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Abstract

We propose an application that uses music as a multi-
modal expression to activate and support communication
that runs parallel with traditional conversation. In this
paper, we examine a personified doll-shaped interface de-
signed for musical expression. To direct such gestures
toward communication, we have adopted an augmented
stuffed toy with tactile interaction as a musically expres-
sive device. We constructed the doll with various sensors
for user context recognition. This configuration enables
translation of the interaction into melodic statements. We
demonstrate the effect of the doll on face-to-face conver-
sation by comparing the experimental results of different
input interfaces and output sounds. Consequently, we
have found that conversation with the doll was positively
affected by the musical output, the doll interface, and
their combination.

1. Introduction

In this research, we sought to adopt musical expression
as & new form of communication that runs parallel to
other verbal and nonverbal modalities. People communi-
cate with each other by using multi-sensory expressions
that exploit gestures, gaze and other detectable clements.
These nuances make communication smooth, natural, re-
dundant, unburdening, and robust. Recently, humans have
developed ncw means for expression that employ tech-
nology and enhanced media, such as communicative
acoustics. However, people have not yet acquired a musi-
cally expressive method to augment conversation.

We propose using musical expressions as a means of
multi-modal communication that activates and supports
message conveyance during conversation. We adopted a
stuffed toy interface as a musically expressive device [14]
and outfiticd the doll with various sensors. An internal PC
interprets the doll’s present situation and the tactile inter-
action of the user, then translating this interaction into
melodic utterances. In the preliminary experiment, we ob-
served that people enjoyed the system as they displayed
intimate interactions and accepted the musical sound out-
put as responsive expressions of the doll interface. We
now find this rescarch needs systematic evaluation to
study whether such an interface is useful for expression,
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and if it may serve as a new channel of communication
parallel to conversation. In this paper, we first introduce
our musically expressive doll interface and then analyze
experimental results on the effectiveness of the doll as a
new communication device.

2. Motivation

When people converse using words, they instinctively
add to their vocal communication with other expressions
such as gestures or fingering. We assume that musical or
sound expressions give scveral modalities to the commu-
nication and that the doll interface permits richer interac-
tions.

There are several existing forms of musical expres-
sions that are equivalent to the multi-modalities of com-
munication. For example, there are interesting cultural
media such as Uragaki, a traditional Japancse custom in
which young boys and girls contend with cach other in
songs to communicate romantic emotions 1o members of
the opposite gender. In that communication style, indirect
musical expressions are used along with verbal expres-
sions. Music is also often used in movies or musicals to
make the scene dramatic, which is a one-way augmenta-
tion to the audience. Our work was originally motivated
by the desirc 1o integrate conversational communication
with additional musical channels.

We now propose communication using the various
music expressions that are performed by a doll interface
and we examine its effects and the doll device itself. Jus-
lin [5] introduced aspects of music modality, focusing on
the peculiar nature of sound in relation to emotions. We
examine the variety of musical expressions that are gener-
ated by various interfaces and situations, including com-
munication between people.

We then consider the several functions of a doll. Peo-
ple treat dolis as another self or a partner. There is a func-
tion called “sclf-adapter” in nonverbal cxpressions, as
seen in someone who is gesturing and fingering during a
conversation. The doll’s embodied physical nature would
seem to elicit such a behavior. When a doll is used as an-
other self it would be serving the function of “embodi-
ment,” as seen in ventriloquism and house-playing. This
is probably caused by the doll functioning as a personified
interface for controlling other media or intcracting with it.

The importance of nonverbal communication, regard-
less of whether it's conscious cxpression or not, was em-
phasized by Vargas [12] and Raffler-Engel [13]). They



witnessed several functions of nonverbal communication
shown by people using facial and body expressions. It has
been observed that people who interact with computers
behave as if they were communicating with another hu-
man |7]. We feel that a dol! interface could provide some-
functions of thesc nonverbal expressions more cxplicitly
with the aid of its personified look and role as a metaphor.

Following this trend, we propose the musical expres-
sion of the doll interface as a communication method. Fo-
cusing on the multi-modality of communication, we ex-
amine a new style that accompanies sympathy, conception,
and creation. Furthermore, we expect the doll to express
ambient or projected emotion, or the intentional expres-
sion that reflects a user who uses non-verbal communica-
tion.

3. Related Works

There have been several efforts to develop interactive
systems using dolls. “Noobie” [3] was proposed as a
sympathetic computer-human interface for children. The
“Swamped!” testbed [4] was also built as a “sympathetic
interface” using a sensor-doll. The doll is mainly used as
the controller for a character's behavior in its own graphi-
cally presented virtual world. Cassell et al. [1] proposed a
peer doll as a storytelling interface for children by ex-
ploiting the tendency of people to act with a doll as if it
were alive. From those researches we sec that doll inter-
faces have been used as both familiar and personified de-
vice. “ActiMates Barney” [10] is a commercialized sensor
doll available as a playmate for learning through interac-
tion. "My Real Baby” is a similar robotic device that
cmulates an infant with various facial expressions.

In contrast to these systems, we use sound effects and
music, rather than the conventional media controls of toy
dolls, to extend the expressive capability of the actuators
and apply them in an unobtrusive manner. “The Familiar”
[2] is an automatic diary system using a sensor-cquipped
doll (or a backpack scnsor apparatus) and a context rec-
ognition system. Its purpose is to achieve automatically
record the user’s behavior and an outline of its associated
context. We adopt this system’s context sensing mecha-
nism in our prototype.

Interesting work has been done with personified robots
performing as human-to-human communication tools. A
robot for elderly people has been introduced as a healing
and communicating tool [6]. “RobotPHONE”[9] is a pair
of simple shape-shared dolls with sensors and motion ac-
tuators. Suzuki et al. have introduced a “Mobile Robot
Platform for Music and Dance Performance™ [11], which
is an interactive system built with a robot that uses musi-
cal expression. This work involves both musical expres-
sion as a communication method and as a personified in-
terface. However, this system does not emulate communi-
cation between humans.

4. Context-aware Stuffed Toy Prototype Sys-
tem With Musical Expressions

We previously proposed Com-Music, a sensor-
equipped doll for musical expression (Fig. 1) to facilitate
communication among people [14]. We believe that a doll
interface can become a kind of medium for musical com-
munication by providing the user with several expression
controls and harmonizing their combinations. The doll
can also be a playmate toy for entertaininent purposes, a
part of a music edutainment system, and a human-to-
human communications support device over a network.
Thus the doll interface can be used as a [lamiliar and
flexible communication device.
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Figure 2: Scnsor data. interaction levels, and music expressions

We first designed our context-aware sensor-doll as a
reactive communicator for the user with the doll itself
[14]. We also constructed a testbed of a networked musi-
cally expressive doll to enable musical communications
[8]. The sensor-doll has several internal modes and ac-
cepts two kinds of reactive controls: (1) context-
recognition for mode switching and (2) direct input trans-
lation in each mode. The internal modes of the doll are
divided into five states that represent the doll’s internal
status, which resembles a particular mood. The transitions
between states are controlled by the interaction with a fi-
nite state machine. Each state’s design closely corre-
sponds to the strength of activities.

The system gencrates music and sounds controlled
through a context-based interpreter, which processes raw
sensor data (Fig. 2). In the music performance statc the
doll performs as a musical controller while allowing its
partner to play music cooperatively. The musical expres-
sions have global or partial contiols such as melody,
thythm. key, and chord.



The prototype system was provided to a number of
visitors to our laboratory. As a preliminary experiment,
we observed people’s reaction to the doll’s shape, musical

expression, and mode change based on its context sensing.

We observed that people enjoyed their interaction with
the doll. For people expecting an intelligible voice, the
muttering sound the doll makes is always regarded as un-
usual, but users come to enjoy making various sounds
quite quickly. The mode change is recognizable from the
sound transitions betwcen the internal states [8].

5. Designed Experiment
5.1 Experiments on Face-to-face Communication
with Musically Expressive Doll

For musical expression to be effective as a new com-
munication channel, high-quality conversations must bc
generated and the doll should provide supplemental ex-
pressions to the modality of conversation. To discuss the
effect of the musically expressive doll on communication
between people, we observed human-to-human conversa-

tions using the musical sensor-doll.
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Figure 3: Setup of music-doll for experiment

We adopted a cat-like stuffed doll for this experiment
(Fig. 3). The doll is equipped with four bend sensors in its
legs and arms and two pressure sensors in its hcad and
trunk. The sensors are connected to an A/D converter
through cables, and the signals are sent to a Macintosh
computer that generates music and sound.

For this experiment, we prepared special audio map-
pings that are very easy for musical novices to control in
conformity with the Com-Music system. The basic con-
trols include 1) volume and harmonics mapped at the
head and trunk, and 2) melodic elements at the bend sen-
sors. Each condition, described in the section on Condi-
tions, has a different mapping to basic musical clements.
For example, some music notes, actuated by the bend sen-
sors change either non-discretely or discretely based on
the signal of the sensors’” values. A simple explanation of
the mappings is given in Fig. 3. Mapping | of the figure is
the musical sound mapping using melodic sound, and
Mapping 2 is the voice-like sound made by continuous
change in the melody, which is equivalent to the pitches
of our speaking voice.

Method: We divided the subjects into two groups:
Group P (Player) was comprised of the examinees who
were given devices, and Group L (Listener) consisted of
the examinces who were not given the device for use dur-
ing the experiment. In each test, we formed 14 same-

gender pairs of one person from Group P and one person
from Group L. The members of the pairs met each other
for the first time and had never talked with each other be-
fore the experiment; this constraint was adopted to ob-
serve how the system helps their first communication.
The partners conversed with each other under various
conditions discussed later. The topics of the conversation
were prepared on simple subjects such as “melons™ or
“tomatoes,” and given to the pair before the experiment.
The orders of conditions and topics were randomized.

Through headset microphones worn by the examinees,
we recorded the speaking sounds of the Player and the
Listener as the conversation’s voice dialogue, and we also
recorded the musical sound from the device (if any) per-
formed by the Player. A video recording of each experi-
ment was also made for our reference in the analysis.

Hypotheses: Wc¢ made two predictions before
conducting the experiment. First. that the conversation
would be influenced differently in terms of the total
amount of speaking and its balance between speakers.
We anticipated this would be as a result of assigning each
speaker a different musical device including a traditional
musical instrument (piano), a sensor-doll, or no device at
all. Secondly. we expected that the conversation would be
different in terms of the total amount of speaking and its
balance between speakers. This would develop as a result
of assigning device different sound mappings to the
speaker’s device such as melodic, voice-like, or no sound
at all.

Conditions: We conducted two experiments: the [irst
studied the effect of different musical devices on conver-
sation, and the second the effect of ditferent musical reac-
tions using the sensor-doll device. Experiment #] con-
sisted of three conditions: I) the player must use the sen-
sor-doll with a mapping from its tactile sensor input to a
simple musical control {(Cg4u, which is the same as Map-
ping 1 of Fig. 3) during the conversation, II) the player
must use a piano (Cpiume) in the same way as Cyyy and III)
the player may not have a device (Cyy_gevice). Experiment
#2 had three more liberal parameters: I) the player may
play the musical control (melodic and harmonic sound)
with the sensor-doll but it is not required (Ceioa,. Map-
ping | of Fig. 3), II) the player controls sound in the same
way as the voice control (C,., not melodic, non-discrete
frequency shown in Mapping 2 of Fig. 3), and HI) the
player can control nothing but may talk to Listener while
touching the doll (Cyy_sound)-

Subjects: Twenty-eight undergraduate, graduate stu-
dents, and researchers, from 18 to 35 years old (14 males
and 14 females).

Procedure: The experiment was performed with the
following procedure.

Before the experiments, (I) a subject (Player) was
given the musically expressive device under each condi-
tion (piano, doll, nothing). (II) Player had a few minutes
to become familiar with the new musical device. If the



condition was Cye_gevice this step was skipped. (IIT) Both
subjects, Player and Listener, learncd of the topic. (IV)
The subjects talked with each other under one of the three
conditions (Cgoi, Cpiano> OF Cpo_gevice). During the conver-
sation, Player touched or controlled the device (or noth-
ing).

Afierwards, (V) Sound Performance Change: Experi-
ment #1 repeats steps (1) to (IV) under each of the other
two conditions. The order of the conditions was random-
ized. (VI) Sound Feedback Change: Experiment #2 is
conducted in the same way as in step (V) under each con-
dition (Cpetoay: Croices and Cpg sound» randomized). (VII)
After conducting the experiments under all conditions, the
subjects answered questionnaires,

Instructions: The experiment conductor asked the
subjects to talk with one another about the given topic in
each condition for 1-5 minutes. The conductor also ex-
plained the following conditions to the subjects: (A) the
conversation must be more than one minute long, but if
the conversation exceeds five minutes it will be stopped,
(B) each subject has to express at lcast one opinion on the
given topic or relate a narrative to the other, (C) each sub-
Jject must listen carefully to the remarks of the other. They
were also told that they could stop the conversation any-
time if they wanted to, and (D) that they could freely talk
with each other provided that the above conditions were
satisfied.

The Players were also told (o perform music or sound
devices freely following the directions of the experi-
menter under each condition during the conversation.

Measures: For measuring the eagerness of the conver-
sations, we detected utterance-intervals from each re-
corded sound (Listener, Speaker, and Sound of music per-
formed by using the experimental system) by an ON/OFF
judgment that uscs a threshold of the sound volume. We
then added the period of all intervals of each recorded
sound under various conditions.

For convenience, we call the total time of the “volume
ON” all combined intervals of each speaker or sounds
from the device Lconditinn» Pcondi!iom and Scondilion ([he total
time of Listener’s voice, Player’s voice, and Device’s
sound, respectively, for each condition of piano, doll,
no_device, melody, voice and no_sound).

To measure whether the music and its device affect the
conversation, we adopted the L/P value, which is the ra-
tio of intervals between L and P and thus represents the
balance of the conversation between the two people. The
initiative of a conversation does not stay with one side but
changes during the conversation. However, in general we
can assume that cither Player or Listener took the initia-
tive, which can be determined by the dominance of speak-
ing time.

We additionally adopted P* and S* values to express
the total time while the Player concentrates in talking
without playing the device (P*) and the total time while
the Player concentrates in performing some sound without
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talking (8%*). These are different from the S and P values
which are the simple totals of the utterance periods.

The questionnaire given to the examinecs after the ex-
periments used the SD method with a 1-7 scale. A higher
scorc means that they feel the questionnaire statement
matches their experiences.

5.2 Results

In this experiment, 13 out of the 14 pairs of examinees
talked over the maximum length experiment (300 sec-
onds) for every condition. The remaining pair talked for
about 172.8 seconds (average). Both Listeners and Play-
ers sometimes lost the conversation about the given topic
and tried to recover it. Several Players touched the doll or
the piano when they lost the topic while talking with Lis-
teners. Furthermore, some Listeners asked Players to per-
form the music when they lost the topic, apparently moti-
vated in the same way as the Players. Thus, the five-
minute conversations included both periods of lively
mood and periods of subdued mood. Therefore, we con-
cluded that a five-minute conversation was sufficient to
provide statistically reliable data that includes diverse
states of conversation,

Figure 4 shows two photos of this experiment. We
could observe two unique interactions hetween Players
and the doll regardless of music, sound, or no feedback.
Some Players tried to show the doll to the Listener during
the conversation (Fig. 4(a)) while making no reference to
the conlent of the conversation. Other Players continued
10 ook at the doll even during the conversation (Fig. 4(b)).

(a) User shows dol: (b) User looks at doll
Figure 4: Talking experiment using doll

5.3 Analysis
[Analysis 1]: General analysis
Analysis 1-1: Significant Period of Performance

Under the condition Cyqy of Experiment #1, we com-
puted the normalized Syon values, the totals of the Players
making sound using the doll, by dividing S,,4 by the sum
of Lyyn and Pyay, Saou/(Laon +Paon). The {average, variance,
max, minimum} of these normalized values were {0.576,
0.053, 1.44, 0.25}.

Analysis 1-2: Significant Balance of Performance

Figure 5 shows the plots of S* and P* values under
each condition except the conditions C,o geviee and
Coo_somnd, Since these conditions do not have any sound
oul[_)ul. Only 12 samples were taken into account in this
analysis after excluding two samples: one pair’s conversa-
tion was too short, and the other suffered from a failure to



record voice. The figure shows that the period of cach ex-
periment, $* + P*, was around 150 seconds.

In Cpiane, the values of the ratio of S* to P* are scat-
tered (Fig. 5(a), plotted by “w”). Compared with the R?
values (fitness) of the other conditions, the R? valuc of §*
o P* in Cpiane was lower (0.3839, Fig. 5(a)) than the oth-
ers (0.8103, 0.8629, 0.8266). These values can be inter-
preted as showing that the ratio of $* to P* in Ciiano ir-
rcgularly loses the balance that was maintained in Cyyy.

Analysis 1-3: Independent utterance of Sound and Player
We examined T-tests of both §* and P* values of the
pairs (Caon, Cpiano) and (Cuetody: Cuoice)- The T-value of S*
With (Cretody: Cuoice) 1 significant, T = 2.44 > 2.20 (12, p
< 0.05). The T-values of S* with (Cgp, Chpiane) and that of

P* with both pairs are not significant.
1 pait : !
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In Experiment #2, the averages of Speody and Sygice
were 174.14 and 124.75 seconds, respectively. For the
differcnce between Speieqy and Sygiee. the T-value was
2.336 > 2.160 (14, p < 0.05).

[Analysis 3]): Comparison of L/P values
We then analyzed data with an L/P value adopting the
convenient description Lgngition / Peondition = L/Pconditi

Analysis 3-1: L/P Values of Experiment #1

The 13 ratio values of (L/Ppiune, L/Pug gevice) and
(L/Pgaits L/Pyy_gevice) are plotted in Fig. 6(a). One sample
was excluded because of voice recording failure. Linear
relevance between L/Ppian, and L/Py, geviee Can be secn
except for the values represented with *-” marks, which
are regarded as exceptions. Compared to this result, the
plot of the ratio L/Pyy to L/Ppo_device 15 scattered except
for the data corresponding to “x,” which are plotied by -
. The weak but similar tendency of a linear relation is
observed even in the cxceptional data above (Fig. 6(a))
with a different slant. The slant of resulting linear regres-
sion for L/Py;,,, is significantly larger than that of L/Pyy,.

Analysis 3-2: L/P Values of Experiment #2
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[Analysis 2]: Comparison of Total Performing Period
Analysis 2-1: Total Performing Period in Experiment #1

Next we focused on the total time of the performance
with the doll and the piano by the Player. In Experiment
#1, the average of Spiane Was about 87.0 seconds, ranging
from 0.8 to 188 seconds. We found two clustered groups
in the samples. In the first group, consisting of nine of
fourtcen pairs, the average of Spiane values was 133.6 sce-
onds, while in the other group, the valucs were all under
10 scconds, with an average of 3.8 seconds. On the other
hand, the average of Sy was about 108 scconds, gener-
ally dispersing from 5 to 250 seconds.

Analysis 2-2: Total Performing Period in Experiment #2

In Experiment #2, the relationship of L/P eieay toO
L/P o souna is roughly approximated as the expression y =
& (Fig. 6(b)). On the other hand. the relationship of
L/P gice 10 LIPpo_souna is scattered, as shown by the differ-
ence in the R* values, {(L/P pmeiogy: L/Puo sound)s (L/Pygice.
L/Poo_souna)} = {0.8332, 0.5963) (Fig. 6(b)). Moreover,
the ratio of Lygg. is higher than that of P, .. as can be
seen from their approximated lines with lower slant than
(L/P melody, L/P no__souml)~

We compared Cpo_gevice With Cg_souna. and the correla-
tion between L/P,, gevice and L/P,y, soung Was 0.04.

[Analysis 4]: Subjective evaluations

We found scveral remarkable results in the subjective
evaluations. In the evaluations of the ease of conversation,
the average of Cpige values by both Player and Listener
are low (3.29, 3.71) compared to Cyqy: 3.85, Cro_device:
4.64 for Player and Cyun: 3.93, Cyo_gevice: 4.5 for Listener.
The values are totally dispersed. In particular, the Players’
evaluations are dispersed in Cgy,y and Cpiane (variance:
3.82 and 3.14, respectively, when Cro_device 1S 2.40).

6. Discussion

We first confirmed that the musically expressive doll
was utilized effectively during conversation. While
Analysis 1-2 shows the total of the Player’s expression by
only speech or sound was stable, Analysis 1-1 shows that
the Playcr sufficiently performed as much as he/she talked.
We then concluded that Players werc able to make the
sensor-doll generate a sufficient quantity of expressions
without hesitation.

The doll interfacc was easily played comparing with
Cpiano (subjective evaluations). Each of the examinees



may have different preferences for traditional musical in-
struments. It is shown in Analysis 2-1 that two clustered
groups appeared in piano performance. Traditional in-

straments would be difficult to play during a conversation,

especially for beginners. In contrast, the Player shows
some tendency of playing a longer time with the doll in-
terface in terms of average and dispersion. Therefore, we
concluded that using the doll interface for musical expres-
sion could be an cffective way to introduce a new modal-
ity of conversational communication, functioning in a dif-
ferent way from the piano.

Having the doll gives the conversation irregular and
various effects. The Listener/Player utterance balance
(L/P values) of Analysis 3-1 and 3-2 show the effects on
the balance of conversation with playing the doll were ir-
regularly changed, regardless of kinds of sound expres-
sions, while the effect of playing piano is stable, and the
balance was not changed. Players had different feelings
than the Listener in regards to the subjective aspects of
the experience.

Additionally, we observed a difference in conversation
by the kinds of sound feedback. Players made the musical
sound with the doll more than they made the voice-like
sound in both the whole and independent utterances (ob-
served in Analyses 2-2, 3-2). From this we conclude that
voice-like sound is disturbing to conversation and that
there is a positive role of melodic expression. It is sup-
posed that this form of musical expression is attractive
and effective for face-to-face conversation. As a supple-
ment, Analysis 1-3 shows that sound feedback affects the
balance of the expressive device’s independent utterance,
rather than the rype of input device.

Finally, we conclude that the musical expression using
the doll is casy, and it affects face-to-face communication
behavior. From these results showing the effect on the
conversation having this doll, we regard this new type of
musical expression as a positive addition to multi-modal
communication.

7. Summary

In this research, we aimed to adopt musical cxpres-
sions as a new channel of communication that operates
parallel to other verbal and nonverbal methods. The ex-
periments conducted with a musically expressive doll,
which included analyses of Player's talking-only time,
Player’s sound performing-only time, and the Lis-
tener/Player uttcrance balance led us to conclude that the
doll provided a new form of communication that alfccts
the balance of conversation.

Some remaining issues for further study include: 1)
experiments on two-person communication when both in-
dividuals use the musically expressive doll, 2) investiga-
tion of the supcriority of musically experienced pcoplc,
and 3) a redesign of the doll and musical expressions for
more suitable expression.
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