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Abstract. In this study, designed to clarify the relationship between utterance
rhythm and body movement in a greeting, two experiments were conducted to
examine the greeting between persons of equal social standing and that between
persons of different social standings. In both experiments, high synchronization
between speakers was observed. In the analysis of the relationship between
durations in subjects, synchronization was found between utterance rhythm and
body movement for the greetings between social equals. However, for the
greetings between persons of different social standings, there was little syn-
chronization between utterance rhythm and body movement in subjects. These
results are used to discuss the mechanism of the greeting, the starting point for
communication.
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1 Introduction

Communication robots have, to date, been treated primarily as entertainment systems.
However, recently they have been receiving more attention in the fields of medicine
and nursing care. One reason is that in the near future, Japan will be suffering the
effects of its decreasing birthrate and aging population, and it is expected that robots of
this kind may replace caregivers in some situations.

The communication robot of today has its own body and can move some of its
joints. When developing the movement that is to accompany an utterance by a robot,
the engineer designs it at his discretion, using the limited robot mechanisms available.
As a result, the robot sometimes generates an unnatural movement, giving the user a
feeling different from that created by actual human communication. In the future, this
kind of robot will be used increasingly by the general public and by elderly users.
Therefore, it is necessary to analyze in detail the relationship between utterances and
their associated body movements in human communication and to systematize the
results in order to attain more natural communication between users and robots.

Previous studies of utterance and body movement in human communication have
focused on the synchronization of various communication elements. For example,
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Studies by Nagaoka and Komori have shown that in psychological counseling, the
synchronization between body movements of counselor and client is closely related to
the quality of the counseling [1]. Shintoku and Watanabe and Watanabe et al. have
analyzed the synchronization between nodding and sound pressure changes of utter-
ances and implemented the relationship into artificial communication systems [2, 3].
Yamamoto and Watanabe have analyzed the utterances and body movements of
greetings and implemented the result into a communication robot; they found that a
latency of 300 ms for an utterance after a body movement creates a natural impression,
while longer latencies convey a polite impression to a user [4, 5].

In addition, our own research group has analyzed the synchronization of utterance
rhythms in human dialogue. In this research, the relationship between explicit speed
changes and temporal features of utterances was analyzed. The results showed a
positive correlation between duration of instruction utterance and that of switching
pause when the change in utterance speed was noticeably large [6]. Moreover, we have
introduced these results into a communication robot and have evaluated the timing of
utterance and body movement to optimize it from a user’s perspective [7].

Besides this research into the relationship between utterances and body movements,
artificial dialogue systems that are able to understand spoken words and respond in real
time have recently been developed. In this context, we have developed a simple dia-
logue system and evaluated the proper response timing for such a system. Our findings
show that a pause of duration 600 ms, or a pause duration synchronized to the utterance
duration, is favorable [8].

In summary, the relationship between utterances and body movements in human
communication has been analyzed, and dialogue systems that can understand spoken
words and control response timing in real time have been developed. Given these
advancements, a communication robot that is able to recognize spoken words at a deep
level and to generate proper utterances and body movements in real time is likely to be
developed in the near future. To accomplish the development of such a robot, the
relationship between speakers’ utterances and body movements needs to be clarified in
detail. However, at present, even the most basic communication form, the greeting, has
not been thoroughly studied.

In this study, therefore, we analyze the relationship between utterance rhythms and
body movements in a greeting. In particular, we conduct an experiment in which a
greeting between two persons of equal social standing is observed and their utterance
rhythms and body movements are analyzed; then we do the same for a greeting
between two persons of different social standings.

2 Method

2.1 Experiment 1: Greeting Between Two Persons of Equal
Social Standing

Our first experiment (Experiment 1) was designed to study the greeting between two
persons of equal social standing to analyze the relationship between their utterance
rhythms and body movements. In this experiment, two persons say “Konnichiwa”
(in English, “Hello”) to each other, with the same body movements, as a greeting.
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In the experiment, an experimenter acted as the first speaker, and subjects were
asked to respond to this speaker’s initial greeting. Moreover, the experimenter changed
his greeting speed to be “fast,” “natural,” or “slow,” and three types of greeting actions
were performed, having different movement sizes (Fig. 1).

2.2 Experiment 2: Greeting Between Two Persons of Different
Social Standings

In Experiment 1, we focused on greetings between two persons of equal social
standing. However, in a typical greeting (especially in Japan), one speaker makes a
formal greeting and the other speaker makes a casual greeting, such as raising a hand,
when there is a difference of social position between them. In Experiment 2, we focus
on this type of greeting to analyze the relationship between utterance rhythms and body
movements.

In this experiment, two persons were designated as a senior person and a junior
person, and they performed a greeting. Two greetings were prepared for carrying out a
natural greeting procedure: “Konnichiwa” and “Otsukaresama” (used for “Goodbye” in
Japanese business settings). For the greeting actions, raising a hand was used by the
senior person and deep bowing was used by the junior person. In the experiment, an
experimenter played the senior part and acted as the first speaker, and subjects were
asked to respond to this senior person’s greeting as a junior person (Fig. 2). The
experimenter changed his greeting speed to be “fast,” “natural,” or “slow” and varied
the size of his greeting action between “large” and “small”.

(a) Deep bowing (b) Bowing (c) Raising a hand

Fig. 1. The three types of greeting in Experiment 1

Fig. 2. A greeting in Experiment 2
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Experiments 1 and 2 were conducted as follows: An experimenter and a subject
stood face to face 1.5 m apart, and the experimenter explained the outline of the
experiment. Then, the subject practiced each greeting action at “natural” speed. After
this practice run, the experimental trials began. Each trial was composed of three
greeting speeds and two or three greeting actions. Experiment 1 had five trials per
subject and Experiment 2 had three trials per subject. In Experiment 1, 10 subjects
(mean age: 22.4) who knew the experimenter participated. In Experiment 2, another 10
subjects (mean age: 22.1) who were junior to the experimenter participated (i.e., there
was a genuine difference in social level between the subjects and the experimenter).

2.3 Data Capture and Analysis

Audio data of the experimenter and subjects were recorded using headsets (Audio
Technica PRO&HEW/P) and a video camera (Canon iVIS HF S21). Body movement
was recorded using a motion capture system (OptiTrack Flex 3 with six cameras). The
sampling rate of capture was 100 Hz, and markers were attached at main joints of the
upper half of the body.

Figure 3 shows the durations used for analysis. Duration of precedence utterance
(PU), duration of switching pause of utterance (SPU), and duration of response
utterance (RU) were used for analyzing utterance rhythm. For analyzing body move-
ment, duration of precedence motion (PM), duration of response motion (RM), and
duration of switching pause of motion (SPM) were used. The duration of a body
motion is the length of time from the start time of a head or hand movement to its stop
time.

An analysis of the correlations between these durations was conducted. After that, a
Kruskal–Wallis test was conducted on the mean values of the correlation coefficients.
For Experiment 1, multiple comparisons were applied to the results as needed, using
the Steel–Dwass method. For Experiment 2, ANOVA (2 levels and 2 factors) was
applied to the mean values of the correlation coefficients.

Fig. 3. Durations for analysis
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3 Results of Experiment 1

3.1 Means and SDs of Durations of Greeting Components

Figure 4 shows the means and standard deviations (SDs) of the durations of the six
components for the three different greeting actions. These are calculated from 50 data
points [1 speed (“natural”) × 5 trials × 10 subjects] for each of the three greeting
actions.

It is confirmed that durations of the body movement components (PM, RM, and
SPM) become longer from “raising a hand” through “bowing” to “deep bowing”. For
all three actions, the utterance is “Konnichiwa,” but durations of the utterance,
including the pause durations, generally become greater from “raising a hand” through
“bowing” to “deep bowing”. These results indicate that the longer the durations of the
body movement become, the longer the durations of the utterance likewise become.

3.2 Relationship Between Durations in Experimenter

Figure 5 shows the means and SDs of PU and PM performed by the experimenter for
each of the three greeting actions at each of three speeds. These are calculated from 50
data points (5 trials × 10 subjects) for each greeting action. It is confirmed that each
duration becomes longer from “fast” through “natural” to “slow” and that there is a
strong correlation between PU and PM.

Fig. 4. Means and SDs of durations of greeting components

Fig. 5. Means and SDs of durations of the experimenter
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In this experiment, the experimenter changed his greeting speed from “fast”
through “natural” to “slow,” but he did not separately change his utterance or body
movement speed. As a result, his utterance and body movement durations strongly
correlated. With these results in mind, in the following subsection we go on to explore
the relationship between the durations of the utterance and motion performed by the
experimenter and the other durations.

3.3 Relationship Between Durations Across Speakers in Greeter Pairs

Table 1 shows the means (across all 10 greeter pairs) of the correlation coefficients
between PU or PM on the one hand and RU, RM, SPU, and SPM, respectively, on the
other hand, for each of the three greeting actions. The 24 correlation coefficients for
each greeter pair were first calculated, each using 15 data points (3 speeds × 5 trials),
and then the mean of each correlation coefficient was taken across the 10 greeter pairs;
these means are the values shown in the table. Colored cells indicate absolute values
greater than or equal to 0.4.

As Table 1 shows, there is a high positive correlation between PU and each of RU,
RM, and SPM for every greeting action. Moreover, there is a high positive correlation
between PM and each of RU, RM, and SPM for every greeting action. In Subsect. 3.2,
it was noted that there was a strong correlation observed between the utterance rhythm
and the body movement of an experimenter. Therefore, it is likely that the results for
PU and PM show the same tendency. On the other hand, the results of the correlation
analysis indicate that a high degree of synchronization between greeters exists for all
three greeting actions.

3.4 Relationship Between Durations in Subjects

Table 2 shows the means (across all 10 subjects) of the pairwise correlation coefficients
between RU, RM, SPU, and SPM for each of the three greeting actions. The 18
correlation coefficients were first calculated, each using 15 data points (3 speeds × 5
trials), and then the mean of each correlation coefficient was taken across the 10
subjects; these means are the values shown in the table. Colored cells indicate absolute
values greater than or equal to 0.4.

Table 1. Mean correlation coefficients between experimenter durations and other durations

Deep Raising
bowing Bowing a hand

PU RU 0.77 0.84 0.85
RM 0.53 0.66 0.74
SPU -0.11 -0.16 -0.10
SPM 0.60 0.64 0.78

PM RU 0.78 0.64 0.78
RM 0.56 0.55 0.68
SPU -0.03 -0.11 -0.09
SPM 0.57 0.61 0.75
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As Table 2 shows, there is a positive correlation between RU and RM for every
greeting action. Within these results, the value for “raising a hand” is the highest of all
greeting actions, and the difference between the mean for “raising a hand” and that for
“deep bowing” is marginally significant (p < .10). These results indicate that there is
synchronization between utterance and body movement duration in subjects and that its
degree is especially strong in “raising a hand”.

We also observe that there is a positive correlation between RU and SPM for every
greeting action. Within these results, the difference between the mean for “raising a
hand” and that for “deep bowing” is also marginally significant (p < .10). These results
indicate that the longer subjects wait to respond, the longer they speak, and that this
correlation is especially strong in “raising a hand”.

4 Results of Experiment 2

4.1 Means and SDs of Durations of Greeting Components

Figures 6 and 7 show the means and SDs of the durations of the six components for the
two greeting actions. Figure 6 shows the results for “Konnichiwa,” and Fig. 7 shows
those for “Otsukaresama”. These are calculated from 30 data points [1 speed (“natu-
ral”) × 3 trials × 10 subjects] for each of the two greeting actions.

It is confirmed from the figures that durations of body movement for the “large”
condition are longer than those for the “small” condition. In addition, durations of

Table 2. Mean correlation coefficients between durations in subjects

Deep Raising
bowing Bowing a hand

RU RM 0.54 0.66 0.74
SPU -0.13 -0.12 -0.04
SPM 0.47 0.54 0.75

RM SPU -0.10 -0.01 0.07
SPM 0.18 0.32 0.59

SPU SPM 0.40 0.28 0.25

Fig. 6. Means and SDs of durations for “Konnichiwa”
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utterance, including the pause duration, for the “large” condition are generally longer
than those for the “small” condition. These results indicate that as in Experiment 1, the
longer the durations of the body movement become, the longer the durations of the
utterance likewise become.

4.2 Relationship Between Durations in Experimenter

Figures 8 and 9 show the means and SDs of PU and PM performed by the experimenter
for each of the two greeting actions at each of three speeds. Figure 8 shows the results

Fig. 7. Means and SDs of durations for “Otsukaresama”

Fig. 8. Means and SDs of durations of the experimenter for “Konnichiwa”

Fig. 9. Means and SDs of durations of the experimenter for “Otsukaresama”
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for “Konnichiwa,” and Fig. 9 shows those for “Otsukaresama.” These are calculated
from 30 data points (3 trials × 10 subjects) for each greeting action.

It is confirmed that each duration becomes longer from “fast” through “natural” to
“slow” and that there is a strong correlation between PU and PM. As in Experiment 1,
in this experiment the experimenter changed his greeting speed from “fast” through
“natural” to “slow,” but he did not separately change his utterance or body movement
speed. As a result, his utterance and body movement durations strongly correlated.
With these results in mind, in the following subsection we go on to explore the
relationship between the durations of the utterance and motion performed by the
experimenter and the other durations.

4.3 Relationship Between Durations Across Speakers in Greeter Pairs

Tables 3 and 4 show the means (across all greeter pairs) of correlation coefficients
between PU or PM on the one hand and RU, RM, SPU, and SPM, respectively, on the
other hand, for each of the two greeting actions. Table 3 shows the results for

Table 3. Mean correlation coefficients between experimenter durations and other durations for
“Konnichiwa”

Small Large
motion motion

PU RU 0.60 0.64
RM 0.49 0.49
SPU -0.33 -0.47
SPM 0.68 0.72

PM RU 0.52 0.60
RM 0.40 0.49
SPU -0.12 -0.33
SPM 0.70 0.67

Table 4. Mean correlation coefficients between experimenter durations and other durations for
“Otsukaresama”

Small Large
motion motion

PU RU 0.55 0.56
RM 0.41 0.42
SPU -0.38 -0.50
SPM 0.68 0.67

PM RU 0.52 0.55
RM 0.36 0.42
SPU -0.34 -0.33
SPM 0.59 0.66
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“Konnichiwa,” and Table 4 shows those for “Otsukaresama”. The correlation coeffi-
cients for each greeter pair were first calculated, each using 9 data points (3 speeds × 3
trials), and then the mean of each correlation coefficient was taken across the 10 greeter
pairs; these means are the values shown in the tables. Colored cells indicate absolute
values greater than or equal to 0.4.

As Tables 3 And 4 show, there are positive correlations between PU and each of
RU, RM, and SPM for both greeting actions. Moreover, there are positive correlations
between PM and each of RU and SPM for both greeting actions. These results indicate
that as in Experiment 1, synchronization between greeters often exists for both greeting
actions and utterance contents.

4.4 Relationship Between Durations in Subjects

Tables 5 and 6 show the means of the pairwise correlation coefficients between RU,
RM, SPU, and SPM for both greeting actions. Table 5 shows the results for “Kon-
nichiwa,” and Table 6 shows those for “Otsukaresama”. The correlation coefficients
were first calculated, each using 9 data points (3 speeds × 3 trials), and then the mean of
each correlation coefficient was taken across the 10 subjects; these means are the values
shown in the table. Colored cells indicate absolute values greater than or equal to 0.4.

Compared with the correlations between speakers, here there are no significant
correlations between durations other than those for RU–SPM in the “small” condition
and RM–SPM in the “large” condition. In this experiment, the experimenter raised a

Table 5. Mean correlation coefficients between durations in subjects for “Konnichiwa”

Small Large
motion motion

RU RM 0.35 0.46
SPU -0.06 -0.29
SPM 0.38 0.43

RM SPU -0.08 -0.15
SPM 0.31 0.21

SPU SPM -0.18 0.06

Table 6. Mean correlation coefficients between durations in subjects for “Otsukaresama”

Small Large
motion motion

RU RM 0.22 0.31
SPU -0.11 -0.32
SPM 0.40 0.33

RM SPU 0.02 -0.15
SPM 0.02 0.45

SPU SPM 0.01 -0.13
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hand and subjects bowed as a greeting action. In such a situation, the correlation
between speakers may weaken the synchronization between utterance and body
movement duration in subjects, in contrast with the findings of Experiment 1.

5 Discussion

In this study, to clarify the relationship between utterance rhythm and body movement
in a greeting, an experiment to study the greeting between two persons of equal social
standing was conducted; a second experiment was conducted to study the greeting
between two persons of different social standings. In the results for both experiments,
high synchronization between speakers was observed for every greeting action. In the
analysis of the relationship between durations in subjects, synchronization was found
between utterance rhythm and body movement for the greetings between social equals.
However, for the greetings between persons of different social standings, there was
little synchronization between utterance rhythm and body movement in subjects.

The results of the two experiments show high synchronization between speakers.
These results indicate that the greeting is a highly synchronous communication phe-
nomenon. Given these results as background, we can conjecture that humans may
synchronize various temporal elements unconsciously during a greeting, which is the
starting point for communication. By means of this synchronization, communication
following the greeting is smoothed and may thereby lead to greater agreement between
speakers.

In the analysis of the relationship between durations in subjects, when speakers’
social position and greeting action was the same, synchronization was observed
between utterance rhythm and body movement. On the other hand, when speakers’
social positions and greeting actions were different, the synchronization between them
became weak. Given these results as background, we can make a conjecture about the
mechanism at work in the speakers. In the first experiment (between persons having the
same social position), both speakers performed the same greeting action. In this situ-
ation, synchronization between utterance rhythm and body movement of the experi-
menter was high, and synchronization between speakers was also high. As a result,
synchronization between utterance rhythm and body movement in subjects was like-
wise high. On the other hand, in the greetings between persons of different social
standings, although speakers synchronized their mutual durations about greeting, the
body movements differed from each other. As a result, in the subjects, the cooperation
between utterance and body movement was broken, and synchronization between
utterance rhythm and body movement thus became weak. In other words, if there is a
difference of social position between speakers, the junior person may sometimes
synchronize to the senior person’s greeting action by breaking his or her own syn-
chronization. By this act, the junior person pays respect to the senior person.

It is believed that this kind of detailed analysis of utterance and body movement
will lead to clarification of the complex mechanisms of communication. After that, it
will be possible to achieve natural communication between humans and robots. In this
study designed to clarify the relationship between utterance rhythm and body move-
ment in greetings, two types of experiments were conducted. In future research, various
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communication forms that include a range of social factors will be analyzed, and the
results will be systematized for the development of user-friendly communication
robots.

6 Conclusions

In this study, designed to clarify the relationship between speakers’ utterance rhythms
and body movements in a greeting, experiments were conducted to study greetings
between two persons of equal social standing and between two persons of different
social standings. In both experiments, high synchronization between speakers was
observed for every greeting action. Synchronization was found between utterance
rhythm and body movement in subjects when greeting a person of equal social standing
but not when greeting a person of higher social standing.

In future research, various communication forms that include a range of social
factors (age, gender, and other social positions) will be analyzed, and the mechanisms
of communication will thereby be more clearly established.
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