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Cognitive empathy modulates the visual perception of human-like body
postures without imitation
Misato Oia,b, Hiroshi Itoc, Hirofumi Saitoa, Shuang Menga and Victor Alberto Palaciosa

aDepartment of Cognitive Informatics, Graduate School of Information Science, Nagoya University, Nagoya, Japan; bFaculty of Arts
and science, Kyushu University, Fukuoka, Japan; cDepartment of Psychology, Faculty of Letters, Aichi University, Toyohashi, Japan

ABSTRACT
To examine the mechanism of visual perception of human-like body postures, we
conducted a posture recognition task, a questionnaire survey, and the Interpersonal
Reactivity Index (IRI). The majority of participants perceived the pseudo-posture as a
human posture in the early stage (78%), but only approximately half of them reported
the imagination of bodily movement (66%). These results suggest that the majority
of observers perceive pseudo-postures as human postures in the early stage of
perception, but this human posture perception does not necessarily lead to the
visualisation of bodily movement. In a group of who received the pseudo posture as a
human-posture regardless of the perception stages, the participants who imagined
bodily movement (64%) showed significantly higher scores than those who did not on
the Fantasy subscale of the IRI. Highly empathic participants are more likely to detect a
kinematic relation between the pseudo-postures.
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Previous studies have reported that when we
observe somebody else executing an action, many
areas of our own motor systems are activated. Func-
tional magnetic resonance imaging studies have
reported such activations in the ventral and dorsal
premotor cortices, inferior parietal lobule, and
primary motor cortex (Iacoboni, 2009; Iacoboni
et al., 1999; Rizzolatti, Fogassi, & Gallese, 2001; Rizzo-
latti & Craighero, 2004; Rizzolatti & Sinigaglia, 2010).
Although it is widely acknowledged that motor
areas are activated during action observation, it is
still not clear whether these activations are either
in part or entirely due to mirror neurons (Oosterhof,
Tipper, & Downing, 2013; Oztop, Kawato, & Arbib,
2013). Mirror neurons were first found in the
macaque monkey F5 area in premotor cortex and
discharge when an action of the same type is
either executed or observed (di Pellegrino, Fadiga,
Fogassi, Gallese, & Rizzolatti, 1992; Gallese, Fadiga,
Fogassi, & Rizzolatti, 1996; Rizzolatti, Fadiga,
Gallese, & Fogassi, 1996). Subsequent studies con-
firmed homologous human activity in the rostral
part of the inferior parietal lobule (Brodmann’s
area [BA] 40) and the lower part of the precentral
gyrus (BA6, i.e. premotor area) plus the posterior

part of the inferior frontal gyrus (BA44, i.e. Broca’s
area) (Rizzolatti & Craighero, 2004; Rizzolatti et al.,
2001). This network is known as the mirror neuron
system (MNS) in human. Some researchers have
focused on how the MNS interacts with the other
brain regions that have higher order cognitive func-
tions, such as cognitive control and empathy (Ave-
nanti, Candidi, & Urgesi, 2013; Hickok, 2013;
Keysers, 2009; Kilner, 2011; Oztop et al., 2013).

Recent studies demonstrate that some inhibitory
mechanism is required to control automatic activity
of the MNS (Brass, Ruby, & Spengler, 2009; Cross &
Iacoboni, 2014; Cross, Torrisi, Losin, & Iacoboni,
2013). The activities in the human MNS are modu-
lated by the degree of intervention from other
brain regions that have some higher order cognitive
functions, such as the cognitive control that inhibits
unwanted behaviour (Brass et al., 2009; Cross et al.,
2013), and empathy that allows the understanding
of other people’s sensations and emotions by
sharing their sensory and affective states (Cross
et al., 2012; Gazzola, Rizzolatti, Wicker, & Keysers,
2007; Saygin, Chaminade, Ishiguro, Driver, & Frith,
2012). For example, Cross et al. (2013) investigated
the interactions between the cognitive control and
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MNSs by using an “imitation-inhibition task” in which
participants have to execute their index or middle
finger movement, respectively, in response to the
observed finger movement of a video-taped hand.
The imitation-inhibition task consisted of two con-
ditions. In the congruent condition, the stimulus
and response were similar (e.g. index finger response
to observed index finger movement), while in the
incongruent condition, the stimulus and response
were dissimilar (e.g. index finger response to
observed middle finger movement). A conflict
between response and observed fingers in the incon-
gruent condition yielded more activation in the pre-
frontal neural network, specifically in the anterior
insula associated with cognitive control system.
Cross et al. (2013) suggest that anterior insula sup-
presses the automatic activity in the MNS in imitative
response to the observed incongruent actions.

Activity in the MNS is also influenced by the sep-
arate components of empathic traits (Bufalari &
Ionta, 2013; Kaplan & Iacoboni, 2006; Keysers, Kass,
& Gazzola, 2010). For example, Kaplan and Iacoboni
(2006) showed that the activity in the inferior frontal
mirror neuron area positively correlated with scores
both on the Empathic Concern and Fantasy sub-
scales of the Interpersonal Reactivity Index (IRI)
(Davis, 1983), which measures “emotional” and “cog-
nitive” empathy, respectively. Interestingly, higher
scores on the Fantasy subscale were associated
with increased activity in the MNS when the partici-
pants observed a grasping action of an actor in
which the intention of the action was not clearly
suggested by the context (Kaplan & Iacoboni,
2006). The Fantasy subscale measures the tendency
to imagine oneself in the place of fictional characters
in books or movies. For example, one representative
item in this scale reads: “When I watch a goodmovie,
I can very easily put myself in the place of a leading
character.”

Thus, some studies have reported that the inter-
vention of these higher order cognitive functions
in activities of the MNS when the stimuli are con-
crete such as finger movement (Cross et al., 2013)
and grasping (Kaplan & Iacoboni, 2006). However,
it is still controversial whether the activities in the
MNS more sensitively reflect degree of engagement
of higher order cognitive functions when stimuli are
ambiguous such as incomplete human-like objects.
The first aim of the present study was to investigate
whether the higher order cognitive functions modu-
late the activities in the fronto-parietal mirror neuron
circuit during perception of more abstract and

ambiguous postures (i.e. simplified pseudo-pos-
tures) that may permit a variety of interpretations.

Even though the MNS is involved in perception of
human action, it is not clear whether the MNS is
tuned selectively to a human-like appearance, or a
biological motion of the observed action (Saygin
et al., 2012). Some studies have reported that the
MNS is activated by the observation of both
human and robot actions, with no significant differ-
ences between these two agents (Cross et al., 2012;
Gazzola et al., 2007; Oberman, McCleery, Ramachan-
dran, & Pineda, 2007), whereas others have argued
that the MNS either does not respond or weakly
responds when the perceived actor is a robot com-
pared with a human (Kilner, Paulignan, & Blakemore,
2003; Press, Gillmeister, & Heyes, 2007; Tai, Scherfler,
Brooks, Sawamoto, & Castiello, 2004).

Previous studies have shown that the fronto-par-
ietal mirror neuron circuit responds not only to full
displays of body actions, but also to point-light dis-
plays of human actions (Saygin, Wilson, Hagler,
Bates, & Sereno, 2004) and to static images implying
a body action (Johnson-Frey et al., 2003; Urgesi,
Moro, Candidi, & Aglioti, 2006; Urgesi et al., 2010).
The premotor cortex is activated by the presentation
of sequential events either that represent human
body postures not implying an action (Ito, Saito,
Shiraishi, & Yamamoto, 2007, 2008; Saito & Shiraishi,
2002; Shiraishi & Saito, 2002), or geometrical form (e.
g. circle) (Schubotz & von Cramon, 2004). For
example, Ito et al. (2008) have reported that the
inferior frontal mirror neuron area (the lower part
of the precentral gyrus and the posterior part of
inferior frontal gyrus) may be activated when obser-
vers infer a kinematic relation between sequentially
presented artificial human postures depicted with
three-dimensional computer graphics. The kin-
ematic relation is subject to the flexibility of joints
of the human body. This result suggests that our per-
ceptual system could function to perceive observed
objects as human by means of conceptually driven
processing (Blake & Shiffrar, 2007; Norman & Rumel-
hart, 1975). It is important to note that the still
images of the human body postures are not purely
linked by “apparent motion”. In the study of Ito
et al. (2008), the inter-stimulus interval (ISI)
between the two postures was 1 s, because the
apparent motion studies suggest that viewing
human posture becomes linked by apparent
motion in less than 750 ms ISI (Kourtzi & Shiffrar,
1999; Shiffrar & Freyd, 1990; Stevens, Fonlupt, Shif-
frar, & Decety, 2000).
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However, it remains an open question whether
activity in the MNS is modulated by not only cogni-
tive control and empathy but also other higher order
cognitive functions. For instance, Saito and his col-
leagues examined whether a tendency of retrieving
the conceptual knowledge of human body posture
or bodily movement (i.e. the higher order cognitive
function) affects activity in the MNS (Ito et al., 2014;
Saito, Ito, Oi, & Shiraishi, 2009). They used more
abstract and ambiguous objects in the posture recog-
nition task used in Ito et al. (2008), i.e. simplified
pseudo-postures that could have several individual
interpretations rather than human postures. Figure
1 illustrates a human posture used in Ito et al.
(2008) and a pseudo-posture (i.e. wrists, head, and
legs removed) used in Ito et al. (2014). The partici-
pant’s task was to observe a list of five asymmetrical
face-to-face target pseudo-postures sequentially
presented and to judge whether a test pseudo-
posture was identical to one of these preceding
target postures. In the posture recognition task,
complexities of the kinematic relation between the
neighbouring pseudo-postures were manipulated
as a function of the number of joints responsible
for a postural change between the neighbouring
pseudo-postures. The stimulus lists consisted of
five target pseudo-postures that varied in the
number of joints (one vs. four), named one-step
and four-step conditions. The one-step condition
produced a smaller amount of postural change
between a preceding pseudo-posture and a sub-
sequent pseudo-posture, while the four-step con-
dition produced a larger amount of postural
change. In the four-step condition, the four joints
varied simultaneously between a preceding
pseudo-posture and a subsequent pseudo-posture.
If the five target pseudo-postures are processed
independently, there should be no difference in
the recognition performances and brain activities
between the one-step and four-step conditions. Ito
et al. (2014) confirmed that the part of the inferior
frontal mirror neuron area was activated in the
high sensitivity group (10 of 14 participants: 71%)
that perceived the pseudo-postures as human pos-
tures, but not in the low sensitivity group (4 of 14
participants: 29%). It is possible that the activities
of the MNS could be modulated by the activation
of the higher order conceptual system that retrieves
the knowledge of human body posture for perceiv-
ing the pseudo-postures as human postures.

The present experiment was designed to examine
the following three questions, using the same

experimental paradigm based on behavioural
measures and stimulus in Ito et al. (2014) and a
large group of approximately 120 participants. First,
in the large group, what is the ratio of people who
perceive the human-like body postures (i.e. pseudo-
postures) as human postures to those who do not?
Second, if the participants perceived thepseudo-pos-
tures as human postures, then did all of them infer a
kinematic relation between the neighbouring
pseudo-postures and visualise the kinematic relation
as a human bodily movement? Third, whether the
perception of the pseudo-postures is intervened by
the separate components of empathic traits (i.e. the
higher order cognitive functions)? To answer the
first and second questions, after the posture recog-
nition task, we asked a larger number of participants
(n = 121) whether they perceived the pseudo-pos-
tures as humanpostures and visualised the kinematic
relation between the pseudo-postures as a human
bodily movement. We hypothesised that the ratio
of high versus low sensitive groups (approximately
70% vs. 30%) in Ito et al. (2014) may imply the inter-
vention-ratio of the higher order cognitive functions
on theMNS activity. In other words, we hypothesised
that the intervention of higher order cognitive func-
tions may modulate the visual perception of
pseudo-postures without imitation. This hypothesis
may be consistent with some research that reported
relationship between empathy and non-corporeal
objects in pain perception (Costantini, Galati,
Romani, & Aglioti, 2008), self-motion perception
(Lopez, Falconer, &Mast, 2013), and touch perception
(Keysers et al., 2004). To answer the third question, we
asked participants to complete the IRI that measured
empathic traits in order to examine whether the par-
ticipants who show highly empathic scores have ten-
dencies to perceive the pseudo-postures as human
postures, and visualise the kinematic relation
between the pseudo-postures.

Method

Participants

One hundred and twenty-one undergraduate stu-
dents (109 males and 12 females; age: 18–25
years) at Nagoya University participated in the
present study as a group for course credit. All partici-
pants with normal or corrected-to-normal vision
were naive to the purpose of the study, which was
approved by the local ethics committee of the
department of cognitive informatics at Nagoya
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University. Written informed consent was obtained
from all participants.

Materials

We used the pseudo-postures from Ito et al. (2014).
The human posture used in Ito et al. (2008) was
replaced by five cylinder arms and one ellipsoid
body. We produced 100 pseudo-postures based on
the combinations of left/right shoulder orientations
(0°, 45°, 90°, 135°, and 180°) defined by clockwise
or counterclockwise rotations from the upright pos-
ition in the vertical plane, and left/right elbow orien-
tations (0° and 90°) defined in the same manner as
the shoulder. We then excluded 32 pseudo-postures
due to their high discriminability. That is, 19 pseudo-
postures had the limbs twisted in a biomechanically
impossible manner. Nine pseudo-postures were
symmetrical with respect to the median line, and
four pseudo-postures were symmetrical with
respect to a point. We finally used 68 basic
pseudo-postures. These pseudo-postures were
designed using a three-dimensional computer
graphics software (Shade R5; e-frontier Inc., Tokyo,
Japan). Figure 2 illustrates examples of the pseudo-
postures used in this experiment.

In order to generate all combinations of 2
pseudo-postures from 68 basic pseudo-postures,
we define the number of joints as a function of the
bilateral postural change between a preceding
pseudo-posture and a subsequent pseudo-posture.
The minimum number of joints was one, while the
maximum number was four. We obtained 720 com-
binations of one joint, and 1024 combinations of
four joints. The target sequences consisted of five
pseudo-postures that were determined from the
combinations of one or four joint. We designated
the joint conditions for one joint and four joints as
one-step and four-step conditions, respectively.

The pseudo-postures were displayed on a 120-
inch screen in a lecture room for a general course
of psychology. None of the stimuli in a target
sequence were used twice in the same target
sequence. We used the number of joints in the
pseudo-posture condition (i.e. one and four steps)
as the independent variables.

Procedure

The participants were seated in front of the screen
and asked to observe sequentially presented
pseudo-postures and then to judge whether a test

Figure 1. Sample stimuli. (a) Human posture used in Ito et al. (2008). (b) Pseudo-posture used in this study.

Figure 2. Examples of pseudo-postures. The pseudo-postures used in the one-step and four-step conditions are shown in the
top and bottom rows, respectively.
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pseudo-posture was identical to one of the preced-
ing five target pseudo-postures. To avoid the risk of
conformist bias, before the experiment began, par-
ticipants were instructed not to talk to each other
or look at others’ questionnaires during the exper-
iment. One experimental trial consisted of three
experimental phases, i.e. study phase, test phase,
and confidence judgment phase.

The study phase consisted of a fixation point and
five target pseudo-postures, each trial began by pre-
senting a white fixation point on a black background
for 1 s, followed by a blank interval of 1 s with the
presentation of the first target pseudo-posture. The
first target pseudo-posture was presented for 1 s. A
blank screen was displayed for 1 s, followed by the
second target pseudo-posture presented for the
same duration as the first. Thus, both the stimulus
duration and the ISI were 1 s. The fixation point
and the target pseudo-postures were displayed at
the left of the centre of the screen. The participants
were instructed to observe sequentially presented
pseudo-postures and memorise them.

The test phase consisted of a fixation point and a
test pseudo-posture, the fixation point was dis-
played for 1 s, followed by a blank interval of 1 s.
Then, the test pseudo-posture was presented for 2
s. The fixation point and test pseudo-posture were
displayed at the right from the centre of the
screen in order to eliminate the effect of the after-
image of the target stimuli on the screen. The task
of the participants was to make a recognition judg-
ment (yes or no) for the test pseudo-posture. They
were asked to check the “YES” box on the response
sheet when the test pseudo-posture was also pre-
sented as a target pseudo-posture in the study
phase, and to check the “NO” box on the response
sheet when it was not presented. They were encour-
aged to respond as accurately as possible. Partici-
pants were not given feedback on whether their
response was correct or not.

In the confidence judgment phase, the partici-
pants were asked to rate the degree of their confi-
dence in recognising the answer being correct on
a 4-point scale (from 1 = the least confident to 4 =
the most confident), and to check the corresponding
box on the response sheet. The 4-point scale was
presented for 2 s. This confidence judgment was
introduced for motivational enhancement in the rec-
ognition task. After the confidence judgment phase,
participants were given an inter-trial interval of 10 s.

Prior to participating in the experimental trials,
each participant completed a block of six practice

trials. In the practice trials, the participants were
asked to perform recognition after the presentation
of digits from one to nine instead of pseudo-pos-
tures. The experimental session consisted of two
blocks and was fixed in an order of the one-step
first and then the four-step condition. In each step
condition consisting of six trials, half of the trials
were assigned to the positive set in which a positive
response was required, and the other half were
assigned to the negative set in which a negative
response was required. The positive/negative set
was randomised within each step condition. The
experimental session lasted for approximately 10
minutes.

A pilot study was conducted to confirm that
whether participants complete the recognition task
even they were not tested individually. First year
undergraduate students (n = 101) at Nagoya Univer-
sity participated in the pilot study. They were differ-
ent from those who participated in the actual
experiment. The results revealed that the mean hit
rates (one-step: 77%, four-step: 72%) and the mean
correct rejection rates (one-step: 74%, four-step:
91%) in the pilot study are comparable to those of
Ito et al. (2014), that is the mean hit rates (one-
step: 76%, four-step: 83%) and the mean correct
rejection rates (one-step: 67%, four-step: 90%).

After the recognition task, participants were
given a questionnaire to report whether they had
considered the pseudo-postures as the human pos-
tures or not, and to report whether they had ima-
gined bodily movement of the pseudo-postures or
not. If their answers were “YES” in the first question,
the participants completed a questionnaire in which
they were asked when they considered the pseudo-
postures as human postures during the recognition
task. Responses were made on a six-point scale, with
response options including “the first target pseudo-
posture in the first trial”, “the fifth target pseudo-
posture in the first trial”, “the test pseudo-posture
in the first trial”, “the first half of the recognition
task”, “the second half of the recognition task”, and
“after the recognition task” (coded 1, 2, 3, 4, 5, or
6, respectively).

We used the IRI (Davis, 1983) translated into Japa-
nese (Sakurai, 1988). The IRI consists of four 7-item
subscales—perspective taking (PT), fantasy (FS),
empathic concern (EC), and personal distress (PD).
The first two subscales (PT and FS) measure the cog-
nitive aspect of empathy, whereas the other sub-
scales (EC and PD) are presumed to tap the
affective aspect of empathy. The PT subscale
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assesses the ability to adopt the viewpoint of
another person. The FS subscale measures the ten-
dency to identify oneself with fictional characters
in books, movies, or plays. The EC subscale measures
feelings of sympathy or compassion for another
person. The PD subscale assesses self-oriented feel-
ings of distress or anxiety in emergency situations
or in reaction to negative emotions of others. Each
item of the IRI is scored on a 5-point Likert scale
ranging from 0 (does not describe me well) to 4
(describes me very well). Satisfactory internal (from
0.71 to 0.77) and test–retest (from 0.62 to 0.71)
reliabilities have been reported for the four sub-
scales (Davis, 1983). After the recognition task, par-
ticipants were given the IRI and answered it.

Results and discussion

Referring to the introspection sheets of the 121 par-
ticipants, they were divided into two groups accord-
ing to whether they perceived the pseudo-postures
as human postures or not: 118 of them (98%)
marked that they perceived the pseudo-postures
as human postures, while 3 of them (2%) did not.
We performed a chi-square test on the proportion
of participants in the first question. The proportion
of participants in “YES” was significantly higher
than that in “NO”, χ2(1) = 109.30, p < .01. This result
is the same as in Experiment 2 and suggests that
the majority of the participants (98%) perceived
the pseudo-postures as human postures.

The 118 participants (98%) answered the sub
question in which they were asked when they per-
ceived the pseudo-postures as human postures
during the recognition task. A chi-square test was
conducted. The results indicated that the partici-
pant’s response patterns across the six response
options were not equally distributed, χ2(5) =
269.13, p < .01. Of the participants, 94 (78%) selected
the first response option (“the first target pseudo-
posture in the first trial”) which was larger than
those for the other response options (p < .05), and
14 of the participants (12%) selected the second
response option (“from the second to the fifth
target pseudo-posture in the first trial”) which was
larger than those for the third (n = 1), the fifth (n =
1), and the sixth response options (n = 0) (all p
< .05), but not that for the fourth (n = 8). These
results suggest that most of the participants per-
ceived the pseudo-postures as human postures at
an early stage during the recognition task.

The second question in the introspection sheet
asked the participants whether they had imagined
a movement of pseudo-postures or not: 78 of 118
participants who assumed the pseudo-postures as
human posture (66%) marked that they had ima-
gined the movement (movement group), while 40
of them (34%) did not (no movement group).
There was a significant difference in the proportion
of participants in the second question, χ2(1) =
12.01, p < .01. This result suggests that most of the
participants (98%) who perceive the pseudo-pos-
tures as the human postures have a relatively high
tendency to imagine the movement of the
pseudo-postures.

We calculated each participant’s d′ scores (Miller,
1996; Snodgrass & Corwin, 1988) in the one-step and
four-step conditions, respectively. A two-way
repeated-measures ANOVA was conducted, with
the number of steps (one-step and four-step) as
the within-subject factor, and the imagination of
movement (movement and no movement groups)
as the between-subject factor. Figure 3 shows the
average d′ for each group. The main effects of the
number of steps and the imagination of movement
were not significant (F < 1 in both cases), whereas
the interaction of these factors was significant, F(1,
116) = 7.15, MSE = 0.56, p < .01. Simple main effect
tests revealed that the movement group showed a
significantly higher mean d′ score in the four-step
condition than in the one-step condition, F(1, 116)
= 4.40, MSE = 0.56, p < .05. In contrast, the no move-
ment group did not show a significant difference
between the four-step and one-step conditions, F
(1, 116) = 3.20, MSE = 0.56, p = .076. The difference
between the movement group and the no

Figure 3. Mean d′ scores in the movement and the no
movement groups. The solid bars indicate the four-step
condition, and the open bars indicate the one-step con-
dition. Error bars represent standard errors. *p < .05.
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movement group was neither significant in the one-
step condition, F(1, 116) = 3.30, MSE = 0.50, p = .071,
nor in the four-step condition, F(1, 116) = 3.89, MSE
= 0.62, p = .051. These results are consistent with
Ito et al. (2014) and suggest there are different pro-
cesses between the movement and the no move-
ment groups for the posture recognition task. That
is, in the study phase, the movement group might
generate a mental image of a bodily movement
from the sequentially presented pseudo-postures,
and then their memory load might be relatively
low for visually encoding different pseudo-arm con-
figurations of pseudo-postures. However, in the rec-
ognition phase, this imagination might result in
difficulty in identification of each pseudo-posture,
because the pseudo-posture was a component of
the imagination of bodily movement. The difficulty
in the recognition phase might lead to the low
identification accuracy (i.e. d′ score) in the one-
step condition that had relatively high similarities
of pseudo-postures compared with the four-step
condition.

In contrast, the no movement group might not
generate a mental image of a bodily movement,
and then their memory load for encoding different
pseudo-arm configurations of pseudo-postures
might have the same level in both the one-step
and the four-step conditions. Therefore, there is no
significant difference of identification accuracies
between the one-step and the four-step conditions.

In order to verify whether both the movement
and the no movement groups showed changes in
bias of responses between one-step and four-step
conditions, we also calculated C (criterion) as
measure of bias/criterion in participants’ responses
(Snodgrass & Corwin, 1988) in the one-step and
the four-step conditions, respectively. A two-way
repeated-measures ANOVA was conducted for the
average C for each group, with the number of
steps (one-step and four-step) as the within-
subject factor, and the imagination of movement
(movement and no movement groups) as the
between-subject factor in the same way as the
analysis of d′. Figure 4 shows the average C for
each group. Only the main effect of the number of
steps was significant, F(1, 116) = 31.69, MSE = 0.11,
p < .001. The main effect of the imagination of
movement and the interaction were not significant
(F < 1 in both cases). The main effect of the
number of steps indicates that in the four-step con-
dition both of the groups were more biased toward
“no” responses than in the one-step condition. This

result is consistent with the basic findings of the pre-
vious studies (Ito et al., 2007, 2008, 2014; Saito &
Shiraishi, 2002; Shiraishi & Saito, 2002), which
implies that the criterions (i.e. response bias) were
equivalent in both groups. That is, the difference
of sensitivity (d′) between the groups is probably
due to the tendency to generate a mental image
of a bodily movement, but not a shift of criterion
in each group.

Self-rated empathy scores from the IRI question-
naire are reported in Table 1. In order to examine
whether the empathic trait is related to the visualisa-
tion of a kinematic relation between the neighbour-
ing pseudo-postures, a two-sample t-test was
applied to each IRI subscale and showed a signifi-
cant difference between the two groups for FS sub-
scale, t(116) = 2.43, p < .05, but not for PT, t(116) =
0.92, ns, EC, t(116) = 0.55, ns, and PD, t(116) = 0.47,
subscales. The higher score on the FS subscale of
the movement group compared to the no move-
ment group suggests that the participants who
had a high score on the FS subscale seem to gener-
ate a mental image of sequential body movement.
Note that, Davis (1980) reported that women
showed higher scores than men in each of the sub-
scales, in particular, the difference was the largest for
the fantasy scale. Consistent with that, the IRI scores
of the participants in the present study were rela-
tively lower than those of Sakurai (1988) in which
the most of the participants were women. This
difference might come from the different men-to-
women ratio and/or other of their attributes. For
example, the participants in the present study
were students of the faculty of engineering and
the participants in Sakurai were students of the
faculty of education. The results of the present

Figure 4. Mean C scores in the movement and the no
movement groups. The solid bars indicate the four-step
condition, and the open bars indicate the one-step con-
dition. Error bars represent standard errors. *p < .05.
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study were possibly affected by a men-to-women
ratio bias and/or other attributes of the participants.
For instance, if the participants were women whose
fantasy scale scores were relatively higher than men,
the relation between the fantasy scale and sensi-
tivity to a kinematic relation of observed human-
like objects would be more notable than the
present study.

General discussion

Unlike previous studies which used human actions
(Kaplan & Iacoboni, 2006) and its imitative responses
(Cross et al., 2013), we investigated the intervention
of higher order cognitive functions on the visual per-
ception of pseudo-postures without imitation. Here,
we discuss the functional role of the perception of
human body in terms of the perception of bodily
movement and the separate components of
empathic traits. First, the present data based on
the introspection sheet demonstrated that almost
all the participants (98%) perceived the pseudo-pos-
tures as human postures by the end of the posture
recognition task. Second, the present data also
showed that most participants (78%) perceived a
pseudo-posture as a human posture at the
moment in which the first target pseudo-posture
was presented. These results are compatible with
the ratio of high versus low sensitive groups in Ito
et al. (2014) and indicate that these ratios were
observed not only in the small group, but also in
the large groups. In the present study, it is interest-
ing that the majority of the observers perceived a
pseudo-posture as a human posture in the early
stage of perception. This result may imply that con-
ceptual knowledge of one’s own body and/or
another’s body configurations (e.g. the two arms
are located in the upper half of the trunk) is
promptly used to perceive a pseudo-posture as a
human posture.

Although most participants (78%) perceived the
first target pseudo-postures as a human posture,
about two-thirds of the participants (66%) ima-
gined the bodily movement of pseudo-postures
and the others (34%) did not. These results

suggest that the “perception of a human body” is
not necessarily associated with image of a human
bodily movement. Although inherently linked,
some neurophysiological studies have suggested
that human body form and bodily movement are
represented in separate neural substrates, i.e. extra-
striate body area and premotor cortex, respectively
(Urgesi et al., 2006; Urgesi, Candidi, Ionta, & Aglioti,
2007). To visualise a kinematic relation between
incomplete human-like objects, more cognitive
load to extract the representation of not only
human body form but also human bodily move-
ment would be required. Therefore, the minority
of participants (34%) did not imagine a human
bodily movement perhaps to avoid this cognitive
load.

Thus, the present study demonstrates that the
cognitive empathic traits correlate with a tendency
of visualising the kinematic relation as a human
bodily movement. People who had a high score
on the FS subscale seemed to generate a mental
image of sequential body movement. The FS sub-
scale measures the tendency of participants to
identify with characters in fictional situations. It is
considered a measure of cognitive empathy. For
example, one representative item in this subscale
is: “When I watch a good movie, I can very easily
put myself the place of a leading character.”
Kaplan and Iacoboni (2006) have reported that
higher scores on the FS subscale were associated
with increased activity of the inferior frontal
mirror neuron area during the observation of
incongruent intention video clips that represent
precision grips embedded in a cleaning context
or whole-hand prehensions in a drinking context.
They suggest more empathic people exert more
effort to determine the intention of the actor in
the video clip by taking the perspective of that
actor when the intention is not clearly indicated
by the context. The present study showed the
ability to take the perspective of a character in a
movie is relevant to the tendency to generate a
mental image of a bodily movement of sequen-
tially presented pseudo-postures. This suggests
that empathic traits may relate to sensitivity to a

Table 1. IRI scores in the movement and no movement groups.

Group n

Subscales

TotalPerspective taking Fantasy Empathic concern Personal distress

Movement 78 16.42 (3.18) 17.13 (2.30) 15.92 (2.80) 18.67 (2.37) 68.14 (6.36)
No movement 40 15.85 (3.26) 16.05 (2.23) 16.23 (2.85) 18.45 (2.35) 66.58 (7.19)

Note: Standard errors are in parentheses.
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kinematic relation as human movement of
observed human-like objects.

Conclusion

Our study demonstrates that human concepts affect
the perception of human-like body postures (i.e.
pseudo-postures). Our results indicate that most of
the observers perceive the sequentially presented
pseudo-postures as human postures in the early
stage of perception, but this perception does not
necessarily lead to the imagination of bodily move-
ment. Furthermore, our results reveal that the ten-
dency to take the perspective of others is relevant
to the tendency to generate a mental image of a
bodily movement of sequentially presented
pseudo-postures.
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