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We used 24-channel near-infrared spectroscopy to investigate
brain activity during the observation of sequentially presented
meaningless postures, without the observers moving their limbs.
The participants’ task was to observe target postures and recog-
nizewhether a test posturewas presented in the preceding target
postures.The sequence varied in terms of number of joints (1-step
and 4-step conditions) functioning during the changes in neighbor-
ing postures. The results revealed that the oxy-hemoglobin

concentrations in the lower part of the precentral gyrus increased
to a greater extent in the 4-step condition than in the1-step condi-
tion.This suggests that the area related to action plans is activated
when observers recognize the possibility of body movement even
during the observation of staticmeaningless postures. NeuroReport
19:1411^1415�c 2008 Wolters Kluwer Health | Lippincott Williams
&Wilkins.
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Introduction
Neuroscience research in humans has demonstrated that the
activation of a frontoparietal neural network is involved in
the observation and execution of actions [1,2]. This network –
the mirror neuron system – consists of the rostral part of
the inferior parietal lobule, the lower part of the precentral
gyrus, and the posterior part of the inferior frontal gyrus [1].
Using functional magnetic resonance imaging and magne-
toencephalography, many studies have reported that the
functional role of the mirror neuron system is to resonate in
response to the elementary motor acts (e.g. finger lifting and
precision grip) that form an observed action [1–9].

Most neuroimaging studies on the mirror neuron system
have used actions or movements (i.e. moving objects) for the
imitation. In contrast to the earlier studies, Tanaka et al.
found that the inferior frontal gyrus and the parietal lobule
(mirror neuron circuit) were activated when participants
were asked to imitate observed meaningless finger config-
urations or hand/arm postures (i.e. static objects) [10,11].
Their results suggest that the functional role of the mirror
neuron system is to rearrange an elementary motor act
through the detailed analysis of static postures and the
manipulation of the motor image. They investigated the
activation of the mirror neuron circuit during the imitation
of static postures, whereas some behavioral studies have
reported that the mirror neuron circuit may be activated
when observers integrate static postures into a body
movement without moving their own limbs for imitation
(e.g. [12]).

Ito et al. [12] suggested that sequentially presented
meaningless postures are bound to their spatiotemporal
properties although the views of the postures are not linked
by apparent motion, without the observers moving their
own limbs for imitation. They examined whether the human
cognitive system integrates static human postures that do
not require binding and produces representation of con-
tinuous movement. Participants were asked to observe a list
of eight asymmetrical face-to-face postures sequentially
presented and reconstruct the original order of the
presented postures with postures printed on a sheet as a
clue. In the cued reconstruction test, biomechanical con-
straints of postures, depicted with 3-dimensional computer
graphics, were manipulated as a function of the number of
joints that produce a change of neighboring posture. The
presented lists of eight target postures varied in terms of
number of joints (one vs. four), named 1-step and 4-step
conditions. The 1-step condition produced a small amount
of changes of neighboring postures, whereas the 4-step
condition produced a large amount of changes. In the 4-step
condition, the four joints varied simultaneously between a
preceding posture and the subsequent posture.

If the eight target postures are processed independently,
there should be no difference in the proportion of correct
recall of the original order between the 1-step and 4-step
conditions. Their results showed that the proportion of
correct recall in the 1-step condition was higher than the
4-step condition. These results suggest that observation
elicits binding between neighboring meaningless postures.
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The neural mechanisms underlying the processing of
sequentially presented meaningless postures have, however,
been poorly understood. Therefore, we aimed to examine
whether the left inferior frontal cortex (area related to action
plans, i.e. the part of the mirror neuron system) is activated
when observers recognize the possibility of human move-
ment through observation of static postures. We used
multichannel near-infrared spectroscopy (NIRS) to measure
the brain activities in the left inferior frontal cortex. NIRS is
a noninvasive neuroimaging method that measures cortical
haemodynamic responses by using near-infrared light
emitted from the optodes placed on a person’s head [13–15].
Although NIRS has limitations such as relatively low spatial
resolution, it has an advantage – few physical constraints –
in comparison with functional magnetic resonance imaging
and magnetoencephalography. As it imposes relatively few
physical constraints on the participants, their movements
are almost natural – this is difficult to achieve with other
imaging methods [16].

In this study, we conducted a recognition task comprising
a study phase – observation of sequentially presented target
postures – and a test phase – recognition of a posture, that
is, participants were asked to recognize whether a test
posture was presented in the preceding target postures. We
hypothesized that binding between neighboring postures is
activated during the study phase and analyzed the cortical
hemodynamic responses during the study phase. However,
to maintain the participants’ motivation during the study
phase and consistency with the experimental paradigm
of the study by Ito et al. [12], we used the recognition task.
We concluded that if sequentially presented meaningless
postures are integrated into a body movement, the left
inferior frontal cortex would be modulated by the number
of joints, without the observers having moved their limbs.

Methods
Participants
Twelve healthy right-handed participants (males: nine and
females: three; age: 18–32 years) participated in this study.
Written informed consent was obtained from all partici-
pants. All participants were naive to the purpose of this
study. This study was approved by the local ethics
committee.

Materials and design
We produced 100 human postures by combining left/right
shoulder orientations (0, 45, 90, 135, and 1801) defined by
clockwise or counterclockwise rotations from the upright

position in the vertical plane and left/right elbow orienta-
tions (0 and 901) defined by clockwise or counterclockwise
rotations from the upside-down position. We then excluded
the following postures: 19 postures in which the limbs were
twisted in a biomechanically impossible manner, 9 postures
had line symmetry with respect to the median line, and
4 postures had point symmetry because of their high
discriminability. We finally used 68 basic postures. These
postures were designed using a 3-dimensional computer
graphics software (Shade R5; e-frontier Inc., Tokyo, Japan).
The postures were displayed on a 17-inch monitor located at
a distance of approximately 50 cm. All postures fitted within
the area of 8.5 cm by 7 cm on the monitor. Figure 1 illustrates
examples of the stimuli used in this study.

The number of joints functioning during the changes in
the neighboring postures was calculated for any combina-
tion of 2 postures from 68 basic postures. The minimum
number was one, whereas the maximum number was four.
We obtained 720 combinations of one joint and 1024 of four
joints. The target lists were varied in terms of the number of
postures presented – ranging from 2 to 5 postures that were
selected from the 720 combinations of one joint. None of the
postures in a target list were used twice in the same target
list. The target lists that consisted of the combinations of
four joints were prepared in the same manner as those that
consisted of the combinations of one joint. We designated
the joint conditions for one joint and four joints as 1-step and
4-step conditions, respectively. We used a two-way within-
participants design. The first variable was the number of
postures, that is, 1, 2, 3, 4, and 5 postures, and the second
variable was the number of steps, that is, 1 and 4 steps.

Procedure
The participants were tested individually. They were seated
comfortably and asked to observe sequentially presented
postures and recognize whether a test posture was
presented in the target list. One experimental trial consisted
of three experimental phases, that is, study phase, test
phase, and confidence judgment phase.

In the study phase, each trial was begun by presenting 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 posture. The first target posture was presented for 1 s.
A blank screen was displayed for 1 s, followed by the second
target posture presented for the same duration as the first.
Thus, both the stimulus duration and the stimulus onset
asynchrony were 1 s. The fixation point and the target
postures were displayed on the left side of the screen.

1

1 -step

4 -step

2 3 4 5

Order

Fig.1 Examples of stimuli used in the1-step condition (top row) and the 4-step condition (bottom row).
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The participants were instructed to observe sequentially
presented postures and memorize them.

In the test phase, the fixation point was displayed for 1 s,
followed by a blank interval of 1 s. Next, a test posture was
presented until the participants responded. The fixation
point and test posture were displayed on the right side
of the screen. The task of the participants was to make a
recognition judgment (yes or no) for the test posture. They
were asked to press the ‘Y’ key when the test posture was
presented in the study phase and to press the ‘N’ key when
it was not presented. They were encouraged to respond as
quickly and accurately as possible. Participants were not
given feedback on whether their response was correct.

In the confidence judgment phase, the participants were
asked to rate the degree of their confidence in recognizing
the answer being correct on a 4-point scale. After respond-
ing, participants were given an intertrial interval of 10 s.

Before participating in the experimental trials, each
participant completed a block of two practice trials. In the
practice trials, the participants were asked to perform
recognition after the presentation of numbers instead of
postures. The experimental session consisted of five blocks.
Each number of postures was run in a separate block. The
five experimental blocks were fixed in an ascending order
of the number of postures (from 1 to 5 postures) across
participants. To use the target postures presented in each
serial position as the recognition clues (i.e. test postures), the
number of experimental trials varied in terms of the number
of postures. The first and second experimental blocks
consisted of eight trials in each block. Further, the third
block consisted of 12 trials, the fourth block consisted of 16
trials, and the final block consisted of 20 trials. The order of
the 1-step and 4-step conditions was counterbalanced across
participants. In each step condition, half of the trials were
assigned to the positive set in which positive response was
required and the other half was assigned to the negative set
in which negative response was required. The positive/
negative set was randomized within each step condition
across participants. Each experimental block was alternated
with 2 min rest period. The experimental session lasted for
approximately 30 min.

Near-infrared spectroscopy data acquisition
A 24-channel NIRS unit operated at 780 and 830 nm
wavelengths (ETG-100; Hitachi Medical Co., Tokyo, Japan)
was used to measure the temporal changes in oxygenated
hemoglobin (oxy-Hb), deoxygenated hemoglobin, and total
hemoglobin concentrations. Nine optodes were placed on
the left temporal and occipital regions in a lattice pattern
to form 12 channels for each region (6� 6 cm2). The middle
optode in the lowest line on the left side was located on the
nearby T3 position (according to the international 10–20
system for electroencephalogram recording). The center
column of the optodes on the occipital region was adjusted
to align with the inion (Fig. 2). Each channel consisted of one
emitter optode and one detector optode located at a distance
of 3 cm from the emitter optode. The sampling rate at each
channel was 100 ms.

We focused on the oxy-Hb concentration changes during
the recognition task because oxy-Hb is the most sensitive
parameter of regional cerebral blood flow [13,17]. The
average oxy-Hb concentration change for each channel
was obtained for the measurement periods. These periods

varied in terms of the number of postures (1–5) presented in
the study phase (1 posture condition, 10 periods; 2, 11
periods; 3, 12 periods; 4, 13 periods; and 5, 14 periods). For
example, the periods in the 5-posture condition consisted
of the pretask (2 s), first fixation (2 s), target presentation
(divided into 5 periods; 5� 2 s¼10 s), second fixation (2 s),
test presentation (approximately 1 s), confidence judgment
(approximately 3 s), and posttask (divided into four periods;
4� 2 s¼8 s). Thus, the pretask (2 s) and posttask (8 s) periods
comprised the intertrial interval (10 s).

The raw data from the NIRS were converted to z-scores
for the analysis [18,19]. The raw data of oxy-Hb in response
to the recognition task in each trial and on each channel
were converted into z-scores. The z-scores were calculated
using the mean value and the standard deviation of oxy-Hb
changes during the pretask period. The z-scores were
averaged over trials. Thus, we finally obtained group-
averaged z-scores for each condition.

Results
The experimental trials associated with incorrect responses
(i.e. miss or false alarm) were excluded from further
analysis. In addition, the correct responses (i.e. hit or correct
rejection) in the 1-posture condition were also excluded
from further analysis because the 1-posture condition did
not include the 1-step and 4-step conditions. The overall
average hit rate (80%) and correct rejection rate (85%) were
higher than the 50% chance level.

We focused on the average values of the z-scores for oxy-
Hb concentration changes during the study phase, that is,
from the first fixation period to the second fixation period
before the participants were presented with a test posture.
To compare the brain activity corresponding to the step
number, we conducted a 2-way repeated-measures analysis
of variance [2 (1-step and 4-step)� 4 to 7 (measurement
periods)] of the z-scores in each posture condition and on
each channel. We focused on the channels that showed a
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Fig. 2 Location of the optodes placed on the left temporal and occipital
regions.The distancebetween each emitter and the corresponding detec-
tor was set at 3 cm.T3 was located in the region between channels11and
12 on the left temporal region.The center column of the optodes on the
occipital regionwas adjusted to alignwith the inion.
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significant interaction between the step condition and the
period because we presumed that the cortical hemodynamic
responses during the study phase would be modulated by
the number of steps.

In the left temporal region, we found significant inter-
actions between the step condition and period in channels
7, 10, and 12 under the 2-posture condition [F(3,33)¼3.61,
Po0.05; F(3,33)¼5.69, Po0.01; F(3,33)¼3.08, Po0.05, res-
pectively] and in channels 6, 8, and 12 under the 5-posture
condition [F(6,66)¼3.86, Po0.01; F(6,66)¼9.61, Po0.01;
F(6,66)¼3.79, Po0.01, respectively]. In contrast, there were
no significant interactions in the occipital region. Post-hoc
comparisons revealed that these interactions were because
of the large responses under the 4-step condition as com-
pared with those under the 1-step condition during the
target-presentation period. These results suggest that the
brain activity in the left temporal region is modulated
by the number of joints functioning during the changes in
the neighboring postures.

Discussion
In this study, we found that higher activation occurs in the
left frontal region (channels 6 and 8) during the observation
of postures in the 4-step condition than in the 1-step
condition. Figure 3 shows the average time courses of the
changes in the oxy-Hb concentrations in channels 6 and 8.
On the basis of the 3-dimensional probabilistic anatomical
craniocerebral correlation [20], T3 was projected onto the
middle temporal gyrus. We presumed that the left channels
6 and 8 roughly cover the lower part of the precentral gyrus.
The above results suggest that the left inferior frontal cortex
(the area related to the action plans, i.e. the premotor area) is
activated during the observation of sequentially presented
meaningless postures. On account of the relatively low
spatial resolution of the NIRS measurement, we could not
determine precisely whether the lower part of the precentral
gyrus is the only region involved in binding of neighboring
meaningless postures. The involvement of the precentral
gyrus, however, implies that this premotor area is related to
binding of neighboring meaningless postures. Considering
that the premotor area is involved, a plausible interpretation
is that the mirror neuron system [1,2] is related to binding
that integrates static human postures and achieves the
perception of a continuous body movement.

Earlier studies have suggested that the mirror neuron
system could provide the neural basis for the understanding
and imitation of action or movement performed by others
[1,2]. Further, Tanaka et al. found that the mirror neuron
system is involved in the imitation included in the detailed
analysis of static postures and manipulation of the motor
image [10,11]. On the basis of the data obtained in our study,
however, we predict that the mirror neuron system is
activated during the observation of sequentially presented
static postures even when the observers are not asked to
move their own limbs for imitation. Thus, it seems that the
mirror neuron system is involved in forming static postures
into motor representation when observers recognize the
possibility of human movement during the observation of
a few elements (i.e. static postures).

In this study, we also found the significant activation in
the left temporal region (channels 7, 10, and 12) during the
observation of sequentially presented meaningless postures
in the 4-step condition as compared with those in the 1-step

condition. On the basis of the 3-dimensional probabilistic
anatomical craniocerebral correlation [20], we presumed
that the left channels 7, 10, and 12 roughly cover the
superior temporal sulcus (STS) region. These results suggest
that the STS might also be related to binding of neighboring
postures. Future studies are required for investigating the
functional relationship between the STS and the inferior
frontal cortex for binding.

Conclusion
This study has demonstrated that the activity in the left
frontal cortex is modulated by the number of joints
functioning during the changes in the neighboring postures.
We conclude that the area related to action plans (adjacent to
the lower part of the precentral gyrus, i.e. the premotor area)
may be activated by the observation of meaningless
postures without the observers having moved their limbs.
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