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François Morellet is a French conceptual artist known for cre-
ating abstract, geometric light sculptures that play with the 
viewer’s perception. His work Triple X Neonly was shown at 
the Dynamo exhibition at the Grand Palais in Paris in 2013 [1]. 

The exhibition centered around how artists explored the 
intersection between light, space, movement and vision, of-
ten incorporating the point of view of the observer into the 
aesthetic experience. Triple X Neonly, in particular, provides 
a unique opportunity to explore the effects of binocular and 
monocular viewing and depth perception on a viewer. The 
artwork was situated in a corner of the exhibit and consisted 
of six neon tubes arranged into a triple X pattern. The two 

lateral X’s were arranged along each side of the wall, while 
the central X was attached to each wall and protruded out 
into space. This projection into space created the illusion of 
the central X oscillating between appearing in a flat plane 
with the other two X’s and projecting out into space toward 
the viewer. Our study aimed to understand how this illusion 
of oscillation in depth created a physiologic response in the 
viewer.

Morellet was one of the founding members of the Groupe 
de recherche d’art visuel (GRAV), an artist collective that 
sought to create art based on the relationship between the 
art object and the viewer’s eye [2]. Instead of standing alone, 
bestowed by an autonomous artist to be beheld by the specta-
tor, the artwork is unstable, open and ever-changing, depen-
dent on a feedback system between object and viewer that is 
complex and dynamic [3]. This fluid, oscillating relationship 
mirrors the physiology of the viewer: The eyes are always 
moving around the piece, creating single perceptions of a 
piece that layer over time on each other to produce an overall 
effect on the viewer.

To understand how the piece manipulates the viewer’s pos-
ture and vision, it is important to understand the complex 
system of binocular viewing created, in part, by vergence and 
accommodation. Normally, vergence allows the viewer to ad-
just the angle of optic axes according to the distance or depth 
of the object of interest they are observing. For near objects, 
the eyes move toward each other to increase the vergence 
angle. For objects that are farther away, the eye moves in 
opposite directions to decrease the vergence angle. Eye ac-
commodation, a monocular cue, and disparity, a binocular 
cue, are two cues driving vergence [4–6]. Thus, vergence eye 
movements foveate the object of interest simultaneously in 
each eye, thereby leading to a single, fused binocular vision. 
It has also been shown that depth perception, i.e. judgment 
of distance between objects, is more accurate when vergence 
eye movements occur rather than when gaze is fixed [7].

How might the perception of depth in Triple X Neonly 
affect the viewer’s posture? When objects are placed more 
proximally to a viewer, the viewer is more stable and there-
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Art exists because the Viewer exists
How François Morellet’s Triple X neonly Influences 

Postural Control and Subjective Aesthetic Appreciation
l i n d S e y  m .  wA R d ,  A u R é l i e n  m o R i z e ,  m A R i n e  V e R n e t, 

C H Ry S tA l i n A  A n t o n i A d e S  A n d  z o ï  k A p o u l A

The authors study the effects of viewing François Morellet’s Triple 
X Neonly (2012) on postural control and subjective appreciation. 
Participants were asked to view monocularly and binocularly. Their 
average forward-backward (anteroposterior) body sway root mean 
square (rms) velocity was significantly greater viewing it monocularly. 
Participants showed diverse reactions to the artwork, yet comments 
mainly concerned apparent movement and depth. The authors conclude 
that binocular viewing facilitates viewer appreciation of the proximity 
of the central X, thus requiring less energy to keep the body stable. This 
study confirms the artist’s success in involving viewers actively in their 
aesthetic experience through their eye and body movements.
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fore moves less [8–11]. Conversely, when a viewer perceives 
an object as being farther away, they are less stable [12]. This 
depth effect has also been demonstrated with pictured depth 
in paintings during binocular viewing. In one such study, 
when participants observed paintings with a powerful rep-
resentation of perspective, they had higher body sway when 
focusing on the recessed space than when focusing on the 
foreground of the painting [13].

To measure the effect of such perceived depth in the Triple 
X Neonly artwork on a viewer, we examined the impact of the 
work on the viewer with two conditions: (a) monocular and 
(b) binocular viewing. During these two conditions, physi-
ologic measurements of stability and energy used to control 
posture were measured. Immediately after, the observer’s 
subjective experience (ratings of appreciation, destabiliza-
tion and free text commentary) were recorded. We had three 
aims in mind: first, to determine if any postural parameter 
was impacted by the artwork; second, if there was a differ-
ence between monocular and binocular viewing; and third, if 
this impact was related to subjective reports by the observer.

We hypothesized that binocular viewing would allow the 
viewers to see the central X projected into space, while with 
monocular vision they would only perceive the central X as 
recessed into the same far plane as the lateral Xs. In monocu-
lar viewing, as the viewer does not perceive the depth of the 
work, the body will become more unstable as the eye places 
the central X in a plane that is farther away from the body. 
In contrast, in the binocular condition, via binocular dispar-
ity, the viewer perceives the object as projecting forward in 
space, closer to the body, and therefore will be more stable.

diSCuSSion

This study examined postural parameters when participants 
observed Morellet’s Triple X Neonly with their dominant eye 
(monocular) versus with both eyes (binocular). Observ-
ers demonstrated a higher forward-backward velocity with 
monocular viewing than with binocular viewing, i.e. par-
ticipants swayed with higher speed in the forward-backward 
directions in monocular viewing than in binocular viewing. 
As forward-backward velocity is associated with the amount 
of energy required to keep the body stable while holding pos-
ture, participants required more energy to keep them stable 
during monocular viewing than binocular viewing [14]. Due 
to the lack of binocular disparity, with one eye open, it is 
more difficult to appreciate the proximity of the central X in 
space; it appears as if it is in a single plane, with the others 
receding along the wall. Therefore, in the monocular con-
dition, the central X appears farther than in the binocular 
condition. As stability has been shown to be correlated with 
distance of an object from the viewer, the binocular condi-
tion was more stable [15].

In addition to the posturographic differences between 
the two conditions, it is important to consider the subjec-
tive comments of the observers. The group had a wide range 
of appreciation for the artwork, ranging from 2.4 to 10 (0: 
no appreciation, 10: highest appreciation). It is notable that 
of the 16 comments, 11 spontaneously referenced movement 

(five participants) or depth (six participants). For example, 
in the monocular condition, one participant reported the 
work was “flat, 2D, a little 3D effect. With both eyes, huge 
3D effect and it was only after I realized it was really 3D” 
[16]. It is striking that the majority of these comments refer-
ence depth or movement, which mirrors our hypothesis that 
binocular vision in the observer enhances depth perception; 
the body senses this depth perception and moves according 
to the perceived proximity of the central X. It is remarkable 
that most viewers, by referencing depth and movement, were 
conscious of this effect and were in tune with the movement 
of their body.

This study is one of the few studies performed to date, to 
our knowledge, that can examine the artist’s intended effect 
on the observer. Although it is nearly impossible to discover 
an artist’s intention, in contemporary art, interviews and 
writings by the artist can help make the intended meaning 
of the work clearer. Morellet himself agrees it can be difficult 
to find an artist’s meaning in their work, writing, “Works of 
fine art have never succeeded in transmitting to the observer 
the message, the philosophy, poetry, or even sensibility which 
the artist intended” [17]. For Morellet, it is extremely difficult 
for the artwork itself to impose a meaning onto the viewer 
when the work is separated from the observer. Instead, by 
creating art, he makes “useless (consequently artistic) ob-
jects . . . simple and obvious systems, frequently concerned 
with pure chance or the participation of the viewer” [18]. His 
works take the viewer into account and minimize the artist’s 
intervention, so that “everything you find, apart from [the 
artist’s] small systems . . . belongs to you as observer” [19]. 
Therefore, for Morellet, without the viewer’s interaction, the 
work of art remains incomplete, and the observer plays an 
integral part in the success of the piece of art.

Our findings reflect the larger philosophy of GRAV. While 
these artists strove to manipulate the perceptual systems of 
their viewers through their artwork, creating an aesthetic field 
dependent on time and space, there have been few studies that 
have quantified the physiologic effect of the field on the viewer. 
Indeed, as the artist group hypothesized, the unstable binocu-
lar viewing system creates a flickering in perception between 
two and three dimensions, perpetuated throughout the body 
through an induced unstable oscillation in the viewer.

This is particularly poignant with regard to Triple X 
Neonly. Through their visual system, the viewer fulfills the 
complexity of the piece, the flickering of the central X be-
tween distal (monocular viewing) and proximal (binocular 
viewing). Thus, the artwork does not exist without the viewer. 
In analyzing both the subjective comments and objective 
posturographic measurements, it is clear the observers un-
derstood the manipulation of the piece. Many observers 
spontaneously commented on the creation of movement or 
depth, and the work succeeded in modulating the viewer’s 
body sway as their participation in the illusion manipulated 
their perception and their body. It is important to note that 
our experiment explores the two extremes of monocular and 
binocular vision. As a casual viewer, one may not think to 
observe the work with only monocular vision. However, as 
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the eyes explore the piece, there are times when the two eyes 
are not completely coordinated, disrupting binocular vision, 
in an effect akin to the monocular condition, causing the 
central X to oscillate in space. Therefore, as the perceived 
artwork’s depth oscillates, forcing the observer to move, one 
could consider the work to be complete.

It is curious that Morellet created this piece in 2012, long 
after the height of the GRAV movement. By creating art that 

inherently relied on human perception, GRAV considered 
their art to be egalitarian; the visual system that permits the 
aesthetic field to come into existence is universal [20]. In the 
21st century, a time in which the cult of the artist seems more 
inflated than ever, and in which art feels more removed from 
the populace than ever, it matters that Morellet provides a 
reminder that the artwork resides nowhere else but intrinsi-
cally with the viewer who beholds it.
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Abstract 

We studied the effects of viewing François Morellet’s Triple X Neonly (2012) on postural control and 
subjective appreciation. Triple X consists of 6 neon tubes arranged in a corner into a triple X pattern. 
Twenty-one participants were asked to view it with only one eye open (monocularly) and with both 
eyes open (binocularly). Their average forward-backward (anteroposterior) body sway root mean 
square (rms) velocity was significantly greater viewing it monocularly than binocularly. There were 
also large differences between subjects during monocular viewing for three of the six measured 
postural parameters (rms side-to-side (mediolateral) velocity, rms side-to-side displacement, and rms 
normalized area of the movement of the locus of centre of gravity). The participants showed very 
diverse subjective reactions to the artwork, yet their comments mainly concerned its apparent 
movement and depth. We conclude that binocular viewing allows the viewer more easily to 
appreciate the proximity of the central X, thus requiring less energy to keep the body stable. This 
study confirms the artist’s success in involving viewers actively in their aesthetic experience: through 
their eye and body movements, the work engages them to actively contribute to the work itself. 

1   Introduction 

François Morellet is a French Conceptual artist known for creating abstract, geometric light 
sculptures that manipulate the viewer’s perception. Morellet’s work, Triple X Neonly, was shown at 
the “Dynamo” exhibition at the Grand Palais in Paris, France in 2013. (goo.gl/EGERH3) The 
exhibition centered around how artists explored the intersection between light, space, movement, and 
vision, often incorporating the point of view of the observer into the aesthetic experience. Triple X 
Neonly, in particular, provides a unique opportunity to explore the effects of binocular and monocular 
viewing and depth perception on a viewer. The artwork was situated in a corner of the exhibit and 
consisted of 6 neon tubes arranged into a triple X pattern. The two lateral X’s were arranged along 
each side of the wall, while the central X was attached to each wall and protruded out into space. This 
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projection into space created the illusion of the central X oscillating between appearing in a flat plane 
with the other two X’s and projecting out into space towards the viewer. Our study aimed to 
understand how this illusion of oscillation in depth created a physiologic response in the viewer.  

Morellet was one of the founding members of the Groupe de recherche d’art visuel (GRAV), an artist 
collective that sought to create a type of art based on research on the relationship between the art 
object and the viewer’s eye.1 The group sought to reject the concept that an artwork was defined as 
the object presented in front of the viewer. Instead of standing alone, bestowed by an autonomous 
artist to be beheld the spectator, the artwork is unstable, open, and ever changing, fundamentally 
dependent on its relationship with the spectator, representing a feedback system between object and 
viewer that is complex and dynamic.2 This fluid, oscillating relationship mirrors the way the 
physiologic way the viewer perceives the artwork. The eyes are always moving around the piece, 
creating single perceptions of a piece that layer over time on each other to produce an overall effect 
on the viewer.  

This collapse in distance between viewer and art object prompted artists to manipulate time and space 
in order to make the viewer cognizant of how they physiologically interact with the artwork. 
Fundamental to provoking this realization in the viewer is the concept of instability. By inducing 
movement, the spectator’s experience in the field of the artwork becomes complex.3 By creating 
movement in the piece, the viewer is forced to understand that her relationship with the piece is 
temporal. By creating pieces with multiple focal points, or multiple ways of seeing, the viewer is 
forced to recognize the piece actually exists as a whole only in the layering of fragmented pieces of 
perception that stretch across position and time. As the relationship changes as a result of movement 
and time, the artwork becomes fundamentally unstable and becomes complete in the relationship, or 
in the aesthetic field, created between viewer and object.2 

The instability provoked by the addition of movement in light in these artworks is mirrored by the 
mechanism by which it manipulates the viewer: the optical instability of the retina. The artwork seeks 
to provoke and exacerbate the instability of the physiologic mechanisms of perception. In this case, 
Morellet chose to manipulate the instability of binocular viewing by creating a light sculpture that 
has an ambiguous depth component. By using light, which moves towards the viewer’s retina at a 
certain frequency, Morellet creates a fundamentally dynamic piece. Even further, by arranging the 
light sculpture in this very intentional way, Morellet makes the three-dimensionality of the piece 
ambiguous, allowing the eye, through binocular vision, to perceive the piece from different 
perspectives (two and three-dimensional) even while standing still.  

To understand how the piece manipulates the viewer’s posture and vision, it is important to 
understand the complex system of binocular viewing created, in part, by vergence and 
accommodation. Normally, vergence allows the viewer to adjust the angle of optic axes according to 
the distance or depth of the object of interest she or he is observing. For near objects, the eyes move 
towards each other to increase the vergence angle. For objects that are farther away, the eye moves in 
opposite directions to decrease the vergence angle. Eye accommodation, a monocular cue, and 
disparity, a binocular cue, are two important cues driving vergence. 4-6 Thus, vergence eye 
movements foveate the object of interest simultaneously in each eye, thereby leading to single, fused 
binocular vision. It has also been shown that depth perception, i.e. judgment of distance between 
objects, is more accurate when vergence eye movements are allowed rather than when the gaze is 
fixed.7 
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How might the perception of depth in Triple X Neonly affect the viewer’s posture? When objects are 
placed more proximally to a viewer, the viewer is more stable and therefore moves less. 8-11  
Conversely, when a viewer perceives an object as being farther away, she or he is less stable. 8-11 This 
depth effect has been previously demonstrated with pictured depth in paintings during binocular 
viewing. In one such study, when participants observed paintings with a powerful representation of 
perspective, they had higher body sway when focusing on the recessed space than when focusing on 
the foreground of the painting.12 

In order to quantify this physiologic response, posturography has recently been used in the field of 
neuroaesthetics as a tool to measure the viewer’s direct physiologic response to an artwork. 13 
Posturography allows researchers to quantify postural control in a quick and noninvasive manner to 
provide valuable information regarding the integration of visual, vestibular, cutaneous, and muscle 
proprioceptive information by the nervous system. One can then, in turn, measure the muscular 
responses to these stimuli by recording the action of a feedback control system 14. For example, body 
sway has traditionally been believed to be controlled by two separate muscular strategies. The first, 
located at the ankle, is described by anteroposterior, or forward-backward, body sway. The second, 
located at the hip, is described by mediolateral, or side-to-side, body sway. 15 16, 17 18 

Because depth perception relies on binocular disparity, which requires binocular vision, it was useful 
to assess viewer’s response to the artwork with both monocular and binocular viewing. To measure 
the effect of the perceived depth in the Triple X Neonly artwork, we thus examined the impact of the 
work on a viewer with two conditions (a) a monocular and (b) a binocular viewing. During these two 
conditions, physiologic measurements of stability and energy used to control posture were measured. 
Immediately after, the observer’s subjective experience (ratings of appreciation, destabilization, and 
free text commentary) were recorded. We had three aims in mind.  First, to determine if any postural 
parameter was impacted by the artwork, second, if there was a difference between monocular and 
binocular viewing, and third, if this impact was related to subjective reports by the observer. 

We hypothesized that binocular viewing will allow the viewers to see the central X projected into 
space, while with monocular vision they will only perceive the central X as recessed into the same far 
plane as the lateral X’s. In monocular viewing, as the viewer does not perceive the depth of the work, 
the body will become more unstable as the eye places the central X in a plane that is farther away 
from the body. In contrast, in the binocular condition, via binocular disparity, the viewer perceives 
the object as projecting forward in space, closer to the body, and therefore will be more stable. 

2   Materials and Method 

2.1   The Artwork 

François Morellet’s Triple X Neonly is an installation of 6 tubes filled with blue argon arranged in a 
triple X pattern. The artwork is formed by two walls that create a corner. Along each wall lie two 
tubes that form an X. In the center of the piece, two tubes attach to each wall and create an X that 
projects into space across the corner. Each of the side X’s are 5 meters wide and 3.3 meters tall. Each 
observer was placed in the middle of the room at 3 meters from the corner of the wall, and 1.4 meters 
from the central X, creating a visual angle of at least 122 degrees horizontally and 99 degrees 
vertically. 

2.2 Participants 
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Twenty-one healthy participants (mean age +/- SD: 38.14 +/- 16.21; male/female: 10/11) were 
recruited at the entrance of the museum. Participants did not wear glasses and did not have major eye 
problems like strabismus or amblyopia. Given the context of the experiment medical testing of 
binocular vision was not feasible, but as they denied the major causes of loss of binocular vision, it 
was quite certain that the population studied was healthy with binocular vision capacity. Their 
frequency of museum or exhibition visits vary from rarely/occasionally to very often (>20/year), and 
one identified herself as an artist. For the entire experiment, they were wearing flat shoes. The 
experiment was approved by the ethics committee of the Centre National de la Recherche 
Scientifique and adhered to the tenets of the Declaration of Helsinki.19. Informed consent was 
obtained from each participant after the experiment was explained to them. 

2.3 Accelerometer 

Posture was measured for 30 seconds per condition. A body-fixed sensor (accelerometer) was used. 
The accelerometer (DynaPort, MiniMod, McRoberts B.V., The Hague, Netherlands) was placed at 
the participant’s lower back (L5). The MiniMod uses a triaxial seismic acceleration sensor 
(AXXL202, Analogue Devices, Norwood MA, USA). The sensor’s full-scale range is +/- 2°. The 
sampling frequency was set to 100 Hz. 

2.4 Procedure 

For each condition, participants were required to stand upright, in a standardized Romberg position 
(feet placed side-by-side with an angle of about 30° and heels separated by about 4 cm). They were 
instructed to look straight ahead. They were asked to maintain a quiet stance, i.e., with arms held 
side-by-side, with teeth unclenched and normal breathing. There were two conditions: monocular and 
binocular, which will be described below. 

In the room with the exhibit, observers were placed (one at a time) with their eyes closed in the 
middle of the room at 3 meters from the corner of the wall, and 1.4 meters from the central X. The 
experimenters stayed behind them to secure them. In the monocular condition, a 30 second recording 
was performed while they opened their eyes and the experimenters masked their non-dominant eye. 
In the binocular condition, a 30 second recording was performed with both eyes open and unmasked. 
At the end of the recording period, they could exit the room when they wished. After the experiment 
participants completed a questionnaire that rated their subjective impressions of the work. 

It was paramount that the conditions remain in the same order for each participant. It was important 
that the experiment record the artistic nature of the piece such that the viewers were naïve to the 
depth oscillation of the work. Therefore, it was important to record the monocular condition before 
the binocular condition. Each subject participated only once in order to capture their naïve reation to 
the work; therefore only one trial per participant was recorded. 

2.5   Postural Parameters 

The following parameters were analyzed: normalized area (NA in mm²/s), root mean square (rms) of 
mediolateral body sway (side-to-side distance or rms of M/L distance in mm), rms of anteroposterior 
body sway (forward-backward distance or rms of A/P distance in mm), rms of mediolateral velocity 
(side-to-side velocity or rms of M/L velocity in mm/s), rms of anteroposterior velocity (forward-
backward velocity or rms of A/P velocity in mm/s), and mean power frequency (MPF in Hz). The 
first three measures describe the distance the body moved, while the last three are associated to the 
energy required to stabilize the body.13 
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2.6   Subjective Scores 

After viewing both conditions, participants were asked to rate how much they liked the artwork 
(subjective appreciation) and their sensation of instability (subjective destabilization) on a visual 
scale, from bottom (not at all) to top (extremely). On this graphical scale, the subject adjusted a 
cursor, the position of which corresponded to a 0 – 10 number that was recorded. Participants were 
invited to freely report their impression of the artwork and their subjective experience. 

2.7 Data Analysis 

In a first analysis, we performed a Shapiro-Wilk-W-test to check for normality. As the data were not 
normally distributed, we performed a Wilcoxon signed-rank test with the factor condition 
(monocular, binocular viewing) for all postural parameters separately. We also calculated the 
coefficient of variation (standard deviation / mean) as a percentage for each of the postural 
parameters in both conditions. In a second analysis, the free reports were examined. We identified the 
most used words and created groups of participants depending on their use or absence of use of these 
words and examined whether these groups differed in their subjective scores or postural parameters. 
For all analyses, the statistical significance was set at p ≤ 0.05. 

3   Results 

3.1   Postural Data 

3.1.1  Effects of Viewing Condition on Postural Parameters 
Table 1 displays the means, standard deviations, and coefficients of variation for all postural 
measurements studied in both conditions. The Wilcoxon test run on postural parameters revealed that 
the forward-backward velocity was significantly higher in the monocular than in the binocular 
condition (z=2.59; p < 0.01). Figure 1 displays the individual means for forward-backward velocity. 
Only five participants (out of 21) had lower forward-backward velocity in the monocular rather than 
binocular condition. The two conditions did not modulate any other postural parameters (all other p ≥ 
0.05). 

3.1.2  Variability 
The intersubject variability (coefficient of variation, or CV) was higher in the monocular condition 
than in the binocular condition for three of the parameters (side-to-side velocity, CoV = 92%; side-to-
side distance, CV = 152%; normalized area, CV = 266%; see Table 1). 

3.2   Free Verbal Reports 

Sixteen of the twenty-one participants left free text comments regarding the piece. The free 
comments were classified into four groups: the first were spontaneous references to depth (6 
participants); second were spontaneous references to movement (5 participants); the third were 
comments not mentioning depth or movement (5 participants); and the fourth those who chose to not 
leave any free comments (5 participants) (Table 2). Of the sixteen comments, the great majority 
(eleven) referenced either movement or depth. 

There was no evidence for different subjective scores or different postural parameters for those who 
referenced depth or movement in their free comments. 

4   Discussion 
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This study examined postural parameters when participants observed François Morellet’s Triple X 
Neonly with their dominant eye vs. with both eyes. While the eye condition did not significantly 
influence postural parameters that are directly related to stability (normalized area, side-to-side 
distance, forward-backward distance), it significantly modulated a postural parameter related to the 
energy required to keep the body stable. 

More precisely, the results showed that observers had a higher forward-backward velocity with 
monocular viewing than with binocular viewing, i.e. participants swayed with higher speed in the 
forward-backward direction with monocular viewing than with binocular viewing. As the forward-
backward velocity is associated with the amount of energy required to keep the body stable while 
holding posture, participants required more energy to keep them stable during monocular viewing 
than binocular viewing.13 It is possible that this difference is due to the increased stability that comes 
from binocular disparity with binocular viewing. The literature on the effects of binocular vs 
monocular viewing on posture is conflicting 15, 20-25. Typically, one would expect that posture would 
be better with binocular vision than with monocular vision when viewing a particular stimulus. 
Surprisingly, in healthy subjects, this has not been found to be the case: previous studies conducted 
on participants viewing both a blank wall and a stimulus did not find any statistical difference 
between binocular and monocular viewing effects on posture.15, 23 In fact, the only population in 
which improvement in posture was found with binocular vision was in those with strabismus.24 
However, other studies have found binocular fixation attenuates sway more than monocular fixation, 
even in darkness 20. 

In the present study, the nature of the artwork itself places emphasis on depth and space perception. 
Due to the lack of binocular disparity with only one eye open, it is more difficult to appreciate the 
proximity of the central X in space; it appears as if it is in a single plane with the others receding 
along the wall. As mentioned above, previous posturography data has shown the viewer to be more 
stable when viewing a proximally placed object; conversely, the observer is less stable when viewing 
an object placed farther away 8-11. Therefore, it may be that with monocular viewing, the viewer does 
not perceive the proximity of the central X, which in turn requires more energy to keep the body 
stable in the anteroposterior direction as the eye places the central X in a plane that is farther away 
from the body. With binocular viewing, via binocular disparity, it is possible the viewer perceives the 
central X as projecting forward in space, closer to the body, and therefore requires less energy to 
keep the body stable. 

The intersubject variability was particularly high in the monocular condition (see the coefficients of 
variation, Table 1) for three of the six postural parameters (side-to-side velocity, side-to-side 
distance; normalized area). Most likely, observers better understood the depth of the artwork with 
binocular vision as the central X proceeds forward in space, so that they could appreciate the X as 
being closer. Therefore, there was less variation between participants, who were better able to 
coordinate their posture. 

In addition to the posturography differences between the two conditions, it is important to consider 
the subjective comments of the observers. It is notable that of the 16 comments, 11 spontaneously 
referenced movement (5 participants) or depth (6 participants). For example, in the monocular 
condition, one participant reported the work was “flat, 2D, a little 3D effect. With both eyes, huge 3D 
effect and it was only after I realized it was really 3D” (Table 2). It is striking that the great majority 
of these comments reference depth or movement, which mirrors our hypothesis: that the binocular 
vision of the observer will enhance depth perception; the body senses this depth perception and 
moves according to the perceived proximity of the central X. It is remarkable that most viewers, by 
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referencing depth and movement, were on some level conscious of this effect and were in tune with 
the movement of their body. 

In terms of appreciation, previous studies have speculated on why spectators like perceptually 
challenging images. One study found that insight increases appreciation for the painting or piece by 
creating a process through which the viewer can mentally elaborate on a piece. Once the viewer has 
elaborated on the piece, they may or may not find deviations from expectations of how they initially 
perceived the image or artwork.26 In this case, we would speculate that binocular viewing of the piece 
would create a tension between how the viewer originally saw the artwork (as flat) and its true three-
dimensional shape in binocular viewing. This insight, according to previous research, may reveal an 
“-aha!” moment that increases the viewer’s appreciation for the piece. In our case, comments from 
some of the viewers reveal this “aha!” moment: viewer’s reported they were “surprised”; that they 
only realized depth in the binocular condition; that there was a perception of “space” in the binocular 
condition, and one participant even exclaimed her surprise in the binocular condition. (Table 2) 
Nevertheless, there was no correlation between appreciation and movement, and the conditions of the 
experiment prevented us from asking participants to rate their appreciation of the piece in both 
conditions. Additionally, there was no difference in appreciation scores for those whose comments 
specifically referenced depth, space, or surprise in the second condition. This may be the simple fact 
that we had a small sample size once we split the groups by subjective comments, or due to the fact 
that we had a rather crude way of examining the subjective reactions of our subjects to their piece 
(simple comments and an appreciation score from 1-10) that are also difficult to quantify. We may 
not have also given them enough exposure or enough time to reflect on the piece, or, enough time for 
elaboration. A different experiment with the same work could have separated viewers into two 
groups: one who were allowed to look at the piece in both conditions, and one who were allowed 
only the monocular condition and therefore were deprived of the predicted “-aha!”.  

This study is unique as it is one of the few studies performed to date, to our knowledge, that can 
examine the artist’s intended effect on the observer. Although it is nearly impossible to discover an 
artist’s intention, in contemporary art, interviews and writings by the artist can help make the 
intended meaning of the work clearer. François Morellet himself agrees it can be difficult to find an 
artist’s meaning in his or her work, writing, “works of fine art have never succeeded in conveying to 
viewers the message, the philosophy, the poetry, or even the sensibility that the creators believed they 
had put into it”.27 For Morellet, it is extremely difficult for the artwork itself to impose a meaning 
onto the viewer when the work is separated from the observer. Instead, by creating his art, he makes 
“superfluous (therefore artistic) things… simple and obvious systems that often appeal to the actual 
coincidence or involvement of the viewer”27.  His works take the viewer into account and “minimize 
[the artist’s] intervention… everything you find, apart from [the artist’s] small systems, will be yours 
as a viewer belongs”27.  Therefore, for Morellet, without the viewer’s interaction, the work of art 
remains incomplete and the observer plays an integral part in the success of the piece of art. 

This is particularly poignant with regards to Triple X Neonly. Through her visual system, the viewer 
herself fulfills the complexity of the piece, the flickering of the central X between distal (monocular 
viewing) and proximal (binocular viewing). Thus, the artwork does not exist without the viewer. In 
analyzing both the subjective comments and objective posturography measurements, it is clear the 
observers understood the manipulation of the piece. Many observers spontaneously commented on 
the creation of movement or depth, and the work succeeded in modulating the viewer’s body sway as 
their participation in the illusion manipulated their perception and their body. It is important to note 
that our experiment explores the two extremes of monocular and binocular vision. As a casual 
viewer, one may not think to observe the work with only monocular vision. However, as the eyes 
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explore the piece, there are times in which the two eyes are not completely coordinated, disrupting 
binocular vision, an effect akin to the monocular condition, causing the central X to oscillate in 
space. Therefore, as the perceived artwork’s depth oscillates, forcing the observer to move, one could 
consider the work to be complete. 

Our findings reflect the larger philosophy of GRAV. While these artists strove to manipulate the 
perceptual systems of their viewers through their artwork, creating an aesthetic field dependent on 
time and space, there have been few studies that have quantified the physiologic effect of the field on 
the viewer. Indeed, as the artist group hypothesized, the unstable binocular viewing system creates a 
flickering in perception between two and three-dimensions, which perpetuated throughout the body 
through an induced unstable oscillation in the viewer; the aesthetic field is completed and the artwork 
comes into existence.  

5   Limitations  

Our study had its limitations starting from the small number of participants tested (21). Although this 
study sought to analyze the initial response to viewing an artwork for the first time, given the 
inherent variability in postural measurements, the study is limited by the number of observations per 
participant. Participants could have been asked more specific questions about their experience of the 
artwork (e.g., record each time they noticed the artwork oscillate) or could have been asked to 
describe their experience during the recording. However, it was important for this study that the 
viewers not be primed for their response to the piece or be distracted from the full experience of the 
work. A two-dimensional control could have been added. It would have been useful to record the 
stereoacuity of each participant. It also would have been interesting to record eye movements while 
recording posture, to determine if there were any changes in posture related to where the participants 
were looking. This is certainly something we are considering for a follow up study. Finally, due to 
our posturography device, we were unable to note postural changes over the thirty-second viewing 
period. This would yield information regarding stances that are predictable and deterministic (stable) 
vs those with a smaller amplitude that are more chaotic (unstable). It would be interesting to utilize 
other equipment in future studies to better understand the temporal dynamics of the subjects’ posture. 

6   Conclusion  

Despite the limitations mentioned previously, we feel that this study offers a unique description of 
posturography in the real-life three-dimensional gallery environment. Most strikingly, this study is an 
extraordinarily rare opportunity to see an artist’s vision described in objective measurement. Future 
endeavors to describe the physiologic response to artwork should attempt to overcome these 
limitations, particularly those with respect to temporality. Studies of this sort are extremely difficult 
to execute given the necessity of the regulations imposed by museums and the difficulty of obtaining 
objective measurements in the gallery space. It is incredibly important to study the human response 
to artwork, and this study is one preliminary example of what can be achieved with this type of 
experimental set-up in the real museum environment. More studies in this vein should be encouraged 
such that we can better understand the human response to art.  

The findings from this study confirm to a large extent that it is possible to measure a viewer’s 
objective response to a work of art through postural measurements. The viewer’s subjective 
comments suggest that binocular viewing provides a better depth perception of the piece, therefore 
allowing the central X to appear more proximal to the viewer. In monocular viewing, our objective 
data suggests the lack of perception of this proximity created a greater velocity of anteroposterior 
sway in the viewer, requiring the viewer to expend more energy to keep themselves stable. Finally, 
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this study makes an argument for the importance of scientific study of the impact art has on the 
observer. It is clear these scientific measurements can provide a deeper understanding of the study of 
art, artistic intention, and art history. Future studies should concentrate on the intersection between 
physiologic measures such as postural movements and aesthetic appreciation. 

It is curious that Morellet created this piece in 2012, long after the height of the GRAV movement 
that was so influential throughout the 1960s. By creating art that inherently relied on human 
perception, the leaders of GRAV considered their art to be egalitarian; the visual system that permits 
the aesthetic field to come into existence is universal.2 In the 21st century, a time in which artworks 
sell for record prices at auction, the art world appears to have become a hyper-elite community which 
is inaccessible to most. In this world in which the cult of the artist seems more inflated than ever, and 
in which art feels more removed from the populus than ever, it matters that Morellet provides a 
reminder that the artwork resides nowhere else but intrinsically with the viewer who beholds it.  
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Figure 1 
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Figure legend 
 
Fig. 1 Root-mean-square of anteroposterior velocity for all participants in both conditions: The rms AP velocity 
was the only postural parameter that was significantly different between the two conditions (p < 0.01). 
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Table 1: Means, standard deviations, and coefficients of variation for all postural measurements studied in both 
conditions. AP: anteroposterior; ML: mediolateral; MPF: mean power frequency 
 

 
Condition 1 (Monocular Viewing) Condition 2 (Binocular Viewing) 

P-Value 

Mean Standard 
Deviation 

Coefficient of 
Variation (%) Mean Standard 

Deviation 
Coefficient of 
Variation (%) 

MPF (Hz) 6.66 1.32 20 6.53 1.34 20 0.554 

rms AP velocity  
(mm/s)  32.75 18.79 57 21.99 12.81 58 0.009** 

rms ML velocity 
(mm/s) 12.60 11.58 92 9.07 6.76 75 0.268 

rms AP distance 
(mm) 6.19 3.07 50 6.30 2.74 44 0.538 

rms ML distance 
(mm) 2.55 3.88 152 1.54 0.55 36 0.763 

Normalized Area 
(mm²/s) 8.71 23.17 266 3.71 2.38 64 0.970 
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Table 2 Subjective scores, comments, and grouping of participants. Appreciation and destabilization scores range from 0 
(not at all) to 10 (extremely). Words in bold relate to depth or movement. Group 1 includes participants who referenced 
depth; Group 2 includes participants who referenced movement; Group 3 includes participants who did not reference 
neither depth nor movement; Group 4 includes participants who did not leave comments.  
  

 

 

Subject Age Sex Height 
(cm) 

Weight 
(kg) 

Appreciation Destabilization Subjective Comments Group 
Number 

1 27 M 171 64 2.5 5.2 Did not recognize the distance and the depth 
even with my eyes open. 

1 

2 42 F 177 67 2.4 0.2 The experiment is interesting, It allows me to 
better understand the binocular aspect of the 
work 

1 

3 52 M 177 81 8.4 1.6 In the second condition, sensation of space 
as if I found myself in a bubble 

1 

4 26 M 175 66 6.9 5.8 Surprised when I opened my eyes for the first 
time (very unstable) 

2 

5 24 M 183 70 8.5 7.8 In condition 1 I didn't see the depth, weird. 
Condition 2 I realized it. 

1 

6 37 F 165 60 6.4 0 [Exclaimed when she opened both eyes] One 
eye closed, flat, 2D, a little 3D effect. With 
both eyes, huge 3D effect and it was only 
after I realized it was really 3D 

1 

7 28 F 160 54 10 6.5 The lines of the bottom and the top 
disappeared. I moved backwards for the 2 
conditions I think. 

2 

8 19 M 168 68 8 7.5 I moved backwards when I opened both my 
eyes 

2 

9 40 F 181 63 3.9 3 The neon lights really existed, but after a 
while I felt they did not exist. A diffuse halo 
was created 

3 

10 20 M 180 75 5.9 0.6 Especially enjoyed condition 1 3 
11 20 F 158 59 10 10  4 
12 20 M 167 54 3.5 7.3 Already seen. Condition 1: Appeared as if it 

were in the corner of the walls and along the 
walls. Condition 2: I saw there were two 
layers. 

1 

13 51 F 160 46 5.6 8.2  4 
14 66 M 180 88 7.6 3.4 I found it not bad, interesting enough, 

geometric, the light is good 
3 

15 65 M 183 78 6.3 0  4 
16 61 F 163 57 7.2 2 It was pretty strange 3 
17 40 F 168 58 6 5.25 I did orthoptics 3 
18 20 F 165 53 5 3  4 
19 55 F 157 60 3 0  4 
20 33 F 164 70 3.6 10 It's beautiful. In both conditions: vibrated a 

little, especially condition 2. 
2 

21 55 M 183 73 9.5 2.2 I really like Morellet, I'm a fan. Static objects 
put us in motion. 

2 

Average 38.14  170.71 64.95 6.2 4.26   
Standard 
Deviation 

16.21  8.96 10.32 2.41 3.37   


