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Abstract: In social interactions, humanmovement is a rich
source of information for all thosewho take part in the col-
laboration. In fact, a variety of intuitivemessages are com-
municated through motion and continuously inform the
partners about the future unfolding of the actions. A simi-
lar exchange of implicit information could support move-
ment coordination in the context of Human-Robot Inter-
action. In this work, we investigate how implicit signaling
in an interaction with a humanoid robot can lead to emer-
gent coordination in the form of automatic speed adapta-
tion. In particular, we assess whether different cultures –
specifically Japanese and Italian – have a different impact
onmotor resonance and synchronization in HRI. Japanese
people show a higher general acceptance toward robots
when compared with Western cultures. Since acceptance,
or better affiliation, is tightly connected to imitation and
mimicry, we hypothesize a higher degree of speed imita-
tion for Japanese participants when compared to Italians.
In the experimental studies undertaken both in Japan and
Italy, we observe that cultural differences do not impact on
the natural predisposition of subjects to adapt to the robot.
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1 Introduction
The commercialization of social robots is spreading fast.
Some good examples of this trend are NAO [1] and Pep-
per [2] that can welcome and play with visitors in muse-
ums [3] or give directions in shopping malls [4]. Since so-
cial robots are designed to interact with people, they must
be skilled in the different aspects of communication. One
crucial element is the selection of behaviors that maxi-
mize intuitive understanding and acceptance in the hu-
man partners [5]. In this respect, one feature to which hu-
mans are particularly sensitive to is motion: a lot of in-
formation is transmitted with our “way of moving” [6].
In particular, motion is a key feature when we have to
adapt to each other. For example we unconsciously adapt
to the speed of our partner when walking together. Robots
should be able to exploit the same mechanism [7] and re-
cent evidences show that human-inspiredmovements per-
formed by humanoid robots are effective in facilitating in-
tuitive temporal coordination in HRI contexts [8].

However, it is important to take into account that the
specific needs of the final users might vary as a function
of the environment in which the robot will operate, po-
tentially due to the cultural differences between the coun-
tries where it will be deployed. One example is body lan-
guage, where very clear differences exist between Eastern
and Western cultures. For instance, Italians tend to use
many different gestures, especially while talking, whereas
Japanese have a very specific set of rules for body move-
ments in social interactions [9], such as bows. Even con-
sidering more implicit signals which are not subjected to
direct voluntary control as eye movements [10] substan-
tial differences exist [11], such as how often direct eye
contact is established during a social exchange [12]. The
same robot movement might be very effective in interac-
tion within a certain cultural context and highly disrup-
tive in a different one. In this work, we want to assess the
relative impact of Eastern and Western cultures, namely
Japanese and Italian, on movement-based implicit com-
munication, and in particular emergent temporal coordi-
nation through automatic imitation [13].
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1.1 Cultural differences and robots

Cultural differences have been studied in many aspects in
the field of social robotics [14–16]. In 2004 Kaplan [17] an-
alyzed the problem of understanding the possible cultural
issues involved in the acceptance of humanoid robots.
Differences in the perception of robots between the east-
ern and western parts of the world, in particular between
Japan and theWest, are affected by literature, philosophy,
and history among many other factors. Kaplan, in his pre-
liminary conclusion about this topic, affirms that in the
West there is a continuous debate on what does or does
not distinguish humans frommachines and that the “pos-
sible convergence of humans and machines is both fasci-
nating and frightening”. On the other hand, in Japan, even
though technology is strongly present in daily life, “a dis-
tance is always maintained between the human body and
technological prosthesis” [17]. This is probably the reason
why robots, and more in general technological artifacts,
usually do not cause suspicion or uneasiness. These cul-
tural differences in robot perception have clear implica-
tions in various fields of application of robotic platforms
like teaching, entertainment, security [15].

1.2 Motion in human-human and
human-robot cooperation

During a cooperative joint task between two humans, both
the actors tend to adapt their speed to each other in or-
der to reach the best balance and to efficiently achieve
the shared goal. These behavioral phenomena have been
deeply investigated and are known as “emergent coor-
dination” [18]. In particular, humans are exceptionally
skilled when it comes to perform a joint action without the
need for verbal interaction. The reason is that perception
and action are very tightly linked. The so-called “mirror-
neuron system” is involved in perception, understanding
and anticipation of others and, at the same time, in the
execution of actions [19, 20]. The neural areas elicited dur-
ing the execution of a goal-oriented motion in the human,
are also activated when observing someone else perform-
ing an action with the same goal. This phenomenon is
known as “motor resonance” and appears already in the
early stages of human infancy [21, 22]. It has important
implications in facilitating interaction, for instance natu-
rally leading two partners to move at the same pace [23]
or even promoting synchronized improvisation between
expert musicians and actors [24]. Motor resonance in the
form of automatic imitation (or the “tendency to reproduce
observed actions involuntarily”) is not limited to human-

human interaction, but is also triggered when interacting
with an agent that moves in a biological fashion, match-
ing our subconscious expectations [25]. This leads for in-
stance the human partner to automatically adapt to the
robot speed [13] or to change the movement style to match
that of the robot [26]. This implies that interactions with
robots – in particular humanoids – can leverage on simi-
lar mechanisms of motor resonance as in human-human
collaborations [27].

1.3 Motor resonance and culture

In this paper, we assess whether low-level mechanisms,
which support interaction – as motor resonance in the
form of automatic imitation – are influenced by cultural
differences. Indeed, converging evidence shows that top
down modulation of the activation of the neural sub-
strates possibly supports emergent coordination.Amoruso
et al. [28, 29] have for instance demonstrated that mo-
tor resonance is not an entirely automatic process, but
it can be modulated by high-level contextual representa-
tions. Also social aspects might affect motor resonance.
Recent neuroimaging studies show that mirror system ac-
tivation is modulated by social group membership, with
higher activation during action observation when the ac-
tion is performed by an in-group rather than an out-group
member [30, 31]. However, it is not yet knownwhether cul-
tural differences might have an influence on emergent co-
ordination, leading to different patterns of behavior across
countries, also when the joint action is performed with a
partner of the same culture.

1.4 Objective of the study

In this study, we aim at quantifying adaptation in the form
of automatic imitation in a human-humanoid interaction
in Italy and Japan. One participant and the humanoid iCub
robot sat at a table face to face. They had the same task: re-
ceiving a Lego block from an experimenter and dropping
it into the box prepared on the table. To assess the degree
of adaptation we adopted a well-established paradigm for
automatic imitation measures [8]. We set different speeds
for the movement of the robot and assessed whether par-
ticipants automatically imitated the robot velocity while
performing the task. We also compared the rate of adapta-
tion between Italian and Japanese participants. Moreover,
we manipulated the goal of the task in order to investigate
the effect of space sharing during the task in the different
cultures. In one condition the robot and the participant
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had to put the Lego block into one single big shared box, in
another condition the participant and the robot deployed
Lego blocks into two distinct boxes.

If cultural differences impacted emergent coordina-
tion, we would expect to find differences in the degree of
adaptation between the Italian and Japanese population.
Japanese people showed a higher general acceptance to-
ward robots when compared with Western cultures [17].
Since acceptance, or better affiliation, is tightly connected
to imitation and mimicry [32], we hypothesized a higher
degree of speed imitation for the Japanese sample, when
compared to the Italian one.Moreover, given thedifference
in the perception of personal space between the two cul-
tures [33], we also hypothesized a stronger impact of shar-
ing the target space in the “shared box” condition in the
Japanese group, when compared to the Italian one.

2 Methods

2.1 Experimental design

We designed an experiment in which our participants had
to perform a joint task with the humanoid robot iCub [34]
(see Figure 1). Human and robot were sitting face to face
and their goal was to fill a box with Lego blocks. Each trial
startedwhenan experimenter (different in Italy and Japan)
put simultaneously oneblock in theopenhandof the robot
and another in the open hand of the participant. The fol-
lowing blocks were passed only when both had dropped
the previous one into the box, and after they both put their
hand in the initial position. Thanks to this, the robot and
human always started at the same moment. The experi-
menter explained, at the beginning of the experiment, that
the robot and the participant both had the same goal of
filling the big box or the one that was closer to them with
the Lego blocks that he would have provided them. He in-
dicated that they could only get a new block after both
had dropped the previous one. No instructions were pro-
vided regarding the synchronization with the robot. The
robot was preprogrammed to transport the block on its
open palm, drop it into the box, and then immediately go
back to the initial position. Each participant performed 6
sessions of 10 repetitions, i.e. they transported 10 blocks
into the box for each session. During different sessions two
factors were manipulated: Robot Speed, which could be
slow, medium or fast and Box Number, which could be one
– corresponding to a shared target space, or two – corre-
sponding to individual space. The order of conditions was
randomized and unique for every subject.

Figure 1: Setup of the experiment. Blocks are passed by an experi-
menter in the start zone to both the participant and the robot at the
same time. Their goal is to drop these blocks in the box. The picture
is a snapshot of the “one box” condition.

We set as “fast” a speed that we considered reason-
able to complete the task after a few pilot tests, then we
selected the “mid” and “slow” speeds by trying to max-
imize the differences among conditions, without making
the “slow” motion seem unnatural to the participant. The
average speeds in all conditions are reported in Table 1. It
is slightly different between the two countries. The reason
for this discrepancy is that two different iCub robots were
used and the movement speed is influenced by different
factors, out of which some were not under our control, in-
cluding the age of the robot and low-level settings of the
electronics. However the values are comparable between
the two experiments and the relative variation in robot’s
speed between the fast and slow conditions was very sim-
ilar (54% velocity increase vs. 57% velocity increase). The
motions of the robot were inspired by biological human-
like movements, as detailed in the next section.

2.2 Biological movement implementation

The Two-Thirds Power Law [35, 36] is a well-known fea-
ture of human motion, that relates the speed and curva-
ture of an elliptical movement.We designed amodule that
enables the robot to execute curve movements compliant
with this law [37], leveraging on the existing Cartesian con-
troller of the iCub [38]. Given a specific trajectory in 3D
space, the module can convert it to a smooth human-like
movement, which is then executed by the robot through
the original Cartesian controller. Particular care was de-
voted to the generation of biologically plausiblemotion for
the robot since, as it has been previously demonstrated,
suchmotion is crucial in elicitingmotor resonance and au-
tomatic imitation in human-robot interaction [8, 39].
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Table 1: Robot hand speed in the different experimental conditions: average and standard deviation.

Slow speed Mid speed Fast speed
Italy 0.100 ± 0.008 m/s 0.125 ± 0.007 m/s 0.154 ± 0.009 m/s
Japan 0.080 ± 0.008 m/s 0.108 ± 0.004 m/s 0.126 ± 0.006 m/s

2.3 Subjects

The experiment was performed in Italy (17 subjects) and in
Japan (9 subjects).We excluded 3participants (2 from Italy,
1 from Japan) for technical problemswith data acquisition.
Participants in both countries had different working back-
grounds, from university students, to lab technicians or
administrative staff. The local institutional ethics commit-
tees approved the protocol and all subjects gave informed
consent before participating.
– Italy: Mean age 30 years ± 5 SD, 6 males, 9 females, 1

Left handed, 14 right handed.
– Japan: Mean age 29 years ± 9 SD, 3 males, 5 females,

all right-handed.

2.4 Data

For each subject, we acquired video recordings and kine-
matic data using a motion capture system. Videos were
recorded from two different points of view in order tomon-
itor subjects’ behavior in detail. Motion capture data, in-
cluding 3D trajectory and speed of the hand and arm for
each time frame (100 Hz), were gathered using four mark-
ers: three on the hand as shown in Figure 2, and one on
the elbow. The motion capture systems are a VICON Sys-
tem of infrared cameras, capturing at a 100 Hz rate in Italy
and a Motion Analysis MAC3D capturing at a 200 Hz rate
in Japan. Data about themotion of the robot were gathered
in two different ways for the two countries. In Italy, it was
collected with a motion capture system using 4 markers
(one on the elbow) as shown in Figure 2. In Japan data was
collected through the use of “yarpdatadumper”, a module
created to record and save in files different kind of infor-
mation from the robot [40]. We took advantage of this to
record the values of the joints of the robot arm at specific
time instants. We then transformed the joints data into 3-
dimensional trajectories and speedswith the specific tools
supplied by the designers of the robot [41].

Our analysis focused mainly on the speed of the two
agents. From the kinematic data, we extracted the start-
ing and ending moment of each action. We considered the
start as the last minimum of the speed when the hand is in
the initial zone, while the end is the first minimum of the
speed when the hand is in the box zone. Using these two

Figure 2:Motion capture markers. Positioning is different between
subject and robot in order to distinguish them better during the
data analysis phase.

time landmarks, we analyzed the most relevant part of the
action and calculated the average speed for each repeti-
tion.

3 Results
The aim of this paper is the analysis of adaptation to a
humanoid robot in a collaborative joint task when both
agents were tasked to put Lego blocks into a box. In
Figure 3 there is an example of the trajectories of both
the robot (right) and a representative subject (left) in the
“Robot Fast” and “Robot Slow” conditions. The path fol-
lowed by the robot is very precise and only few variations
can be noticed, while the trajectory of the subject is much
more heterogeneous (see Figure 3).

From visual inspection of the participants transport
trajectories in both the Italian and the Japanese sample, it
emerged that during box reaching they were quite similar
across different conditions. During the return to the start-
ing zone, a lot of variability emerged within and between
subjects since they did not receive any instruction regard-
ing this phase, to keep the experiment as natural as pos-
sible. Participants chose either to stop near the box or at a
different position before getting back to the start zone for
the next trial (see blue lines in Figure 3 for an example).

The “reach-the-box” phase is the only part of the
movementwhich presented a constraint: the robot and the
participant started their action at the same moment. We
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Figure 3: Trajectories of one representative subject (left) and the robot (right) during the “Robot Fast” and “Robot Slow” conditions. The
plot refers to an Italian subject but is also representative for the behavior of Japanese participants. X and Y axis are a projection of the 3D
space in the frame of reference of the motion capture system.

consider this as themost interesting part onwhich to focus
our subsequent speed analysis. In the following sections
we first introduce the results extracted from the analysis
of the Italian experiment, then we compare them with the
data acquired in Japan.

3.1 Human-robot interaction in Italy

Figure 4 shows the mean speed of all participants in Italy,
for each of the different conditions. It is clear that, on aver-
age, subjects’ motion was significantly faster than the mo-
tion of the robot (two sample t-tests between subjects’ and
robot velocity in the corresponding "robot speed" condi-
tions, all p’s<0.05). From this chart also a form of adapta-
tion can be noticed: even if subjects were faster than the
robot, their movement speed varied according to the three
different speeds of the robot. Conversely, performing the
task with one shared box or two different ones does not
seem to trigger a different behavior in the subjects. A two-
way repeated measures ANOVA with Greenhouse-Geisser
correction, on subjects’ speed with factor “Robot speed”
(three levels: Slow, Medium, Fast) and factor “Number of
Boxes” (two levels: 1 shared box, 2 separate boxes) fol-
lowed by Tukey post hoc tests shows a significant change
in participants’ movement speed as a function of robot ve-
locity (F(1.95, 27.25)=17.43, p<0.01), in particular between
the “Robot Fast” and “Robot Slow” conditions (post hoc
Tukey test: t(28)=5.79, p<0.01), and between the “Robot
Mid” and “Robot Slow” conditions (post hoc Tukey test:
t(28)=3.6, p<0.05). No significant effect is evidenced as a
function of the number of boxes F(1,14)=0.23, p=0.6).

Figure 4:Mean speed, and standard error (error bars) of the robot
and subjects for all conditions in Italy.

Further evidence of an automatic adaptation to the
robot’s velocity comes from the analysis of individual sub-
jects’ behaviors. The graphs in Figure 5 show that almost
all participants lie above thedashed identity line,meaning
that their speed in the “Robot Fast” and “Robot Mid” con-
ditions was higher than their speed in the “Robot Slow”
condition.

After the analysis of the mean from a general point of
view, we looked for a possible effect of adaptation during
the multiple repetitions. The panels of Figure 6 represent
the mean across all Italian subjects, for each of the ten
actions. We could not distinguish any form of adaptation
with the progression of the repetitions, not even any par-
ticular trend. To statistically verify this observation,we ran
two two-way repeatedmeasures ANOVAwith Greenhouse-
Geisser correction, with factors “Robot Speed” (3 levels)
and “Repetition number” (10 levels) on the “One box” and
“Two boxes” conditions respectively. The analysis showed
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Figure 5: Individual speed of subjects in the “Robot Fast” (left) and ”Robot Mid” conditions (right), in relation to their speed in the “Robot
Slow” condition in the “One Box” sessions. The bigger circles with error bars represent the sample mean and standard error. If a subject
maintained the exact same speed, for example, in the “Robot Fast” and ”Robot Slow” condition, the corresponding marker would be on the
dashed line. Similar results derive from the analysis of the “Two Boxes” condition (Italy).

that in neither case there was a significant effect of the
interaction (F(5.32)=1.17, p=0.33 and F(6.46)=1.04, p=0.41).
Moreover, there was no significant difference among the
repetitions for the “One box” case (F(3.71)=2.16, p=0.91),
whereas in the “Two boxes” case a slight reduction in
speed was observed between the beginning and the end
of the task (F(4.16)=3.9, p<0.01). In particular a post hoc
Tukey test highlighted a significant difference only be-
tween the first and four last trials (all p<0.05).

Figure 6:Mean subjects’ speed for each of the ten repetitions (“One
Box”), with shaded areas representing standard error of the mean.
The dashed lines represent the speeds of the robot, equal across all
the ten repetitions (Italy).

3.2 Japan

As mentioned in the previous sections, one of the fo-
cuses of this work is to compare the behavior of Italian
and Japanese subjects and to investigate whether the au-
tomatic imitation of the robot is affected by cultural dif-
ferences between the two countries. After completing the
analysis of the data gathered in Italy, we performed the
same analysis with the Japanese data.

From the bar chart in Figure 7, we can see that sub-
jects in Japan are always faster than the robot and that they
tend to adapt to the different robot speeds. Concerning the
‘shared space’ condition there seem to be no differences
across the “number of boxes” variable, for all the three
speeds of the robot. These observations are confirmed by
a two-way repeated measures ANOVA with Greenhouse-
Geisser correction, on subjects speed with factors “Robot
speed” and “Number of boxes”, which shows a significant
change in participants’ speed as a function of robot move-
ment velocity (F(1.68, 11.74)=7.74, p<0.01) andno change as
a function of number of boxes (F(1,7)=2.73, p=0.14). Simi-
larly to Italian subjects, there is a significant difference for
Japanese subjects between the “Robot Fast” and “Robot
Slow” conditions (post hoc Tukey test: t(14)=4.99, p<0.01),
and between the “Robot Mid” and “Robot Slow” condi-
tions (post hoc Tukey test: t(14)=4.55, p<0.05).

Figure 8 illustrates another validation of the afore-
mentioned results. Here each marker represents a sin-
gle subject and since the majority of them are above the
dashed identity line, this means that they changed their
speed according to the change of the robot velocity, adapt-
ing to it.
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Figure 7:Mean speed of the robot and subjects in all conditions in
Japan. Error bars represent standard errors.

Finally, as shown in Figure 9 there is no clear effect of
adaptation with the progress of repetitions. Two two-way
repeated measures ANOVA with Greenhouse-Geisser cor-
rection, with “Robot Speed” and “Repetition number” as
factors, did not highlight any significant difference among
repetitions for both the “One-box” (F(2.62)=2.7, p=0.08)
and the “Two-boxes” (F(3.83)=1.39, p=0.26) conditions,
nor any interaction (F(5.05)=1.05, p=0.4 and F(4.42)=1.09,
p=0.38).

3.3 Cross-cultural comparison

From the previous sections, it appears that there is a high
similarity in the behaviors of the participants from Italy
and Japan during the interaction with the robot: both
groups were influenced by robot’s speed, with nomodula-
tion of their behavior due to the presence of a shared box
or two individual target spaces.

To directly compare the level of adaptation between
the two countries, we plotted the individual speeds of all
participants in the “Fast Robot” and “Slow Robot” condi-
tions on the same graph (Figure 10). In the figure, it can
be noticed that, on average, the Italian subjects tend to
be slower than the Japanese, even though the robot speed
was slightly faster in the Italian experiment than in the
Japanese one (see squares in Figure 10 and Table 1). Be-
sides this effect, both the Italians and the Japanese tend
to change their speed similarly, adapting to the changes of
the robot velocity, as shownby the similar relative position
of the average markers with respect to the identity line

To quantify the degree of adaptation, and directly
compare it between the two countries, we computed for
each subject the relative variation of her speed as a func-
tion of the variation in the robot speed across conditions.
To do sowe regressed each participants’ average speeds in

the three robot speed conditions with respect to the corre-
sponding robot’s velocities and extracted the slope of the
resulting line. A number close to one would correspond
to a relative change in subjects’ speed comparable with
that exhibited by the robot across conditions, implying a
high level of adaptation. The stem plots in Figure 11 rep-
resent the computed individual slopes, which are similar
between the two groups. A mixed two-way repeated mea-
sures ANOVAwith Greenhouse-Geisser correction, on sub-
jects slope with “Number of Boxes” as within factor and
“Nationality” as between factor: shows that the adapta-
tionwas not significantly different between the two groups
tested (F(1,21)=0.267, p=0.61), nor was affected by the pres-
ence of a shared target space (F(1,21)=0.005, p=0.94).

3.4 Impact of common start

A possible confounding variable in the experiment was
that by design we established the restriction to start each
repetition together with the robot. Participants might,
therefore, have been induced to slowdownwhen the robot
slowed down, in order to synchronize their arrival to the
start zone with that of iCub. In other words, they might
have planned their actions with the covert aim of coordi-
natingwith the starting action of the robot. If this assump-
tion is correct, we might expect that people who showed
a stronger adaptation to the robot speed (slope closer to
one) were also arriving at the starting zone in synchrony
with the robot. We therefore computed the “mean return
difference” as thedifference in timingbetween the instants
in which the robot and the subject returned their hand to
the starting position to get a new block. A correlation be-
tween high slopes (close to one) and small mean return
difference would mean that they slowed down intention-
ally. The computation of slope andmean return difference
showed no connection between the two measures, as can
be seen in Figure 11. The distribution of the stems, rep-
resenting the adaptation (slope), is not clearly related to
the bars showing the difference in return timing. It seems
therefore unlikely that the common start of repetition tim-
ingduring the trials influenced the adaptation to the robot.

4 Discussion
Since mutual adaptation is a well-known effect of human-
human collaboration, we wanted to investigate whether
we could find a similar reaction when the counterpart is
a humanoid robot and whether it can be influenced by

Unauthenticated
Download Date | 2/26/20 4:35 PM



Cultural differences in speed adaptation in human-robot interaction tasks | 263

Figure 8: Individual speed of subjects in the “Robot Fast” and “Robot Mid” speed condition, in relation to their speed in the “Robot Slow”
speed condition (“One Box”). Same conventions as Figure 5. (Japan)

Figure 9:Mean subject’s speeds for each of the ten repetitions
(“OneBox”), with shaded areas representing error bars. The dashed
lines represent the speeds of the robot, equal across all ten repeti-
tions (Japan).

the cultural context in which the interaction takes place.
Japanese and Italian cultures differ substantially in their
acceptance toward robots. Considering that a strong link
exists between acceptance and other mechanisms such as
imitation [32] we hypothesized a higher degree of speed
adaptation in the Japanese sample, when compared to the
Italian one. Our results highlighted two main behaviors.
The first and most important one is that people changed
their movement speed according to the speed of the robot.
Not only were they faster when the robot was fast, and
slower when the robot was slow, but also their interme-
diate speed was in the middle of the other two. This is in
line with results demonstrating that humans tend to ex-
hibit speedadaptationwhen interactingwith anembodied
robotic partner, [8, 42] showing that the phenomenon gen-
eralizes to simultaneous actions in a semi-shared space.

Figure 10: Individual subjects’ speed in the “Robot Fast” speed
condition, displayed in relation to the corresponding speed in the
“Robot Slow” speed condition (in the “One Box” condition) for both
countries. The bigger circles with error bars represent the mean and
standard error. If a subject had the exact same speed in the two
conditions, the respective marker would be on the dashed line.

Beyond a general difference in average speed between
participants in Italy and Japan, with the Japanese mov-
ing on average faster during the experiment, the degree
of adaptation to robot speed was comparable between the
two groups. According to these results, we found no evi-
dence for a cultural modulation of the degree of adapta-
tion in the task at hand. The second result is that sharing
the target space for an action did not affect the behavior of
the participants, neither for Italians nor for Japanese.

These findings suggest that even though a top-down
modulation of the activation of the neural substrates of
motor resonance has been proven for social group mem-
bership and contextual representations [28-31], the phe-
nomenon of automatic imitation during collaboration is
preserved similarly within the two different cultural envi-
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Figure 11: Stem plots represent the slope corresponding to the amount of adaptation of subjects. These slopes have been computed for the
one-box condition, but those computed for the two-box condition are very similar. Bars represent the “Mean return difference” (MRD), that
is the mean difference in timing between the instants in which the robot and the subject returned their hand to the starting position to get a
new block. A negative value means that the subject arrived first.

ronments tested. This might be due to the high pro-social
value of such low-level mechanism – which could repre-
sent a building block for the establishment of efficient col-
laboration on top of which different cultures develop dif-
ferent social constructs.

It is worth noting that we did not directly assess auto-
matic imitation in human-human interactions but rather
addressed human-robot interaction. Athough there is evi-
dence of a strong similarity in automatic velocity imitation
in these two contexts [8], it is yet possible that a potential
cultural top-down effect would have been present in the
context of a person-to-person interaction, but that does
not generalize to person-to-artificial agent collaborations.
Though we cannot exclude this possibility, we would ex-
pect the opposite phenomenon. Indeed, Japanese and Ital-
ian cultures differ substantially in the way technology and
in particular robots are perceived [17]. Hence, we would
have predicted a larger impact of culture when the interac-
tion involves such novel artificial agents. Future research
will be needed to explore the potential different impact
of culture on basic implicit mechanisms of interaction in
human-human and human-machine settings.

Considering the absence of any difference between the
conditions with one or two boxes, we believe that this
could be due to the fact that, although the single boxwas a
common space, it did not lead to any conflict of resources
use during the execution of the task. Even if the single big
box was shared by the subject and the robot, they could
drop the blocks on their side without having a spatial en-
counter with the other.

The task described has been designed to be an eco-
logical interaction with the iCub, considering that many
previous similar experiments of cooperation involved only
robotic arms or industrial scenarios [43, 44].

4.1 Limitations

Thepresence of a third agentwith the active role of passing
blocks could have influenced the interaction, even though
the experimenterswere trained to release the objects in the
hand of the participant and robot in a stereotypedmanner
which was constant across all conditions. Moreover par-
ticipants witnessed only the release of blocks into their
hands since the experimenter picked up the blocks while
subjects were completing the previous trial looking at the
robot or at the box. For this reason we believe it is unlikely
that the speed of the experimenter had influenced the par-
ticipants. Future experiments will avoid the presence of
another person that could bias the results. Another prob-
lem to discuss is the number of participants. Availability in
Japanwas limited thuswe couldnothave the sameamount
of subjects in the two countries. Overall, testing a higher
amount of people in the future would lead tomore reliable
results and allow a more detailed data analysis, possibly
strengthening our findings and improving the comparison
between the two countries. It is important to note that the
selected taskmightnot be consideredaproper joint action,
such that the two agents overtly collaborate to achieve a
shared goal. However the two have to perform a simul-
taneous action in a quasi-shared space and this entails
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a certain degree of coordination. It could be relevant in
the future to assesswhether amore explicitly collaborative
task could be more affected by cultural difference. Last, in
this experiment we only measured the implicit adaptation
and we did not enquire about the subjective perception of
the participants. Such information could help interpreting
more in depth the behavioral results.

5 Conclusion
Humans are very skilledwhen it comes to cooperating dur-
ing a joint task. A mix of implicit emergent coordination
and explicit signals allows for a good collaboration. The
focus of this studywas to investigatewhether the emergent
adaptation could be triggered during a joint taskwith a hu-
manoid robot in two culturally different countries. From
the analysis of how humans’ speed changed as a function
of robot’s speed, both Italian and Japanese subjects exhib-
ited the same degree of adaptation. This suggests that this
form of coordination, managed by low-level processes in
the brain, is not influenced by cultural background. Fu-
ture works are needed to explore the role of robot behavior
in interactionwith different cultures, with particular refer-
ence to the differential impact of the nature of the agent’s
armmotion (biological inspired or not) and the concurrent
bodily behavior, such as gaze movements.

The implementation of naturalistic social behaviors
such as mutual gaze on a robot can potentially enhance
the quality of the interaction with this robot. When using
such behaviors it is important to take the specificities of
the cultural context in which the robot is used into con-
sideration. The same behavioral pattern that might facili-
tate human-robot interaction in one cultural environment
could have an inhibiting effect in another.
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