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Body movement implied by static images modulates eye
movements and subjective time estimation
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Abstract

The present study investigated the influence of body movement implied by artwork on time estimation and its relationship with
eye movement. In Experiment 1, the participants were presented with static photographic images of Edgar Degas sculptures that
implied different movements. The participants were asked to estimate their exposure times. Overestimation was found for the
dancer who represented the greater movement. Eye movements were more directed to legs and arms in the ballerina that implied
more movement, indicating more dynamic eye movements for this dancer, which was also overestimated. Experiment 2 further
investigated whether this effect was specific to body representation or whether it was linked to the perceptual feature of the
images. The participants were presented with drawings that mimicked global shapes (lines) of the Degas sculptures. Differences
in time estimation were not obtained under this experimental condition. The results suggest an embodied perception of body
movement that modulates eye movements and time estimation. Keywords: time perception, implied movement, eye-tracking,

static image, artwork.
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Introduction

Human figures in static images have revealed
different psychological processes related to the
perception of time, such as the meaning of the
images. Important aspects of time estimation have
been related to the emotional content of the pictures
(Angrilli, Cherubini, Pavese, & Manfredini, 1997;
Droit-Volet, & Gil, 2009), pleasure and interest in
an aesthetic episode (Cupchick; 1976; Cupchick, &
Gebotys, 1988), action in pictures of naturalistic scenes
(Moscatelli, Polito, & Lacquaniti, 2011; Pavan, Cuturi,
Maniglia, Casco, & Campana, 2011), implied body
movements in schematic drawings (Orgs, Bestmann,
Schuur, & Haggard, 2011; Tse, Intriligator, Rives, &
Cavanagh, 2004; Yamamoto, & Miura, 2012), and
artwork that represents motion as objects, paintings,
and sculptures (e.g., Nather, & Bueno, 2006, 2012a;
Nather, Bueno, Bigand, & Droit-Volet, 2011). These
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studies have shown that movement in static images,
such as artwork, distorts the perception of time.

Time perception can constitute a relevant component
of the comprehension of artistic appreciation (Cupchick,
& Gebotys, 1998). From this perspective, the use of
static artwork that implies motion has shown that the
observation of human body postures modulates time
perception (Nather, & Bueno, 2011). Images of bodies
that imply more movement were estimated longer than
those that imply less movement, although they were
presented for the same duration. These time distortions
were discussed in terms of embodiment mechanisms.
When people observe artwork that implies motion,
specific brain areas, such as those with mirror neurons,
are activated and reconstruct the actions by simply
observing the static pattern of a past action (Gallese,
2005; Freedberg, & Gallese, 2007). The internal clock
(Gibbon, Church, & Meck, 1984) may be suggested
to run faster with the embodied movement associated
with different two-dimensional plane figurative implied
movement perceived by another person (Nather et al.,
2011). Thus, time distortions in the perceiver may be an
index of empathic processes that enable the individual
to understand the actions of others as a function of the
timing related to the observed movements.

Nather, & Bueno (2012a) discussed in detail why
the observation of artwork, such as Edgar Degas’
ballet dancers, causes different time distortions.
This impressionist artist constructed his ballerinas
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by considering both movement representation and
its implicit timing associated with the represented
movements. According to the authors, Degas’ interest
was not only focused on considering his ballerinas as
simple objects maintained in physical space but also
focused on three-dimensional art pieces observed from
various perspectives. Therefore, his ballerinas reveal
biomechanical characteristics that are “paralyzed” in
time once they contain implicit temporal movement
suggestions that cannot be endlessly maintained.

Different human body movements demand more or
less time to happen. Visual information plays a crucial
role in understanding the three-dimensional space to
determine the correct movement to perform an action.
For example, patterns of eye movements can predict
future observed actions. Because of this, the coordination
between the gaze of the actions of others is similar to
when the observer performs the same action himself
(Flanagan, & Johansson, 2003) because the temporal
prevision of a future movement of the members is
facilitated by eye movements (Gueugneu, Crognier, &
Papaxanthis, 2008). Additionally, eye movements play
a functional role in the imagery of human actions. They
can transform spatial information in action plans that
coordinate the body members’ movements (De’Sperati,
& Santandrea, 2005). The same neural mechanisms
related to the eye movements of three-dimensional
body movement participate in the planning of both
imagined and performed body actions. However, this
information is based on experiments that demanded the
observer’s attention to actual three-dimensional actions.
The point of interest of this study was to understand
the eye movements associated with the observation of
two-dimensional artwork that implied different body
movements.

Eye movements have been addressed with regard
to different aspects of visual perception that involve
attentional factors and psychological processes that
relate these movements to scene perception (Duchowski,
2007; Rayner, 1998), the visual perception of artwork
(Mannan, Ruddock, & Wooding, 1997; Wooding,
2002), and expertise in visual arts (Nodine, Locher,
& Krupinskiet al, 1993; Vogt, & Magnusse, 2007;
Zangemeister, Sherman, & Stark, 1995). Eye movement
patterns in complex images likely reflect a collection
of varying time range processes, from early sensory
recognition to memory processing (Wang, Freeman,
Merriam, Hasson, & Heeger, 2012). Different cognitive
systems interact with different parts of the image to
determine where the eyes fixate and how long they
remain fixated in a specific location (Henderson, 1993,
2003). Therefore, important conclusions related to the
temporal aspects of image perception can be obtained
by eye movement analyses (Rayner, 1998).

Different strategies are used by participants during
the time estimation of artwork of a ballerina (Nather,
2006; Nather, & Bueno, 2006). The majority of
subjects reported “to repeat the silhouette of ballerinas
visualized” and “to repeat the different body parts of
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ballerinas revisualizing them.” Therefore, associating
these time distortions with eye movement repetitions is
possible, in which the time spent fixating the eyes on a
specific image area is highly correlated with the time
spent fixated on the same areas during their presentation
(Brandt, & Stark, 1997; Laeng, & Teodorescu, 2002).
From this perspective, information about where and how
long people look at the different body parts of Degas’
ballerinas will contribute to a better understanding of
the processes of visual motion perception and subjective
time.

Expressive qualities of movement are connected to
what we know about their meaning (Arnheim, 2004).
For example, the figurative image of a dancer who poses
with her arms up gives the observer dynamic properties
because it is perceived as a deviation from the normal
standing posture. According to Arnheim, more than
reference points for the eyes, the parts of the body both
direct the eye and can show what the body is doing,
suggesting that some properties and body functions
constitute an inseparable part of its visible character.
From this perspective, the use of abstract images that
represent these ballerinas’ bodies, including schematic
body forms as black-line forms, is appropriate to discern
the effects and differentiate the sensorial and figurative
image components when studying subjective time using
eye movement records (see Orgs et al., 2011; Orgs,
Kirsch, & Haggard, 2013).

The present study verified the relationship between
eye movements and subjective time estimations of
subjects exposed to different implied movement
images for different time durations. In Experiment 1,
the participants observed pictures of Degas’ ballerina
sculptures that implied movements for 18 or 36 s. The
use of different time records was justified because the
patterns of similarities between eye fixation can be
different with different durations of exposure, varying
by a few seconds, and because time perception can be
affected by the duration of exposure (Mannan et al.,
1997; Nather, & Bueno, 2012b). Experiment 2 used
these same images of human bodies that were reduced
to black lines to further investigate whether this effect is
specific to body posture representation or whether it is
linked to the perceptual features of the images.

Experiment 1
Methods

Participants

Forty-six undergraduate psychology students (six
men) who were not trained in Visual Arts or Classical
Ballet at the University of Bourgogne (France), aged
18 to 23 years, participated in the experiment. The
participants were divided into two groups that were
presented the stimuli for 18 s (G18 group, n = 14) and
36 s (G36 group, n = 32). They reported having normal
or corrected-to-normal vision and gained course credit
for their participation.
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Materials

The experiment was conducted during the daytime
in the Laboratoire d’Etude de 1’Apprentissage et du
Développement (Faculty of Psychology). The room
remained with the lights off during the experiment.

Four photographs of dancer sculptures by Edgar
Degas presented in geometric progression according to
the Body Movement Ranking Scale (Nather, & Bueno,
2008) were used as stimuli: “Ballerina resting, hands
on hips and legs left forward” (1.5 points), “Ballerina
resting with hands on hips and right leg forward” (3.0
points), “Third time of great arabesque” (6.0 points),
and “First time of the great arabesque” (training
stimulus; 4.0 points; Figure 1A). The final size of the
images on the Tobii Studio screen was approximately
30 x 40 cm, with 1024x768 dpi resolution. The ballerina
images occupied the central position of the computer
screen, and the rest of the screen was filled with white.
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Figure 1. (A) The 1.5-, 3.0-, and 6.0-point stimuli. Notice that the
1.5- and 3.0-point stimuli are the same position but viewed from
different angles. (B) AOIs used in the experiment. (C) Illustrative
images of the total time of observation of the body parts for one
participant in the G36 group revealed by Tobii Studio. Colors
(green to red) indicate a range: the red means more time observing
a specific body part, and the green means the opposite. © Edgar
Degas, Paris, France, 1834-1917, MASP Collection, Museum of
Art of Sdo Paulo Assis Chateaubriand. Pictures by Joao L. Musa.

The eye movements toward the body images were
recorded using Tobii Studio 1.1. The eye tracking
parameters were the following: (a) fixation time (FT;
the total duration of observation of a specific body part),
(b) observation count (OC; how many times one area
of the body was observed by the subjects), and (c) time
to first fixation (TFF; the time interval elapsed since
the onset of the stimulus until a given area of interest
received fixation for the first time during the total
time exposure of the images). Therefore, marking the
different parts of the body sculptures according to eye-
tracking methodology was necessary (areas of interest
[AOI]). These AOIs were defined according to Civilian
American and European Surface Anthropometry
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Resource criteria (Robinette et al., 2002). Therefore,
the main joints of the body (scapular and pelvic girdle,
elbows, wrists, knees, and ankles), parts of the thorax
and abdomen (breasts, abdomen/umbilicus, and pelvic
region), face, and head were marked as circular AOIs
(Figure 1B).

The time estimations were recorded using the Wave
Surfer program installed on an HP Pavilion notebook.
The prospective paradigm with the reproduction method
of subjective time was used for time estimations (Block,
1990).

Procedure

The participants individually entered the
experimental room and were asked to sit in a chair.
They were then positioned facing the central region of
the Tobii Studio screen at a fixed distance of 40 cm.

The tasks were verbally explained to the participants.
They were instructed to observe each image. After
each observation, they were asked to estimate its
duration of presentation on the white computer screen.
Each participant observed the three stimuli that were
presented in random experimental sequences. Each
stimulus was presented for 18 or 36 s (G18 and G36
groups, respectively). The training stimulus (4.0 points)
was used first to familiarize the participants with the
experimental task.

After the time estimations, a questionnaire was used
to obtain personal information and the strategies used
by the participants to make their time estimations.

Analyses

A one-way repeated-measures analysis of variance
(ANOVA) and Student-Newman-Keuls post hoc
comparisons were used to compare the time estimation
data. Student’s r-test was used to compare the mean
values of the time ratios of the stimuli with the actual
time of exposure (18 s for the G18 group and 36 s for
the G36 group).

A two-way repeated-measures ANOVA and Student-
Newman-Keuls post hoc comparisons were used to
compare the FT and OC data (eye-tracker parameters).
For these analyses, the AOI data were grouped according
to the main body parts: head, torso, and members (i.e.,
arms and legs). The y’test was used for the analysis of
the TFF parameter using all of the AOIs.

Results

Time estimation

The ANOVA did not reveal a significant difference
in time estimation among the stimuli in the G18 group.
The t-test results showed that the temporal estimation of
the 1.5-, 3.0-, and 6.0-point images were not different
from the actual duration of 18 s.

In contrast, a significant effect of time estimation
was observed in the G36 group (F, ., = 3.24, p<.05). The

mean values 0f35.66 s (1.5-point) and 34.44s (3.0-point)
were different from 39.87 s (6.0-point). The 1.5- and
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3.0-point stimuli were estimated to be shorter than the
6.0-point stimulus. The #-test results showed that the
6.0-point stimulus (more movement) was overestimated
(¢, = -2.56, p = .05), and the 1.5- and 3.0-point stimuli
(less movement) were estimated accurately in relation
to the actual duration of 36 s.

Eye movements

Fixation time parameter (G18 group).The ANOVA
of FT in the G18 group, considering the sculptures (1.5-,
3.0-, and 6.0-point stimuli) and different body parts of
each sculpture (head, torso, arms, and legs), revealed
a significant effect of body part (£, ,; = 8.66, p<.001)
and a sculpture x body part interaction (F, ., = 11.50,
p<.001).

The post hoc analysis of body parts showed that the
head was more observed in the 1.5-point stimulus, and
the legs were more observed in the 6.0-point stimulus
(p<.001). The arms were also more observed than
the head and torso in the 3.0- and 6.0-point stimuli.
The parts of the body did not show differences in the
3.0-point stimulus.

The post hoc analysis of the interaction between
body parts and the different sculptures showed that the
head was more observed in the 1.5-point stimulus than
in the 3.0- and 6.0-point stimuli, but the legs were more
observed in the 6.0-point stimulus than in the 1.5- and
3.0-point stimuli (p<.001). The visual observation of
the torso, arms, and legs was similar in the 1.5- and
3.0-point stimuli. The arms were more observed in the
6.0-point stimulus than in the 1.5-point stimulus (all
p<.01).

Observation count parameter (G18 group).The
ANOVA of the OC, considering the sculptures (1.5-,
3.0-, and 6.0-point stimuli) and different body parts of
each sculpture (head, torso, arms, and legs), revealed
significant effects of sculpture (F,,; = 15.94, p<.001)
and body part (F, .. = 15.56, p<.001) and a sculpture x
body part interaction (F ;= 12.25, p<.001). The post
hoc analyses of body parts and the body part x sculpture
interaction were similar to the results described for the
FT parameter. In the graphical representation, the data
similarity between the FT and OC parameters is evident
(Figure 2).
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Figure 2. Mean fixation time and observation count for the
head, torso, arms, and legs in the G18 and G36 groups (18 and
36 s exposure, respectively).
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Fixation time parameter (G36 group).The data
analyses for the G36 group showed similarities to the
G18group (Figure 2). However, in the G36 group, eye
fixation tended to be more specifically oriented to the
different body parts, depending on the stimulus’ implied
movement.

The ANOVA of FT, considering the sculptures (1.5-,
3.0-, and 6.0-point stimuli) and different body parts of
each sculpture (head, torso, arms, and legs), revealed a
significant effect of body part (¥, , = 11.30, p<.001)
and a sculpture x body part interaction (£, . = 14.03,
p<.001).

The post hoc analysis showed the body parts
of the three sculptures (1.5-, 3.0-, and 6.0-point
stimuli) were differently observed (all p<.05). In
the 1.5-point stimulus, the head was more observed
than the other body parts, with the exception of the
torso (all p<.01), and the arms were more observed
than the torso and legs. The data analysis did not
reveal different observations of the head and legs in
the 3.0-point stimulus, but they were more observed
than the arms and torso (all p<.001). In the 6.0-point
stimulus, significant differences in head, arm, and leg
observations were not found, but the arms were more
observed than the torso, and they was less observed
than the legs (p<.01).

The post hoc analysis of the body part x sculpture
interaction revealed the head was more observed in
the 1.5- and 3.0-point stimuli than in the 6.0-point
stimulus (p<.001). Conversely, the arms and legs were
more observed in the 6.0-point stimulus than in the
1.5-point stimulus (p<.05 and p<.01, respectively). The
observation of the arms was not different between the
1.5- and 6.0-point stimuli, and the observation of the
legs was not different between the 3.0- and 6.0-point
stimuli. However, the legs were less observed in
the 1.5-point stimulus than in the 3.0- and 6.0-point
stimuli (p<.001).

Observation count parameter (G36 group).The
ANOVA of OC, considering the sculptures (1.5-, 3.0-,
and 6.0-point stimuli) and different body parts of
each sculpture (head, torso, arms, and legs), revealed
significant effect of sculpture (£, = 12.05, p<.001)
and body part (F ;; = 2.56, p<.05) and a sculpture x
body part interaction (F ., = 9.36, p<.001).

In the G36 group, the post hoc analyses of body
parts and the body part x sculpture interaction were
very similar to those described for the FT parameter
(Figure 2).

Time to first fixation parameter. The TFF data in the
G18and G36 groups suggested that the 1.5- and 3.0-point
stimuli were more slowly observed than the 6.0-point
stimulus (Figure 3). However, the statistical analyses
that compared the time order of AOI observation did
not reveal significant differences between stimuli in the
G18 group.

In the G36 group, significant differences were
found between the 1.5-point (¥’ , = 27.149, p<.05) and
3.0-point (’, = 27.149, p<.01) stimuli and the 6.0-point
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stimulus. In the G36 group, the participants spent more
time observing the sculptures’ body parts in the 1.5- and
3.0-point stimuli (less movement) than in the 6.0-point
stimulus (more movement).
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Figure 3. Mean time to first fixation for 1.5-, 3.0-, and
6.0-point stimuli in the G18 and G36 groups (18 and 36 s
exposure, respectively).

Discussion

Time estimations observed in the G18 and G36
groups replicated the data of previous studies. Pictures
of two artistic objects, a sitting doll (2.0 points of
movement) and a doll that represented a dancing
ballerina (5.0 points), did not affect time perception
when they were exposed for 18 s. However, exposure to
these same dolls for 36 s showed similar time distortions
as when they were observed for 36 s (Nather, 2006;
Nather, & Bueno, 2006). Similarly, the time estimation
data for 36 s exposure were consistent with a previous
study that used these same images of Degas’ ballerinas
(Nather, & Bueno, 2011). The 1.5- and 3.0-point stimuli
(unmoving ballerinas) were estimated shorter than the
6.0-point stimulus (dancing ballerina).

Recently, Nather, & Bueno (2012b) suggested that
the duration of stimulus exposure is a relevant parameter
for subjective time studies because it is inherent in
estimating time processing. In the present study, eye
movements added new information about timing that
were related to implicit processing using different
durations of exposure of 18 and 36 s (G18 and G36
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groups). The TFF data revealed that the time sequence
of body part observation was not different between the
three stimuli with 18 s exposure (G18 group), but the
body parts were more slowly observed in the 1.5- and
3.0-point stimuli in relation to the 6.0-point stimulus
with 36 s exposure (G36 group; Figure 3). The patterns
of eye movements appeared to be more dynamic when
observing the stimulus that implied more movement for
36 s. Therefore, the implied movements modulate eyes
movements based on 1.5-, 3.0-, and 6.0-point movement
intensities. Moreover, the patterns of eye movements
revealed that the differences in time estimation
between the G18 and G36 groups may be attributable
to the duration of stimulus exposure. The distinct time
distortions observed in the G36 group among the stimuli,
implying smaller and greater movements, suggest that
eye movements occurred as a function of the implied
body movements of the ballerinas’ postures.

Other eye parameters support this interpretation.
The FT and OC data showed similarities in both the G18
and G36 groups. However, the data for the G36 group
showed that eye fixation tended to be more specifically
oriented to the different body parts, depending on the
implied movement (Figure 1C). In short, in the G36
group, the head was more observed in the 1.5- and
3.0-point stimuli (less movement) than in the 6.0-point
stimulus (more movement), but the arms and the legs
were more observed in the 6.0-point stimulus than in the
1.5-point stimulus. Interestingly, arm observation was
not different between the 1.5- and 3.0-point stimuli, and
leg observation was not different between the 3.0- and
6.0-point stimuli. Therefore, the body part observation
patterns in the 3.0-point stimulus were intermediary
between the 1.5- and 6.0-point stimuli.

From this perspective, eye modulation was oriented
by the implied body motion of the ballerinas. The legs
were more observed in the 3.0- and 6.0-point stimuli,
likely because the legs indicate the displacement of the
body in three-dimensional space when people are standing.
Importantly, the 1.5- and 3.0-point stimuli were the same
body position photographed at different angles, but one
of them was punctuated with 3.0 points because it can be
interpreted as a ballerina walking (Figure 1). Differences
in movement perception related to body oscillations
were observed when impressionist paintings of Monet
were rotated 180° in relation to their original positions
(Kapoula, & Gaertner, 2013). Moreover, the patterns of eye
movements can predict future observed actions because
the temporal prevision of the body members’ actions is
facilitated by eye observation (Flanagan, & Johansson,
2003; Gueugneu et al., 2008).

The main focus of Experiment 2 in the present study
was to verify whether eye movements are related to the
composition of image quality or whether it is related
to the differential movement induction represented
by body positions (Arnheim, 2004). This experiment
examined whether the same body positions of Degas’
ballerinas reduced to black lines affect time estimations
and eye movements. In this experiment, the figurative
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content of the stimuli became more abstract because of
their reduction in terms of their implicit information and
comprehension (abstract forms).

Experiment 2

Methods

Experiment 2 adopted the same experimental
design as Experiment 1, with the exception that only
the 1.5- and 6.0-point stimuli reduced to lines were used
(Figure 4). Fifty-seven psychology students (nine men)
who were not trained in Visual Arts or Classical Ballet
at the University of Bourgogne (France), aged between
18 and 23 years, participated in the experiment. The
participants were divided into two groups who were
presented with the stimuli in the original position (OP
group, n = 28) and inverted position (IP group, n = 29).
They reported having normal or corrected-to-normal
vision and gained course credit for their participation.

The sculpture images were reduced to lines using
Adobe Photoshop 7.0. To reduce the ballerinas’ bodies
to linear forms, the main joints of the bodies were
marked and linked (girdle, arms, legs, wrists, etc.).
To accomplish this, the same points of the bodies
according to Civilian American and European Surface
Anthropometry Resource criteria in Experiment 1 were
used in Experiment 2 (Robinette et al., 2002). Therefore,
the stimuli were constructed by adding the joints of the
ballerinas’ bodies by connecting them vertically using
straight lines (Figure 4).
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Figure 4. The stimuli reduced to lines used in Experiment
2: 1.5-point (A) and 6.0-point (B) in the original position
group and inverted position group. The same AOIs used in
Experiment 1 were used in Experiment 2 in both the original
and inverted positions.

The same AOIs of Experiment 1 were used in
Experiment 2. The stimuli were randomized for the
participants in the OP and IP groups. The training
stimulus (4.0 points) was also reduced to lines and
presented first to the participants to familiarize them
with the experimental tasks.

Results

Time estimations
The ANOVA, considering the images (1.5- and
6.0-point stimuli reduced to lines) in the different
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groups (OP and IP), did not show an effect of image or
group or an image x group interaction. The #-test results
showed that the mean values of 37.12 and 37.42 s (OP
group) and 34.24 and 34.03 s (IP group) for the 1.5- and
6.0-point stimuli were not different from the actual time
of 36 s of image presentation.

Eye movements

Original position group. The ANOVA of FT,
considering the images (1.5- and 6.0-point stimuli
reduced to lines) and different image parts (areas),
revealed a significant effect of image part (¥, = 86.55,
p<.001) and an image x image part interaction (£, =
11.00, p<.001). The post hoc analyses showed that all
of the parts of the images were distinctly observed (all
p<.01). The image x image part interaction showed that
the areas that represented the head of the sculptures
were more observed in the 1.5-point stimulus than in the
6.0-point stimulus, and the opposite was observed for
the areas of images that represented the legs (p<.001).

The ANOVA of the OC data showed a significant
effect only of image part (F,,; = 99.60, p<.001).
Consistent with the results for the FT parameter, the
post hoc comparisons revealed that all of the parts of the
images were distinctly observed (all p<.001; Figure 5).

These results indicate that the participants tended
to observe more the AOIs that represented the arms
and legs than the head and torso in both the 1.5- and
6.0-point stimuli.
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Figure 5. Mean fixation time and observation count for the
head, torso, arms, and legs in the original position group (OP
group) and inverted position group (IP group) for the 1.5- and
6.0-point stimuli reduced to lines.

Inverted position group.The ANOVA of the FT and
OC data, considering the images (1.5- and 6.0-point
stimuli reduced to lines) and different image parts
(areas), only revealed a significant image x image part
interaction (F3,76 = 68.03, p<.001, and F3’76 = 90.00,
p<.001, respectively). The post hoc analysis showed that
all of the AOIs that represented the different parts of the
sculptures were differently observed. The participants
also tended to observe more the AOIs that represented
the arms and legs than the head and torso in both stimuli
(Fig. 5). This group tended to observe more the AOIs
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that represented the arms and legs than the head and
torso in both stimuli.

The data analysis that compared the AOIs’ order
of observation time (TTF) did not reveal a significant
effect in the OP or IP group. The participants spent
the same time observing AOIs that represented the
body parts in the 1.5- and 6.0-point stimuli (Figure
6).
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Figure 6. Time to first fixation for the 1.5- and 6.0-point
stimuli reduced to lines in the original position group (OP)
and inverted position group (IP).

Discussion

The ballerinas’ body images reduced to lines did
not affect time perception. In the distinct experimental
conditions (OP and IP groups), no differences in time
perception related to the actual time of exposure
were found (36 s). However, eye movements were
differentially affected by the images. Importantly, in
the two experimental conditions, the images became
abstract (Figure 4). Therefore, these abstract bodies
affected movement perception. Abstract artwork that
represent different abstract movements differentially
activate specific brain areas related to visual perception
(see Freedberg, & Gallese, 2007; Kim, & Black, 2007).

In Experiment 2, eye movements in both
experimental conditions (OP and IP groups) were
focused on the lines that represented the arms and legs of
the dancers’ bodies, regardless of the stimulus duration.
Therefore, the eye movement analysis revealed that the
participants’ observation in Experiment 1 was related to
the significance of the images (figurative content) more
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than the specific composition of the images (abstraction).
Eye movements toward abstract paintings by Mondrian
were also affected when the pictures were rotated by
several degrees (Plumhoff, & Schirillo, 2009). Different
parts of one painting received more attention of the
eyes according to the diagonal or horizontal lines. The
same was observed in another study that investigated
the effects of abstract image rotation (Vishwanath, &
Kowler, 2003). These results showed that perceptual
and gaze localizations are based on the precise central
reference position of images that coincides with their
center of gravity.

From this perspective, the different abstract image
content in the OP and IP groups generated different
eye movements related to their specific compositional
content. The eye movement results explain why the
lines that represented the head and legs were distinctly
observed by the participants, showing that the movement
rather than the content of the image changes the pattern
of ocular gaze.

General discussion

The present study showed that subjective time
perception was affected by the compositional content
of the images and their implied movement and by the
duration of exposure (Experiment 1). The effects of
different durations of exposure on time perception were
also recently discussed by Nather, & Bueno (2012b).
Using 9-45 s exposure to the same ballerina images,
the authors reported that time perception was related
to implied movement when the images were presented,
ranging from 27 to 36 s. They indicated the necessity
of conducting more parametric experimental studies
that involve systematic comparisons of time perception
across different task conditions and different durations
because the perception of short and long durations
involves different internal time and specific cognitive
processes related to the properties of the stimuli used
(Eagleman, 2008).

The specific focus of the present study was to
understand the relationship between eye movement and
time perception. The present results revealed aspects of
both visual perception and time perception that affected
aesthetic experience. Therefore, the use of images
that contained different represented movements and
evoked different perceptions caused by compositions
(figurative and abstract images) must be considered in
terms of the effects of visual movement perception on
time estimation. The same images of Degas’ ballerinas
did not affect time perception when they were reduced
to lines (Experiment 2). Although time distortions were
not observed when the participants were exposed to the
images for 18 s, time distortions were evident when
the participants were exposed to the images for 36 s,
replicating the data from previous studies (e.g., Nather,
& Bueno, 2011).

Eye movement patterns were similar in the G18 and
G36 groups with regard to the FT and OC parameters,
but they were different with regard to the TFF parameter.



268

These results support the hypothesis that duration
is a significant parameter in studies that involve the
subjective time of artwork or aesthetic episodes
(Cupchick, & Gebotys, 1988; Nather, & Bueno, 2012b).
Interestingly, the eye movement data showed that
differential attention was given to the images according
to the significance of implicit body actions and body
parts. Most of the participants used the strategy of
carefully observing the image details to facilitate their
mental repetition (imagery) during time estimations.
Specifically, the individuals related in the post-study
interviews that they repeated the same eye movements
made while observing the ballerinas (28%) or tried to
“redraw” or “re-visualize” the body parts (50%) in detail
during the task of time estimation. This information (i.e.,
78% of the individuals tried to remember the figurative
body postures) was consistent with previous studies
that showed that implied movement in two-dimensional
images has more temporal markers of motion (Nather,
& Bueno, 2006), generating more sources of memory
and producing a lengthening of the time experienced by
memory storage (Ornstein, 1989).

Cutting (2002) described different aspects and
constraints related to the perception of movement in
static artwork (paintings and sculptures). He discussed
that artists use at least five different criteria to represent
motion, such as blurring the background of the scene,
superimposing different instants of a moving object in
the same painting, and using asymmetries generated
by relationships between human body parts in different
ways (head, torso, arms, and legs). From the perspective
of visual motion perception, the 1.5-and 3.0-point stimuli
were more symmetrical than the 6.0-point stimulus.
Therefore, the eye movements could be an appropriate
indicator of motion perception in static images because
the participants were more attentive to the legs and
arms in the stimuli that implied more movement (6.0
points). Therefore, the participants tended to increase
the observation of legs according to the movement
intensity of this stimulus when they were exposed
to it for 36 s. Artwork pieces that represent figurative
forms, such as body postures, can be discussed in terms
of their most evident indicators. Body postures reveal
implicit realism evoked by themselves (e.g., balance in
three-dimensional space). Therefore, the relationships
between the legs’ positions and body as a whole could
indicate an actual displacement in two-dimensional
movement representations by memory of the real three-
dimensional world because of the center of gravity.

The realism of these Degas’ ballerinas that represent
motion is evident in the artwork literature (e.g., Growe,
2001). The present study showed that eye movements
were more dynamic (i.e., quick) when the participants
observed the 6.0-point stimulus (more movement) for
36 s. Under this experimental condition, eye fixation
tended to be more specifically oriented to specific body
parts, depending on their implied movement suggested
as a whole. This suggests that the implicit movement
of the ballerinas was more repeatedly visualized, thus
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enabling the subjects to imagine or better remember
the body shapes (Brandt, & Stark, 1997; Laeng, &
Teodorescu, 2002). Brain areas are more activated
and repeatedly recruited when individuals attempt
to produce a better schematic signal of the observed
action (Daems, & Verfaille, 1999; Reed, & Farah, 1995;
Rizzolatti, & Craighero, 2004), which was evident in
the present study when the participants were exposed to
the stimuli for 36s.

From this perspective, eye movement repetition
could be interpreted as mental reconstruction of a
ballerina body’s index, which was suggested by Nather
et al. (2011) who used short durations (milliseconds)
with a bisection paradigm of time estimation, in which
the participants were exposed to the images several
times. Thus, attention to body parts by repetition
produced more stored pulses in memory (Gibbon et al.,
1984). These repetitions of observation may occur on
a continuum of time to successively reset the internal
clock. Therefore, the data in the present study allow
us to infer that the internal clock runs faster and turns
off repeatedly during 18 or 36s exposures. Therefore,
during the time estimations, the participants compared
in memory these stored pulses to extrapolate the actual
time experienced and unconsciously counted time
without making actual numeric counts. This hypothesis
was supported by the 18 s exposure data, in which time
distortions were not observed, likely because of the
turning off of the internal clock was the same for the
different ballerina movements. However, the images
reduced to lines did not change time perception because
these compositions were not specifically related to
body movements. Therefore, the results of Experiment
2 (OP and IP groups) must be considered in terms of
their abstract content rather than movement perception
because the patterns of eye movements were affected by
the simple rotation of the artwork or image (Plumhoff,
& Schirillo, 2009). These kinds of abstract compositions
did not turn off the internal clock because they did not
represent the motion of human beings.

Embodiment mechanisms in artwork associated
with time perception must be considered. Nather et
al. (2011) showed that the duration was judged to be
shorter for a 1.5-point stimulus than for a 6.0-point
stimulus when the ballerinas’ bodies were observed
several times, from 0.4 to 1.6 s but not from2to 8 s, ina
bisection paradigm. Importantly, in this previous study,
the participants observed the images repeatedly (i.e.,
approximately 60 times each) to decide their duration
several times by comparing them to the median duration.
According to Nather et al., based on embodiment
mechanisms and arousal effects, time distortions in
the perceiver may be an index of empathic processes
that enable the individual to understand the actions of
others as a function of timing related to the observed
movement. The data in the present study support this
idea because the participants reported in the post-study
interviews that they repeated the ballerinas’ images in
their mind. However, in the present study, the images
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were shown only once (reproduction paradigm; Block,
1990). This procedure of time estimation suggests that
the ballerinas’ bodies were repeated several times in the
mind when the subjects observed them and also when
they were estimating time. By analogy, this mental
image repetition may also be an encephalic index of
brain activation.

The brain areas recruited by the observation
of other body postures that imply different human
movements were described in studies that used
pictures of people and artwork that represented
human figures (Kourtzi, & Kanwisher, 2000; Osaka,
Matsuyoshi, Ikeda, & Osaka, 2010). Other recent
works have used time as a parameter to understand
the processes associated with the visual perception of
movement in static images (Orgs et al., 2011). These
works showed that implied motion recruited the same
brains areas involved in real movement perception in
both motion processing and the integration of motion
and spatial position, which depends on setting the
processing of body forms (i.e., the image exposure
context). Moscatelli et al. (2011) found that pictures
of people making dynamic movements were more
precisely estimated, but the authors did not discuss
the importance of the background of the scenes’
pictures on time perception. Body postures isolated
on a background have shown that scenes that imply
the movement of human beings affect subjective time
perception (Nather, & Bueno, 2012a). Therefore, the
effects of the contextual composition image exposure
and experimental design must be considered in studies
of time perception (Experiments 1 and 2).

The present study used long-term durations (18 or
36 s), and the participants were exposed to the stimuli
once. The results showed that time perception was
distorted in different ways, consistent with previous
studies that used the same images and same paradigm
of time estimation (reproduction). For the 18 s
exposure duration, the unconscious mental repetition
of images was likely not sufficient to distort time,
which was observed for the 36 s exposure duration.
The real repetition of these images using a short-term
duration (milliseconds) in the bisection paradigm
showed that the subjects repeated the images several
times because of the procedure (Nather el al., 2011).
The present study used 18 and 36 s exposure, and
the implied movement of the static images was
repeated in the participants’ minds several times but
not really re-visualized. Therefore, this important
information explains why the unmoving ballerinas
(less movement) caused less distortion than the
moving ballerinas (more movement). To explain these
results, we propose a hypothesis that is in agreement
with the clock model (Gibbon et al., 1984). The
pulses of the internal clock run faster for images that
imply more movement. However, the clock could
be turned off several times because of the duration
of exposure to the stimuli (18 and 36 s). Therefore,
during the observation of images and consequently
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during the experiment, the individuals estimated time
according to the dynamics of eye movements evoked
by body positions. This hypothesis may be supported
by studies that show that movement perception in
two-dimensional static images modulates both eye
movement and subjective time.

Conclusion

The present study showed that eye movements
were modulated by motion perception in static images
(figurative artwork). Eye movements can be used
as a dynamic index that explains how movement is
processed by people to generate time distortions.
Time distortions in the perceiver may be hypothesized
to be an index of empathy by arousal-level processes
related to the repetition of body postures by the eyes.
This index enables individuals to better understand the
actions of others through embodiment mechanisms.
First, a body position that represents more movement
induces rapid eye movements. Second, by neural
activation of eye movement repetition, individuals
reconstruct the observed movements during the tasks
of image observation and time estimation. Third, this
movement repetition is implicitly related to the imagery
of the continuation of the observed movements of the
differential body postures that generate differential
storage of the internal clock pulses.
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