition.

Questionnaire of presence

The comparison of presence between the control and the
schizophrenia groups are displayed in Table 3. The overall
average is higher in controls than in patients with schizo-
phrenia, and the subscales of presence also show some sig-
nificant differences among the two groups. In controls, over-
all mean � 118.2, SD � 15.79; and in the schizophrenia
group, mean � 104.8, SD � 18.34; p � 0.02. The “possibility
to act” is higher for controls, meaning that their interaction
with the environment felt more natural and that the control
of their movements was more important than for partici-
pants with schizophrenia (TE � 4.28, p � 0.0001). Moreover,
controls found the environment more realistic than did those
with schizophrenia (TE � 2.27, p � 0.03), and they developed
a better ability to examine it (TU[28] � 2.65, p � 0.013). The
“quality of interface” was also significantly different, as the
control devices interfere more in the task performance for
participants with schizophrenia than for controls, probably
due to a lack of attention.
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TABLE 2. MEANS OF PERFORMANCE

Group CO CA Student T-test p-value

HC 60.7 46.8 �3.31 0.002
Schz 24.3 25.0 0.16 0.88
Student T-test 8.69 5.22
p-value �0.0001 �0.0001

HC, healthy control; Schz, schizophrenia; CO, control condition; CA, mask condition.
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Discussion

In order to complete the test properly, users must reach the
green targets with their hands and avoid the red balls. The
consequences of an action correspond to the intention of the
action. In the case of the mirror inversions, sensory conflicts
are created and corrections of the actions need to be made.
The visual location of the hands deviates from their expected
location, and adjustment of the movements by the user are re-
quired. The conflict between the motor command and the vi-
sual feedback is then experienced as opposing the intention
of action to the proprioception resulting from its execution.
This inadequacy creates a cognitive conflict, which necessi-
tates an awareness of the sensory feedback and a conscious
control of the body.18 Thus, the monitoring becomes a crucial
component in the control of the conscious movements. In this
process, the self-generated internal model is compared to the
consequences and can be modified by the online actions of the
participant in case of a mismatch. When the mirror is inverted,
the user should then adjust his or her internal model accord-
ing to the output of the expected sensorial feedback. It is pre-
cisely the matching between the right action and the sensory
feedback that reinforces the sense of agency.19

In the mask condition, the adjustment between the motor
command and the sensory consequences of the controls is
interfered with because the visual information is conse-
quently reduced. The user cannot know whether or not the
mirror is inverted. The perception–action coupling is there-
fore less important, which explains the lower score of the
control group in this condition. This result is an indication
of the importance of the central part of the body in the con-
text of perception–action among the control participants. In-
deed, the body provides the basis for an egocentric spatial
frame of reference, which is necessary to obtain a high per-
formance on the test. In this case, “perception and action are
therefore spatially defined according to the perceiving and
acting body.”20 The conscious image of one’s own body is
like a fleeting recognition aimed at integrating afferences
from visual information, proprioception, and monitoring of
motor commands into a coherent spatial structure. Direct vi-
sual perception of one’s own body and conscious attention
to some body parts contribute to the constitution of the per-
ceptual aspect of the body image.

People with schizophrenia encounter difficulties in the
mirror inversions, and they adjust the matching between the
intention and the consequence of the action with more dif-
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TABLE 3. COMPARISON OF PRESENCE BETWEEN CONTROL AND SCHIZOPHRENIA GROUPS

HC Schz Test of significance

Presence Mean SD Mean SD T p

Realism 36.8 5.07 32.4 6.93 TE � 2.27 0.03
Possibility to act 23.1 3.10 17.8 4.37 TE � 4.28 0.0001
Quality of the interface 8.7 4.36 10.2 3.46 TE � �1.15 0.26
Possibility to examine 13.8 1.75 11.6 3.19 TU[28] � 2.65 0.013
Self-evaluation of performance 11.9 1.79 10.3 2.54 TE � 2.29 0.03
Auditive 15.3 3.23 13.4 6.31 TU[29.7] � 1.29� 0.20
Haptic 7.84 4.07 9.16 2.32 TU[28.5] � �1.22 0.23
Global score 118.2 15.79 104.8 18.34 TE � 2.42 0.02

HC, healthy control; Schz, schizophrenia; TE, student’s t test with nonsignificantly different variances for the two groups; TU, student’s t
test with significantly different variances for the two groups (in square brackets are the degrees of freedom evaluated for this study); p, prob-
ability associated with the t test.

FIG. 1. Differences in performance between the conditions in the groups. (X-axis: conditions, with F for familiarization;
CO, control condition; CA, mask condition. Y-axis: score on the test.)
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ficulty than do controls. Several patients reported a lack of
agency and body distortion during the test: “When my im-
age is inverted, I have the impression that my hand moves
away”; “I don’t have the control of my movements”; “It is
not me who is moving, but a duplicate.” Other patients ex-
perienced a loss of ownership of some body parts: “I feel that
someone else’s hand is replacing mine; it is also bigger than
my own hand.” Those comments reveal that a mismatch be-
tween the efferent copy and the sensory feedback may pro-
voke a lack of agency and ownership. Surprisingly, the mask
did not worsen the performance of the participants with
schizophrenia as it did the performance of controls. This im-
portant result could be interpreted by distinguishing two dis-
tinctive but complementary levels:

• A perceptual (visual) level: In schizophrenia, a deficit in
vision may hinder the ability to encode information.21

Such a deficit could explain the lower perception–action
loop in some patients.

• A more integrated level, in which agency plays an im-
portant role. It can be supposed that in schizophrenia,
compared to controls, body integrity is less important as
an egocentric referent. The results of this study, however,
do not bring any evident clarification on body integrity in
schizophrenia. Further investigations are needed to draw
any conclusions on this topic. Moreover, the results show
that presence is significantly lower in people with schiz-
ophrenia than in controls.

Riva et al.22 distinguish three layers of presence: protop-
resence, core presence, and extended presence, and those lay-
ers “are strictly related to the evolution of the self,” devel-
oped by Damasio. More precisely, the protopresence layer
corresponds to the “embodied presence related to the level
of perception–action coupling (self vs. non-self).”22 In schiz-
ophrenia, it seems that this level of protopresence is im-
paired, according to our results, because the deficit of the
perception–action loop lessens their sense of presence. Pro-
topresence is based on proprioception—spatial and internal
monitoring—which is defective in schizophrenia. The sec-
ond layer, the core presence, is “the activity of selective at-
tention made by the self on perceptions (self vs. present ex-
ternal world): the more the organism is able to focus on its
sensorial experience by leaving in the background the re-
maining neural processes, the more it is able to identify the
present moment and its current tasks, increasing its proba-
bility of surviving.”22 Even though most of this experiment
is focused on the protopresence, we could suppose that the
core presence may also be impaired. Indeed, people with
schizophrenia may not use their body as a referent to ac-
complish the test.

Those results bring to the question whether VR could be
used as a tool for therapy in agency disturbances (schizo-
phrenia). Can presence be considered as an indicator of the
processes participating in agency? So far, VR has been too
infrequently used for therapy in schizophrenia. For instance,
Ku et al.23 used VR to rehabilitate social skills, and Baker et
al.24 used it to assess medication compliance. The present
study illustrates that VR not only presents no specific risk
for patients25 but could also lead to an innovative approach
to treatment of the illness by enhancing presence and the
control of body movements. This work may contribute to re-

structuring the perception–action loop and the self. Riva et
al.22 state that “the more the organism is able to couple cor-
rectly perceptions and actions, the more it differentiates it-
self from the external world.” Moreover, the awareness of
being the agent of an action is intrinsic to the reorganization
and foundation of identity. The evidence of the deficit of
presence in the patients, in relation to a deficit of agency,
leads to the supposition that this specific situation in VR
could help ameliorate an agency deficit. However, more re-
search on this topic is required to lead to therapeutic gains
of this study. An interesting direction of possible future work
could be to compare the sense of presence of the groups with
that experienced in another experiment, using an embodied
virtual agent (i.e., an avatar) rather than the mirror image.
Then, the question would be whether the avatar helps pa-
tients with schizophrenia to feel more present in the virtual
world than in the AR experiment.

Little attention has been paid to the body in schizophre-
nia. We highlight the importance to further investigate new
means to help patients to reconcile with their body image.
Indeed, the lack of the overall presence in patients with schiz-
ophrenia could be related to less consideration of their body
image and body schema. The integration of visual percep-
tion of oneself, somatosensory, and monitoring of motor in-
tentions into a coherent body image may go astray when
there are conflicts between the senses. The experimenters of
the present study noticed that those who participated were
particularly expansive during the test and wanted to over-
come their score. According to one participant with schizo-
phrenia, “This test helps [me] to have a better awareness of
the positions of my arms in space, and it is a positive thing.
Actually, one has to anticipate, just like a cat before it jumps
on its prey: it anticipates the consequences. I have problems
[in correcting] my errors, as if my psychomotor system were
already programmed.” The patients’ behavior marked a
strong contrast with the negative symptoms they endorsed.
The entertaining aspect of the test, the participation of the
body, and the intervention of visual and auditory stimuli fa-
cilitate an increase of motivation at the expense of negative
symptoms, such as avolition.

Conclusion

The main objective of this study was to explore the impact
of agency deficiency on presence and on performance on a
sensorimotor test involving the body. This study conveys
two major interests: it experimentally explores distinctive
levels of presence, and it offers new access to a low level of
presence and to the deficit of agency. We suggest that the
VR test could contribute to the evaluation of agency deficit
in schizophrenia.
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