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Abstract

In this paper, we propose a model of embodied commu-
nications focusing on body movements. Moreover, we
explore the validity of the model through psychologi-
cal experiments on human-human and human-robot com-
munications involving giving/receiving route directions.

The proposed model emphasizes that, in order to achieve

smooth communications, it is important foredationship

to emerge from a mutually entrained gesture and for a
joint viewpointto be obtained by this relationship. The
experiments investigated the correlations between body

movements and utterance understanding in order to con-

firm the importance of the two points described above.
We use robots so that we can control parameters in ex-

periments and discuss the issues related to the interaction
between humans and artifacts. Results supported the va-

lidity of the proposed model: in the case of human-human
communications, subjects could communicate smoothly
when the relationship emerged from the mutually en-
trained gesture and the joint viewpoint was obtained; in
the case of human-robot communications, subjects could

understand the robot’s utterances under the same condi-

tions but not when the robot's gestures were restricted.

Introduction

In order to investigate the mechanism of the mutu-
ally entrained gestures described above, we conduct ex-
periments on human-robot communications as well as
human-human communications. The reason why we use
a robot is that we can unrestrictedly design experiments
by using a programmable robot’s gestures. Moreover, an
investigation of human-robot communications can con-
tribute to research on the methodology of robot design
and the interaction between humans and artifacts.

The purpose of this paper is to propose a model of
embodied communications that can give an explanation
for the mechanism of communications described above
and, moreover, provide evidence for the validity of the
model through psychological experiments. The main
characteristic of our model is to focus on tredation-
shipemerging from a mutually entrained gesture and the
joint viewpointobtained by the relationship. The exper-
iments concretely investigate the correlations between
body movements and utterance understanding in human-
human and human-robot communications involving giv-
ing/receiving route directions. In such a task, it is hard
for a person and a stranger to communicate with each
other if they do not share the same viewpoint. Here, in
order to obtain a joint viewpoint, both sides need to con-

Why do people use gestures when communicating? Atruct a relationship emerging from mutually entrained

common scene on a street involving giving/receivingbody movements. We investigate the process of commu-
route directions is some person and a stranger makingications in the experiments by using our implemented
gestures together as if dancing synchronously and rhythrobot.

mically (see Figure 2). These gestures appear not only
when the person describes turns at visible locations, but Embodied Communications

also at invisible ones. Moreover, it has been shown tha .

people are unable to achieve smooth communications ik’reVIous Research on Gestures

they are restricted from using spontaneous gestures (OriResearch on gestures conducted to investigate the mech-
et al., 2001). Consequently, gestures play an importaranism of communications emerged around 1980. In
role in human-human communications. this field, McNeil was the first to carry out cutting-

In this paper, however, we do not discessblem ges- edge research. He pointed out that gestures are syn-
turessuch as the OK sign; these gestures have arbitrachronized with speech in communications, and thus both
ily defined meanings and figures in social conventionsare closely connected in the cognitive system (McNeil,
The target of our researchnsutually entrained gestures 1987). McNeil's research provided findings leading to
where a speaker and a hearer spontaneously and sytte development of research on the functions of gestures.
chronously move their bodies according to the entrain- However, previous research has mainly analyzed the
ment resulting from mutual actions and utterances. Wespeaker's gestures in communications. In other words,
focus on such gestures because smooth communicationsany researchers have analytically investigated the cor-
between humans can be expected when these gestunedations between speech and the speaker’s body move-
are used, as illustrated by the above example involvingnents. Consequently, their aim has been to explain an
giving/receiving route directions. internal mechanism of an individual speaker. However,



these research works have not looked into the dynamical In our proposed model, the characteristic of commu-
mutual interaction between a speaker and a hearer. nications discussed above is expressed as follows:

In contrast, we focus on thdynamical mutual interac- —
tion in human-human and human-robot communications @(07 U)—1 (1)
involving giving/receiving route directions. Especially, —
the reason why we come to adopt this route directions is O(Rj) — EB (2)
that spontaneous gestures such as pointing easily appear E(torso,arms eyes — R 3)

in this context. Kita (2000) analyzed a speaker’s gestures o o ] ]

for this task but did not deal with the dynamical mutual Here, 0 indicates the situation where there is nothing to

interaction between them. In this research, we are able t§0int out,R; is the relationship between persardj,

give evidence for a hypothesis in detail because we ca@NdQ is a function for obtaining the viewpoint from the

control the parameters in experiments by using a robot. 'élationship. Moreovettorsoandarmsare expressions
for entrained movements of the torso and arms, while

Model of Embodied Communications eyesexpresses the eye contact in communicati@nis. a
function of the relationship emerging from the entrained

In this paper, we propose a model of embodied commumovements.

nications focusing on entrained body movements. Our These formulae express the process of communica-

model is basically described by the following formula: tions involving giving/receiving route directions as fol-
lows. People cannot adopt an absolute coordinate sys-

@(S U) =1 tem when they do not have a landmark or object to point

out. Consequently, it is hard for them to achieve utter-

ance understanding because of the difficulty of obtaining

a joint viewpoint (Formula 1). To overcome this prob-

lem, they try to construct a relationship to obtain the

Here, @ is a viewpoint for understanding an utterance
in a situation,S is the situation around a speaker and

a heare(,U Is an utterance .from the speaker, ands joint viewpoint (Formula 2). This relationship emerges

information obtained by having understood utterablce  fom mutual entrained body movements (Formula 3).
For example, let us suppose that in a situaBoin-  Smooth communications can be achieved through these

volving giving/receiving route directions, a persamit-  processes because the joint viewpoint makes both the

ters “Go right” to a strangeB while both are facing speaker’s utterance and the hearer’s understanding eas-
each other. Let us further suppose tBatnderstands jgr.

from his/her viewpoint oA that the utterance means the  |n our model, we formalize the process of commu-

‘right” of A. In this case, the relation among the view- pications described above. We carry out psychological

point, situation, utterance, and information is expresse@yperiments to explore the validity of the model in the
as@a(S’,Ua) — Ig. However,B may instead under- following two chapters.

stand from his/her viewpoint of himself/herself that the
utterance means the “right” of him/her. In this case, the Human-Human Communications
relation is expressed &g(S’,Ua) — Ip. .
T . rimen
The above ambiguity can be effectively solved by us-EXpe ents

ing an absolute coordinate system. For example, apersol?_'?(pg”r?egts (t)r? ?u”ma.n'hum?ﬂ gommumcatlons were
can clearly direct a stranger to a destination when bottfonAucted by the following method.

sides can use a visible landmark or object, or when botlpytline of experiments We focused on the interac-
sides can construct a similar cognitive map (this assumegon between a subject and a person involving giv-
the stranger has previously visited the area). In this casgng/receiving route directions as an informant just hap-
the viewpointd is determined definitely. pened to be passing by. Here, we investigated the appear-

However, a person cannot use an absolute coordinatence of their gestures, gestural arrangements, utterances,
system when landmarks and turns to the destination arend the level of utterance understanding.

invisible, or when a stranger has not visited the area be-
fore. In this case, it is difficult to maintain a joint view- Subjects Ten undergraduate and graduate students

o g : male and female). The subjects had not previously

oint @ in communications because the stranger is un-(. . R X X

gble t?imaginethe route map of the person; thg person’ isited the experimental environment, and thus did not
' now the route to any destination at all.

memory access also becomes overloaded.

As described in the Introduction, people seem to solveEnvironment  Figure 1 shows an outline of the experi-
the problem of deciding a viewpoint by mutually en- mental setup. These experiments were done in the hall-
trained body movements. In other words, people firstways of a laboratory. Point A denotes the place where
construct a relationship that emerges from a mutually enthe route directions were given, and B and C denote the
trained gesture. This relationship allows people to obtairgoals, i.e., a cafeteria and an information desk, respec-
a joint viewpoint. Finally, they can communicate with tively. Point T1 denotes a turn in the route from A to
each other smoothly because of the utterance understanB; and Points T2-T4 denote turns from A to C. Only the
ing achieved as a result of this joint viewpoint. corner of T1 is visible from A.



human-human interaction.

Tl‘:.wma Table 1: Results of entrained actions of arms and eyes in
Types of gestural arrangement Arm Elbow Eye contact
® ® synchronized| extended (total)
/ - = - Cafeteria 6710 6/6 12 times/ 123 sec
| D D () Information 8/ 10 8/8 25 times/ 216 sec
‘ Aligned  Absolute  Relative
Informant |@P|
et |

c Information
T2 desk

T

Figure 1: Experimental setup: arrangement of subject,
informant, destinations, and turns.

Procedure The subjects received the following in- . )
structions from the experimenter (position A): “Ask a Figure 2: Photo of mutually entrained gesture in human-
passerby the way to the cafeteria and the informatiorhuman communications in the route direction.

desk and go to each place by yourself” The behav-

iors and utterances of the subjects and the persons were . .
recorded with a camera and a microphone. those who made synchronized gestures moved their ex-

tended arm right and left. Moreover, in all cases, they

Evaluation The results of the experiments were eval- made eye contact. In particular, in the more complicated
uated from the record of the subjects’ and the personsfoute to C, eye contact was made with high frequency.
behaviors, i.e., gestural arrangements, arm and elbow Furthermore, the time needed to communicate was
movements, and eye contact. In addition, we evaluated7.2 seconds in the case of destination B but 32.2 sec-
the time needed to communicate and the accuracy of thgnds in the case of destination C. That is, the more com-
communicated information. plicated route direction statistically needed much more

We classified the gestural expressions and arrang@ime tas = 2.122 p<.05). However, there was not
ments into three categories, i.aligned absolute and  much difference in the kinds of expressions used in the
relative gestures, following the literature (Kita, 2000) utterances between the two destinations. Eventually, all
(see the upper right-hand side of Figure 1). To illustrateof the subjects could arrive at the two destinations. In
let us assume that, at position A in Figure 1, an infor-other words, information was accurately communicated
mant directs a subject to destination B by telling him/herfrom the person to the subjects.
to turn right at corner T1. Iligned gesturean infor- A summary of the experimental results is as follows.
mant makes gestures to indicate his/her right aligningrirst, the persons acting as informants made spontaneous
his/her torso orientation with that of the subject.al-  gestures not only when they described turns at visible lo-
solute gesturean informant makes gestures to indicate cations but also at invisible ones. The subjects involun-

the subject’s right while facing the subject. telative  tarily made entrained and synchronized gestures to the
gesture an informant makes gestures to indicate his/hepersons.

right while facing the subject. We can assume the following relation between the ex-
| perimental results and our proposed model. The subjects
Results had not previously visited the experimental environment.

First, the gestural expressions and arrangements that tHenerefore, it was hard for the subjects to understand the
subjects and the persons took wedegned gestureén  persons’ utterances because of the difficulty of obtaining
nine out of ten cases amdlative gesturen the remain-  a joint viewpoint (Formula 1). To overcome this prob-
ing one case. These results were the same for both delem, they tried to construct a relationship to obtain the
tinations. Next, Table 1 shows the analyzed results ofoint viewpoint (Formula 2). This relationship emerged
synchronized gestures between the subjects and the pdrom mutually entrained body movements (Formula 3).
sons. Synchronized arm gestures were observed in six In the next chapter, we describe experiments on
out of ten cases in the route directions to destination Bhuman-robot communications in order to investigate
and eight out of ten cases to destination C. Here, synchra¢hese mechanisms in detail. We can unrestrictedly design
nized arm gestures mean that the subject synchronoustie experiments by using a programmable robot’s ges-
makes similar movements to the person’s spontaneousires. Moreover, the investigation of human-robot com-
arm movements (see Figure 2). In this experiment, alimunications can contribute to research on robot design
of the persons made arm movements. In addition, all oind the interaction between humans and artifacts.



Human-Robot Communications -4

Experiments

Experiments on human-robot communications were con-
ducted by the following method.

Outline of experiments We focused on the interaction
between a subject and a robot as an informant involving
giving/receiving route directions. Here, we investigated
the appearance of the subject’s gesture and the level of
utterance understanding while changing the robot’s ges-
ture.

Subjects Thirty undergraduate and graduate student?gure 3: Outline of robot called “Robovie” (left), and

(male and female). The subjects were randomly divideq s head and arm motion mechanisms (right).
into six groups. The subjects had not previously visited

this experimental environment, as in the human-human

experiments. Conditions We prepared the following six conditions
Robot Our robot system can make gestures by usingrom C-1 to C-6, which differed in terms of the robot's
the upper part of its body in the same way as a humar®ody movements (see Figure 5). The content of the ut-
(see Figure 3). The robot has two arms, two eyes, a mdterance was the same under every condition.

bile platform, and various actuators and sensors. With )

this equipment, the robot can generate almost all of th&~1 (N0 gesture): The robot did not move.

behaviors needed for communications with humans.

P

C-2 (Absolute gesture): The robot raised its left arm
Environment Figure 4 shows an outline of the experi-  leftward when telling the subject that he/she should
mental setup. These experiments were done in the hall- go right, while it raised its right arm rightward when
ways and lobby of a laboratory. Points S and R denote telling the subject that he/she should go left.

the initial positions of the subject and robot, respectively. ] N

Point A denotes the place where the route directions wer&-3 (Absolute gesture with gaze):In addition to C-2,
given, and B denotes the goal, i.e., the lobby. Points T1- the robot turned its eyes to the subject while making
T4 denote turns in the route from A to B, directed by the the utterance.

. Only th f T1 is visible f A. . .
robot. Only the comer o 's visible from C-4 (Only aligned torso): The robot rotated so that it

Procedure The experiments consisted of the following  aligned its torso with the subject.

Six phases.
C-5 (Aligned gesture): In addition to C-4, the robot

1. The subjects received the following instructions from  raised an arm forward telling the subject when he/she
the experimenter (position S): “Ask the robot the way  should go forward, rightward when the subject should
to a lobby and go there by yourself.” The question to  go rightward, and leftward when the subject should go
the robot was specified as follows: “Tell me the way |eftward.
to the lobby.”

, C-6 (Aligned gesture with gaze):In addition to C-5,
2. The subjects moved from Sto A, and the robot from R he robot turned its eyes to the subject while making

to A. the utterance.

3. Atposition A, the subjects asked the question, and the-\ ., ations  The results of the experiments were eval-
robot answered. The robot could make its Utterancq e from the record of the subjects’ behaviors and the
with syntheS|ze:‘d speech sounds._ The content of th%'\ns;wers of the questionnaire. In the questionnaire, the
utterance was “Go forward, turn right, turn left, tum g, .0 tq were asked whether they understood the robot's
right, turn left, and then you'll be at the de§t|nat!on. utterance and to give a psychological evaluation of the
The robot could make gestures while uttering this. In. ) 0 o seven-point scale for six itemBamiliar-

these experiments, we prepared six conditions undeﬁ Sj : e : :
; , Sincerity Reliability, Intelligence Extroversion and
which the robot’s gesture was changed. K)i/ndr|1ess Ity Refabiiy 'gence Extroverst

4. The subjects tried to go to the lobby after receiving the

robot’s directions. Predictions
In the experiments, we gave evidence for the following

5. The experiments finished Whethel_’ the Su_bjects arriveﬂqree predictions derived from the proposed model. The
at the lobby or gave up after losing their way. The more the robot’s gestures increase systematically rather
subjects psychologically evaluated the robot through &han randomly, i.e., the more the conditions shift in order
guestionnaire after the experiments finished. from C-1 to C-6,
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Q (ﬁa (f"!@) Figure 7: Photos of a subject under Condition C-1 (left)

and two subjects under C-6 (center and right).

Figure 5: Outline of experimental conditions under
changing robot gestures.

Figure 6: Results of subjects’ body movements in
human-robot interaction.

up to the elbow levelElbow). In the analysis, a signif-
icant difference was found between the ratio of appear-
Prediction 1: the more the subjects’ gestures will in- ances of the subjects’ body movements and the condi-
crease by entrainment and synchronization with theions (x> = 25.210, p < .01). In other words, the more
robot’s, and consequently, a relationship will emergethe conditions shifted from 1 to 6 (i.e., the more the
from the mutual gestures. robot’s gestures increased systematically), the more the
o ) o ) ) subjects’ gestures increased in sync. Moreover, the aver-
Prediction 2: the easier the joint viewpoint will be ob- age scores for the numbers of times the subjects turned
tained by the relationship. their eyes to the robot were higher when the robot turned

Prediction 3: the easier the subjects will understand thet0 meet the eyes of the subjects (C-3 a.md C6)_‘ ,
utterance of the robot and arrive at the destination by W& Show appearances of the experiments in Figure 7.
using the obtained viewpoint. First, the Ieft-hand side of.F|gure 7 shows the appear-

ance of a subject not making any body movement and

Here, Predictions 1, 2, and 3 correspond to Formulae (3)ot turning his eyes to the robot at all (C-1). In contrast,

(2), and (1) in the model of embodied communications,the center of Figure 7 shows the appearance of a sub-

respectively. ject making an entrained body movement and turning his

eyes to the robot (C-6). The right-hand side of Figure

Results 7 also shows the appearance of a subject making an en-

We give evidence for the three predictions in the order oftrained body movement and turning her eyes in the same

Predictions 1, 3, and 2 to make the point of our argumentirection as the robot (C-6).

clearer. As a result of the observations described above, we

Verification of Prediction 1 From the observation re- could confirm that relationships emerged between the
sults on the subjects’ behaviors, we analyzed the supsubjects and the robot from mutually entrained gestures.
jects’ gestures. First, the gestural arrangements tharonsequently, Prediction 1 was supported.

the subjects took were as we had expected (see Figuherification of Prediction 3 We recorded the time the
5). Next, Figure 6 shows the ratio of appearances ofubjects spent moving from A to B in Figure 4. Table 2
the subjects’ body movements under each condition. Irshows the average time and the number of subjects not
this analysis, we classified the subjects into three catearriving at B under each condition. Regarding the av-
gories: subjects who did not practice body movementsrage time, no significant difference was found between
at all (Nothing, subjects who only moved their hands the conditions. However, the average time in C-6 was the
(Hand), and subjects who moved and raised their handshortest.



Table 2: Average time until subjects’ arrival at destina-
tion, and number of subjects not arriving at destination.

CIJC2]JC3[]C4]C5]CH -
Time to destination| 69.5 | 71.3 | 67.7 | 70.2 | 66.8 | 65.4 ]

Number of subjects| 1 2 2 0 0 0
not arriving
A noteworthy point is that a considerable number of = '__. s
subjects did not arrive at the goal in C-1, C-2, and C-3. w1 T e trmesrnion|
The results of the questionnaire clearly showed that the L

subjects who did not arrive were unable to correctly un-

derstand the robot’s utterance. One of the comments of-

ten heard was that they could not understand whether the e

robot’s utterance including “left” and “right” meant the Figure 8: Results of subjects’ psychological evaluations

robot’s or the subjects’. In other words, the reason whyto a robot.

the subjects did not understand the utterance was that

they could not obtain a joint viewpoint with the robot. o
Consequently, the subjects who did manage to obtaifents roughly supported our research direction. How-

a joint viewpoint could understand the robot's utterance€ver. we could not investigate the details of the model

and arrive at the goal, whereas the subjects who did nd¥ecause we were unable to manipulate the parameters in

were unable to understand and arrive at the goal. Therdh€ experiments. Therefore, we carried out similar ex-
fore, Prediction 3 was supported. periments using our implemented robot system. From

o o ) ) ~ theresults of these experiments, we could give evidence
Verification of Prediction 2 First, we discuss obtain- for the validity of the model more appropriately.

ing a joint viewpoint from the aspect of body arrange- The contributions of our research should be viewed
ment. Under the verification of Prediction 3, it was C|earfr0m two perspectives_ First, our model of embodied
that all of the subjects could obtain a joint viewpoint communications suggests a new direction in research on
when the robot aligned its body arrangement with thecommunications. The target of previous research had
subject’s to the destination (C-4, C-5, and C-6). In con-mainly been the mechanism of verbal communications
trast, approximately one-third of the subjects could nothased on informatics approaches, e.g., Shannon’s model.
obtain a joint viewpoint when the robot did not align its After that, McNeil's school pointed out that gestures are
body arrangement (C-1, C-2, and C-3). Consequently, iynchronized with speech. However, they have not yet
is hard for subjects to obtain a joint viewpoint when no modeled a whole conception of interactive communi-
relationship emerges from the use of body arrangementeations that includes the function of embodiment. Our
Next, we discuss obtaining a joint viewpoint from the model gives a clue toward better understanding of such
aspect of mutually entrained gestures such as synchrgommunications.
nized arm movements and eye contact. As discussed in Moreover, the results of this research can be applied
the verification of Prediction 1, from the results of the tg interactive technologies between humans and artifacts.
observed data, the more the robot's gestures increasaf other words, artifacts that can draw out human phys-
systematically, the more the subjects’ gestures did socal movements can make humans feel familiar with
Moreover, from the results of the questionnaire, the morehem. These Cognitive engineering techn0|ogies enable
the conditions shifted from C-1 to C-6, the hlgher the av-ys to deve|op an interface System and a robot System in
erage scores became (see Figure 8). In other words, thRe work’s next generation.
more the conditions shifted, the smoother the communi-
cations became. Based on this consideration, the rela- References
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