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ABSTRACT
The aim of this paper is to clarify the relationship between
the expressive strengths of gestures and voice for embod-
ied and personified interfaces. We conduct perceptual tests
using a puppet interface, while controlling singing-voice ex-
pressions, to empirically determine the naturalness and
strength of various combinations of gesture and voice. The
results show that (1) the strength of cross-modal percep-
tion is affected more by gestural expression than by the ex-
pressions of a singing voice, and (2) the appropriateness of
cross-modal perception is affected by expressive combina-
tions between singing voice and gestures in personified ex-
pressions. As a promising solution, we propose balancing
a singing voice and gestural expressions by expanding and
correcting the width and shape of the curve of expressive
strength in the singing voice.

Categories and Subject Descriptors
H.5.1 [Information Interfaces and Presentation]: Mul-
timedia Information Systems

General Terms
Perceptual Experimentation and Design with Cross-modality

Keywords
Cross-modality, Vocal-gestural Expression, Perceptual Ex-
periment, Personified Puppet-interface

1. INTRODUCTION
Personified media such as humanoids, pet robots and an-

droids are being developed with embodied interfaces for nat-
ural communication with users. Among the expressions used
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through these personified media, personification is an effec-
tive element for natural, life-like communication with human
users [1, 5, 3]. Effective implementations of personification
can be found in elderly care facilities that use therapeu-
tic pet robots for familiar interaction with elderly people
and language education for infants that employs empathetic
puppets. Few reports, however, have discussed the design or
effectiveness of the mutual effects among multiple modali-
ties (Cross-modality), which mostly involve combinations
of mutually expressive modalities such as gesture and voice.

To achieve a natural expression, it is necessary to appro-
priately combine expressions between modalities and to pre-
vent contradictory or unreasonable feelings. For example,
it is unnatural for a robot to make excited gestures while
saying “Hello” in an emotionless voice. In that case, the
expression would be comparatively natural if the voice were
amusingly manipulated with prosodic and vocal sound con-
trols corresponding to the gesture. In this paper, we call
the naturalness and suitability of combinations among plural
modalities Appropriateness. Furthermore, people tend to
greatly vary their expressions, changing the strength and
type of emotion over time in their everyday interpersonal
communications. A natural expression for personified me-
dia needs to be attractive while the Expressive Strength
is controlled, which depends on the content and context of
the expression in question.

The purpose of our research is to build effectively personi-
fied expression in which the expressive strengths of voice and
gesture are controlled in the optimal combination to achieve
the desired result. In this paper, we conduct perceptual
tests on the appropriateness and the expressive strength of
combined voice and gesture in a personified medium. Our
goal is to investigate the cross-modality arising among plu-
ral modalities in personification, especially with emotive ex-
pressions.

To measure the mutual effects of different modalities with
simplified elements, the experiments consider only (i) vo-
cal sound and (ii) pose as representative expressions of each
voice and gesture. Therefore, we eliminate complicated ex-
pressions such as prosody (speech speed, F 0 and so on) and
time-sequential gestures. The experiments focus on gestures
of the upper body as important expressions in personified
robots, as described in [7]. For video stimuli in the percep-
tual experiments, we have adopted the HandySinger system
[18], which is an intuitive and direct controller of the ex-
pressive strength of a singing voice and gestures through a



hand-puppet interface. The experiments consist of percep-
tual evaluations of (1) appropriateness and (2) expressive
strength of personified expressions for different strengths be-
tween expressions of voice and gestures.

2. RELATED WORKS
Personified media such as robotics, puppets and agents

are becoming increasingly common in our daily lives [7, 6].
There have been several studies on personification of em-
bodied robotics and puppets as a method of communication,
story telling, and musical expression [2, 16, 13]. These ex-
pressive systems use their multi-modality nature to gain the
strong advantage of involving the user’s empathy through
familiar personification. To fully exploit this advantage,
however, it is important to analyze the perceptual effect of
mutual modalities achieved by naturally and appropriately
combining expressions.

The McGurk effect is well known as an auditory illusion
produced by a visual experience [11]. In this regard, several
studies have been conducted on audio-visual mutual effects
in human expression [4] and artistic works, [8], showing that
mutual expressions do not have the same effect as a singu-
lar expression. It is also possible that personified mutual
expressions function differently from other types of mutual
expressions, such as those described in the related works.
Consequently, we attempt to confirm the cross-modal effect
in personified expressions in order to produce better design
guidelines.

Yamamoto et al. analyzed and applied the timing-control
effect between the utterances and physical motions of a
robot for natural expression [15]. This research suggests
the effectiveness of applying cross-modality between physi-
cal motion and voice in personified media.

Personified expression, unfortunately, has problems not
only with timing but also with expressive strength, since
natural expression includes continuous or discrete changes
in strength. To improve the naturalness of personified ex-
pression, in this research, we aim to clarify the effect of
cross-modality with different levels of strength among ex-
pressions of multiple modalities.

3. PERSONIFIED AND MULTIMODAL
EXPRESSIVE SYSTEM

3.1 Simplification of Cross-modality
To understand the effect of multiple modalities in person-

ified and embodied media, it is useful to exclude the more
complicated elements of each modality. It may be possi-
ble to establish a clearer perceptual test for the cross-modal
effect by combining only the simplified expressions of each
modality. This research, therefore, focuses on the strength of
the auditory and visual expressions of a personified interface
by using the HandySinger system, which directly manipu-
lates a puppets’s gestures through a hand-puppet interface
designed for controlling singing voice expressions [18].

In our personified embodied system, we adopted the ex-
pressions of 1) upper-body gestures and 2) voice control
without complicated expressions such as verbal information.

Gestures provide a non-verbal method of communication
using conscious or unconscious movements of the head, hands,
and other parts of the body. It is difficult and complicated
to classify and interpret time-sequential gestures, so in this

Table 1: Varied Expressions for Personified System
Channel Expression Feature abbr.

normal Flat (without Expression) no
Singing dark Closer to Back Vowel da
Voice whispery High-frequency Noise wh

wet Nasal Voice we
neutral Flat (without Expression) neu

Pose back Bend Backward bak
(Gesture) droopy Drooping Head drp

stretched Stretch Forward Hands str

neu bak drp str

Figure 1: Four Gesture-Expressions

research we eliminate the complexity from the puppet’s ges-
tures to clarify the effect of cross-modality. Recognizing that
the puppet’s basic motion and poses are themselves expres-
sions, we adopted the pose of the hand-puppet to analyze
its mutual effect with voice expression.

On the other hand, expression in spoken utterances in-
cludes not only vocal sound but also prosody information
such as speech speed and F 0. To observe the mutual effect
of voice and gesture, it is important to remove the effects
of these complicated elements to obtain the correct impres-
sion of the main element of vocal expression. In this paper,
vocal expression includes only vocal sounds, eliminating the
prosodic effect in order to evaluate cross-modal effects. Since
spoken vocal expressions do not exist in normal speech with-
out prosody, we adopt a singing voice that is only capable of
producing expressions by vocal sounds, particularly through
expressive strength.

3.2 System Structure
Simplifying the element of expressive control as explained

in Section 3.1, we construct a singing-voice expression sys-
tem with a hand-puppet interface to investigate the cross-
modal effect. Four types of expression are prepared for each
modality as a first step toward building this system’s struc-
ture (Table 1 and Figure 1).

As Figure 2 shows, the system consists of the following
processes:

• Employing internal sensors to detect the expressive
type and strength of the hand-puppet’s gestures from the
user’s direct controls;
• Determining the expressive strength and type of singing
voice according to the detected gestures; and
• Synthesizing and outputting an expressive singing
voice.
The following sections provide details of the functions

listed above.

3.2.1 Sensing Gestural Expressions
To directly control the singing-voice expression via hand-

puppet gestures, we adopted as the system interface a simple
hand-puppet consisting of controllable parts for each of the
two arms and the head. The user controls the hand-puppet
with three fingers, using, for example, the thumb, forefinger,
and middle finger of her/his right hand.

To capture the hand’s motions as motions of the puppet it-
self with sufficient accuracy for the interface, we constructed
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Figure 2: Synthesis of Singing Voice Expression by
Hand-puppet

Hand-puppet Sensor-covered Glove Installation

Figure 3: External and Internal Appearance of the
Hand-puppet

a sensor-covered glove (Figure 3) as an independent captur-
ing device and fitted it inside a stuffed penguin, which func-
tioned as the personifying cover. The sensors’ analog signals
are sent to an A/D converter (Infusionsystems I-CubeX) and
converted to MIDI signals. A PC (Windows XP) receives
them thorough a MIDI interface (Roland UM-2).

3.2.2 Basic Mapping between Voice and Gestures
It is important to construct a simple mapping between

voice and gesture expression as a prototype for studying the
cross-modal effect. As a mapping of expressive types, the
system is preset with configured combinations between voice
and gestural expression based the simple metaphor shown
in Table 2.

The mapping of expressive strength is a simple correspon-
dence between voice and gestures. To detect the expressive
strength of gestures from the sensor signals, we defined the
baseline of gestures without expression (“neu”) as 0 and
the baseline with expression as 1. The system detects the
expressive strength by comparing the differences of signals
from the baselines. Accordingly, the mapping determines
the expressive strength of the singing voice through the ex-
pressive strength of gestures from user inputs.

The origin and range of each sensor are calculated to nor-
malize their values as weights of the expressions. As a result
of these mappings, neutral gestures, without any power, are
mapped with flat expression of the singing voice as the ori-
gin of each expression. For example, when the puppet makes
an intermediately drooping gesture, the singing voice corre-
sponds to the strength of the gesture.

3.2.3 Expressive Singing Voice Synthesis
We synthesized a singing voice with various levels of ex-

pressive strength by using a speech-morphing algorithm [10]
with STRAIGHT [9]. This morphing synthesis was made
using a real singing voice, with varying degrees of expres-
siveness from no expression to high expression.

We recorded the singing voice of a female amateur singer
in her twenties at a sampling frequency of 44.1 kHz. The
singer sang a Japanese nursery rhyme, “Furusato” (“Home-
town”), with an accompaniment in which singing speed and
F 0 were arranged in the same way. The instructions were
(1) to sing flat without any expression (“no” in Table 1)

Table 2: Correspondence of Expressions between
Singing Voice and Gestures

abbr. Voice Gesture Metaphor
A da bak Utterance like Opera Singer
B wh drp Drooping Pose matching Hoarse

Voice
C we str Emphasis like Pop Singer
( no neu Relaxed and Flat Utterance )

and with three different expressions (“da,” “wh,” and “we”),
with the features given in Table 1, and (2) to sing with a
consistent expression during each singing sample.

The singing voice expression with interpolated strength
was synthesized with a speech-morphing algorithm between
{no↔da, no↔wh, and no↔we}. The expressive strength
of the singing voice was controlled by the morphing ratio,
which is the ratio of expressive features, where “no” is 0 and
“{da, wh, or we}” is 1. The singing voice was synthesized
by a program using PureData [12].

4. PERCEPTUAL EXPERIMENT FOR
CROSS-MODALITY

We designed and conducted perceptual experiments on
cross-modality between the expressive strength of voice and
gestures, using a personified puppet while assuming that
there is an appropriate combination of expressive strengths.
The experimental results reveal in particular: (i) the basic
characteristic of expressed strength and perceived strength
of mono- or multi-modal expression; and (ii) the effects of
perception on (a) appropriateness and (b) expressive strength
by combining different strengths of voice and gestural ex-
pressions.

The experiments evaluated perception using several video
stimuli of the HandySinger system (Section 3), since it is
difficult to maintain repeatability of the puppet’s motions by
using a robot due to the state of present control techniques.

This section describes the three experiments we conducted:
to clarify the basic perceptual characteristics of expressive
strength (Experiment 1, Section 4.1); to identify the effects
of voice and gestural expressions (Experiment 2, Section
4.2); and to confirm the same effect of Experiment 2 in dy-
namical conversion (Experiment 3, Section 4.3).

4.1 Experiment 1: Perceptual Strength of
Interpolated Expression

Since it has already been confirmed that variously interpo-
lated strengths of singing-voice expression (v) are perceived
continuously [14, 17], in the experiments below we attempt
to clarify perceptual interpolation in both gestural expres-
sions (g) and cross-modal expressions with the singing voice
and gestures (v+g).
Hypotheses: I. Gradually changing the strength of gestu-
ral expressions makes it possible to interpolate perceptual
strength; and II. By gradually strengthening vocal-gestural
expressions, we can also interpolate perceptual strength just
as we do with singing-voice expression.
Subjects: Twenty people aged from their twenties to low
thirties (nine females and eleven males) participated in the
experiments.
Environment: Subjects executed a perceptually evaluative
program while wearing headphones in a soundproof room in



Table 3: R2 Values of Linear Regression Analyses of
Perceptual Interpolation

abbr. A B C
g R2= .718 R2=.811 R2=.790

v+g R2=.795 R2=.831 R2=.818

front of a 50-inch plasma display, which showed the puppet
at it’s actual size, about 20 cm tall. The program described
in Tcl/TK obtained evaluative input from the subjects and
displayed the video of the HandySinger puppet using Quick-
TimeTcl3.1.
Methods: Subjects watched a video stimulus with expres-
sions and a video stimulus without expressions to set the
evaluative criteria, and then they evaluated the expressive
strength of each video stimulus on a seven-level scale.

[Test 1-I]: Subjects evaluated various silent videos con-
taining gestures made by the puppet at various strength
levels (g). The test included the three types of expression
listed in Table 1: {bak(Test 1-I-A), drp(I-B), and str(I-C)}.

[Test 1-II]: The subjects evaluated various videos with
a singing voice and puppet gestures at various levels of ex-
pressive strength (v+g). The test included the three expres-
sive combinations listed in Table 2: {da:bak(Test 1-II-a)
wh:drp(II-b), we:str(II-c)}. The difference between Test 1-I
and 1-II is that a singing-voice expression was or was not
present.
Procedures and Conditions (VideoStimulus): The video
stimulus movies were combined with a picture of the pup-
pet’s static pose expression and a singing voice at various
strength levels. To control the subjects’ impression when
the the sound suddenly occurred, the movie began about
0.2 sec before and finished about 0.2 sec after the singing
voice file, which was about 3.0 sec in Test 1-II.

We informed the subjects of the expressions with abbre-
viated labels {A, B, C} in Table 2 without conveying im-
ages reflecting adjectives. To confirm the continuity of per-
ceptual strength in gestural or vocal-gestural expressions,
we prepared seven levels of expressive strength in the video
stimuli.

g : We presented still images for about 3.4 sec at each of
the seven levels of expressive strength from a movie of the
puppets’ motions, ranging from the pose “neu” (without ex-
pression) as 0 up to the expressive pose “{bak, drp, or str}”
as 1.

v+g : Still images, just as in g, were combined with the
singing voice at corresponding strengths of expression. The
singing voice was also synthesized to vary its strength over
the seven levels.

Still images were extracted at each level of pose strength
{0.00, 0.17, 0.33, 0.50, 0.67, 0.83, 1.00} detected by the
sensor, and the singing-voice sounds for the video stimuli
were morphed at the morphing ratio of {0.00, 0.17, 0.33,
0.50, 0.67, 0.83, 1.00}.
Instructions: The subjects were instructed to watch the
video stimuli to establish the criteria for each experiment.
For example, in Test 1-I-A, the instructions were to (i)
view “neu” as expressive strength 0 and “bak” as expres-
sive strength 1 in g, and (ii) judge the expressive strengths
of the video stimuli on the seven-level scales.
Results: Figure 4 shows the results of MOS (Mean Opin-
ion Score) as averages and standard deviations, and Table 3
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Figure 4: Perceptual Strength for Gradual Expres-
sion [Experiment 1]

Table 4: ANOVA: Perceptual Strength by Modality
and Strength

item abbr. F-Value p-Value
A F (1,38)= 3.46 p = .07 ←

Modality B F (1,38)= .93 p = .93
C F (1,38)= .91 p = .35

Expressive
A F (6,38)= 189.96 p < .01

Strength
B F (6,38)= 330.82 p < .01
C F (6,38)= 265.85 p < .01

Interaction A F (6,38)= 1.34 p = .24
(modality× B F (6,38)= 1.61 p = .14
strength) C F (6,38)= .942 p = .47

shows R2 values as linear approximations. Both g and v+g
increased in expressive strength, supporting both hypothe-
ses I. and II.

Through the experiment with Expression A to C in a
morph ratio from 0.17 to 0.50, the results of g are always
higher than those of v+g. At low expressive strength, com-
bining voice and gesture was always found to increase per-
ceived expression.

On the other hand, it is possible that the difference in
modalities affects perceptual evaluation since v+g R2 val-
ues were observed to be greater than g. Table 4 shows the
results of analyses of variance (ANOVA) with repeated mea-
surement of fourteen conditions and two dimensions (differ-
ence in modality: g and v+g and difference in expressive
strength) at α = 0.05 and φ = (1, 6, 38) (however, α: sig-
nificant level, φ: degree of freedom.) Except for the slight
trend of significance observed for Expression A (F = 3.46,
p = .07), the results indicate that the modality causes no
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Figure 5: Conditions of Cross-modal Perception
Test

significant difference, in contrast to the expressive strength,
which causes a significant difference in the MOS of every
expression.

In this experiment, we could confirm a basic characteristic
of perceiving expressive strength. We could not, however,
observe a stabilizing effect on MOS from the differences in
modality and interactions (modality × expressive strength)
compared with the expressive strength.

4.2 Experiment 2: Cross-modal Effect by
Combining Various Expressive Strengths

In this experiment we aimed to clarify the mutual effect
between the singing voice and gestures at various levels of
expressive strength. We observed the perception of appro-
priateness and expressive strength in vocal-gestural combi-
nations at each of the strengths of expression shown in Fig-
ure 5.
Hypotheses: I. The corresponding strength between ex-
pressions of the singing voice and poses is perceived to be
highly appropriate; and II. The perceived strength is the
average of voice and pose strength.
Subjects: Same subjects as in Experiment 1.
Environment: Same environment as in Experiment 1.
Methods: The sixteen video stimuli, containing four levels
of strength for each singing-voice expression and pose ex-
pression, were evaluated in random order (Figure 5). The
subjects evaluated the videos in relation to: (1) expressive
appropriateness between the singing voice and pose (Test
2-I), and (2) the general perception of expressive strength
(Test 2-II) on the seven-level scale. The subjects watched
“no:neu,” representing expressive strength 0, and “da:bak”
or other expressions denoting expressive strength 1, with the
criteria set as the same used in Experiment 1.
Procedures and Conditions (Video Stimulus): To in-
vestigate two modalities of expressive strength, we prepared
each voice and pose at four levels of strength as shown
in Figure 5. Singing voices and still images of poses at
various levels of strength were combined in each expres-
sion {A(da:bak),B(wh:drp),C(we:str)}. Still images were
extracted at expressive strengths of {0.00, 0.33, 0.67, 1.00}
using sensor values in the same way as in Experiment 1,
and singing voices were synthesized at the morphing ratio
of {0.00, 0.33, 0.67, 1.00}.
Instructions: Subjects were instructed (i) to watch the
no:neu and {da:bak, wh:drp or we:str} videos before each
test to confirm the criteria, and (ii) to evaluate the videos
according to the seven-level scale for: (I) appropriateness
of multi-modal expressions between voice and gestures; and
(II) expressive strength. We gave them a definition of “ap-
propriateness” as “matching the sense of expression between
voice and gestures.”
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Figure 6: Appropriateness at Different Strength
Levels [da:bak, Expression A]
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Figure 7: Appropriateness at Different Strength
Levels [wh:drp, Expression B]

Results I. [Perception of Appropriateness]: Figures 6,
7, and 8 show averages and standard deviations of per-
ception tests. Although the combinations of corresponding
strengths of singing voice and gestural expression seem to
provide the highest appropriateness at first glance, stronger
expressions of pose lead to a higher MOS value of appropri-
ateness at {0.67, 1.00} of the expressive strength of singing
voice but to a lower MOS value at {0.00, 0.33}.

It is conceivable that cross-modality affects the perception
of expressive strength, although the highest appropriateness
is not always at corresponding strengths between voice and
pose. For example, the MOS of appropriateness was the
highest at expressive strength 1.00 of the pose for expressive
strength 0.67 of the singing voice.

To clarify the cross-modal effects, we conducted an ANOVA
statistical test with repeated measurement of two dimen-
sions (voice expressions and gestural expressions), α = 0.05
and φ = (3, 3, 76), while setting the null hypothesis as “the
perception of appropriateness is not affected by differences
in the expressive strengths of voice, gestures, or their mutual
effect.”

As Table 5 shows, the ANOVA results mostly represent
significant differences. The exceptions are Expression A
with the strength of pose “bak” (F = .12, p = .95) and
Expression C with the strength of singing voice expression
we (F = 2.03, p = .12). Therefore, the null hypothesis can
essentially be rejected. The results suggest that the percep-
tion of appropriateness between singing voice and gestures is
strongly affected by the expressive strength of singing voice,
the expressive strength of gesture, and the interaction be-
tween them.
Results II. [Perception of Expressive Strength]: Fig-
ures 9, 10, and 11 show the averages and standard deviations
from the perception tests. The figures show the strong effect
of expressive strength of pose in comparison to the general
perception of multi-modal expressive strength.
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Figure 8: Appropriateness at Different Strength
Levels [we:str, Expression C]

Table 5: ANOVA: Test of Appropriateness with Two
Factors

abbr. item F-Value p-Value
da F (3,76)= 11.18 p < .01

A bak F (3,76)= .12 p = .95
Interaction F (9,76)= 23.12 p < .01

wh F (3,76)= 20.84 p < .01
B drp F (3,76)= 3.96 p < .01

Interaction F (9,76)= 36.99 p < .01
we F (3,76)= 2.03 p = .12

C str F (3,76)= 10.51 p < .01
Interaction F (9,76)= 32.66 p < .01

To clarify the strength of effects due to voice, pose, and
mutual cross-modality, we conducted an ANOVA statisti-
cal test with the repeated measurement of two dimensions
(voice expression and gestural expressions), with α = 0.05
and φ = (3, 3, 76), setting the null hypothesis as “the per-
ception of general expressive strength is not affected by dif-
ferences in the expressive strength of voice, gestures, or their
mutual effect.”

Table 6 presents the ANOVA results. The test results
show significant differences in the averages due to differences
in expressive strength of poses for all types of expression
(F = 394.38 in A by expressing “bak”, F = 575.99 in B by
expressing “drp”, and F = 403.85 in C by expressing “str”).
In contrast to the above results, there was no significant
difference in the other results. Thus the null hypothesis
concerning the pose is rejected although those of the singing
voice and the mutual effect are not rejected.

These results suggest that the general perception of ex-
pressive strength is strongly affected by the expressive strength
of gestures. They also indicate that the expressive strength
of the singing voice and the mutual action between voice and
gestures do not affect the general perception of expressive
strength, which is different from what the alternate hypothe-
ses put forward.

4.3 Experiment 3: Adequate Perception with
Dynamically Expressive Change

Multi-modal expressions in real human communication
momentarily change in strength. For a personified medium
to express itself naturally, it is important to clarify the cross-
modal effect in regard to dynamic change. In this experi-
ment we aim to confirm the cross-modal effect on the appro-
priateness between voice and gestures with dynamic changes
in expressive strength, just as we confirmed the cross-modal
effect in the static condition in Experiment 2-I.
Hypothesis: The perceptual appropriateness between voice
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Figure 9: Perceptual Strength at Different Strength
Levels [da:bak, Expression A]
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Figure 10: Perceptual Strength at Different
Strength Levels [wh:drp, Expression B]

and gesture is higher when the expressive strength changes
corresponding to the change in another factor, and the ap-
propriateness is lower when the expressive strength values
of voice and gestures do not correspond.
Subjects: Same subjects as in Experiments 1 and 2.
Environment: Same environment as in Experiments 1 and
2.
Methods: We prepared the video stimuli for multi-modal
expressive strength accompanying changes in the correct
(forward) sequence and in the reverse sequence between voice
and gestures. The subjects evaluated the appropriateness of
the video stimuli according to the seven-level scale, in ran-
dom order.
Procedures andConditions (Video Stimulus): The video
stimuli include two types of combinations of expressive
strength: (i) pose changes from 0 to 1 when the singing voice
changes from 0 to 1; and (ii) the reverse order of (i) with
respect to the singing voice. Considering the order effect, we
also prepared video stimuli in which: (iii) pose changes from
1 to 0 when the singing voice changes from 1 to 0; and (iv)
the reverse order of (iii) with respect to the singing voice
(Table 7). These stimuli are understood to reflect changes
in expressive strength along the diagonal slopes of Figs. 6
to 8.
Instructions: We defined “appropriateness” as “the match-
ing sense of expressions between voice and gestures” as the
criterion for measurement. Subjects were instructed to eval-
uate the appropriateness of the video stimuli on the seven-
level scale based on this criterion.
Results: Figure 12 shows the results with “-” marks indi-
cating the reverse case.

To confirm the mutual effects of voice and pose with dy-
namic changes in expressive strength, we conducted a T test
with repeated measurement (α = 0.05, φ = 19), setting the
null hypothesis as “the perception of appropriateness is not
affected by differences in the combination order of expres-
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Figure 11: Perceptual Strength at Different
Strength Levels [we:str, Expression C]

Table 6: ANOVA: Test of Perceptual Strength with
Two Factors

abbr. item F-Value p-Value
da F (3,76)= .83 p = .48

A bak F (3,76)= 394.38 p < .01
Interaction F (9,76)= .14 p = .999

wh F (3,76)= 1.12 p = .35
B drp F (3,76)= 575.99 p < .01

Interaction F (9,76)= .38 p = .94
we F (3,76)= .48 p = .70

C str F (3,76)= 403.85 p < .01
Interaction F (9,76)= .64 p = .76

sive strength between voice and pose” for each Expression
from A to C.

The T values for the tests of Expressions A to C were {-
5.572, -4.887, and -7.406}, and the p values were all p < .01.
Consequently, the null hypothesis was rejected, indicating
that the difference in the combination order was significant.

These results suggest that the perceptual appropriateness
is high at corresponding strengths of vocal-gestural expres-
sions, even when expressive strength dynamically changes.
We thus confirmed the hypothesis to be correct in this ex-
periment.

5. DISCUSSION

5.1 Vocal-gestural Balance in Relation to
Perceptual Strength

We first confirmed the correspondence between the strength
of perception and the expressive strength of gestures in the
video stimulus (Test I in Experiment 1). Test II in Experi-
ment 1 revealed the correspondence between perception and
the the strength of multiple voice and gesture expressions,
just as Test I did. These results are premised on the per-
ception of expressive strength in multi-modal or uni-modal
expression, following experiments on cross-modality.

Considering the effects of voice and gestures, it is remark-
able that R2 values from the linear regression in Experiment
1 are higher in v+g than in g, although the statistical test
results do not indicate any significant difference due to the
difference in modalities. The curve representing the expres-
sive strength in g appears as a raised arc on the upper side
in comparison with v+g. Meanwhile, the perceptual char-
acteristic of the expressive strength in the singing voice is
approximated as a sigmoid function [17]. In comparison
with g, it is possible that v+g is more strongly affected by
the curve of expressive strength of the singing voice.

The results of Test II in Experiment 2 indicate a strong

Table 7: Example of Combinations in Cross-modal
Expressive Strength

Combination
Strength of Singing
Voice Expression

Strength of Ges-
tural Expression

Correct Sequence
0→1 0→1
1→0 1→0

Reverse Sequence
0→1 1→0
1→0 0→1
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Figure 12: Appropriateness at Different Strengths
with Change

effect of gestures compared to the effects of the singing voice
and their mutual effect. In other words, visual expression
is stronger than auditory expression, and the balance of the
effect between modalities is not the same in personified ex-
pressions. Considering this perceptual phenomenon, we sug-
gest adjusting the variational width of strength based on the
results of the cross-modal effect, bearing in mind the balance
between the strengths of voice and gestures.

5.2 Vocal-gestural Balance in Relation to
Perceptual Appropriateness

In contrast to the perception of expressive strength strongly
affected by gestures, the ANOVA of Test I in Experiment 2
shows there is a significant difference in the perceptual ap-
propriateness due to the interaction between the vocal and
gestural expressions. In addition, Experiment 3’s results
show that the combinations of correct/reverse sequences of
expressive strength cause significant differences in appropri-
ateness. These results mean that the combination of ex-
pressive strength in the singing voice and gestures is im-
portant for attaining the appropriateness of multi-modal
expressions, although the perception of expressive strength
is preferentially affected by gesture in our simplified cross-
modal investigation.

When the expressive strength of the singing voice is nei-
ther 0.00 nor 1.00, the expressive strength of the gesture is
appropriate for whichever of 0.00 or 1.00 is nearest (Test I of
Experiment 2). That is to say, the results do not necessar-
ily mean that all combinations of corresponding expressive
strength between the voice and gestures are perceived to
have the highest appropriateness. The results suggest the
possibility of emphasized perception in moderate expression
of the singing voice, such as 0.33 and 0.67, since the curve
of expressive strength of the singing voice was approximated
in a sigmoid function.

Consequently, for constant correspondence between voice
and gestural expressions, it might be effective to compensate
for the curve of expressive strength of the singing voice. We
suggest converting the present non-linear correspondence by
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Figure 13: Suggestion for Correspondence in Ex-
pressive Strength between Voice and Gestures

setting the morphing ratio with a reciprocal sigmoid func-
tion in the same way that the expressive strength of the
singing voice is linearized.

5.3 Vocal-gestural Mapping Strategy from the
Perception Tests

We believe that it is suitable to use the compensation de-
scribed in Section 5.2 to expand the variational width of the
expressive strength of the singing voice against that of ges-
tures, as suggested in Section 5.1, instead of simply expand-
ing it linearly, in order to achieve a multi-modal expression
that is harmonized and natural.

This suggestion is simply shown with plain and compen-
sated mappings in Figure 13, where we (1) control the shape
of the corresponding curve between expressions of voice and
gestures, and (2) adjust the variational width of the expres-
sive strength between the voice and the gesture. Detailed
experiments are needed to build an accurate model of this
adjusted mapping strategy.

6. CONCLUSIONS
In this paper, we described the perceptual evaluation of

expressive strength in multi-modal expressions, applying a
video stimulus created using the HandySinger system. This
system provides a method for personified expression using a
hand-puppet interface with simplified voice and gesture ex-
pressions. From the experimental results, we conclude that:
(i) the expressive strength of a gesture more strongly affects
the perception of its strength in multiple expressions com-
prising voice and gestures than just the strength of the voice;
and (ii) the combination of the strength of the voice and ges-
ture strongly affects the perception of the appropriateness in
both static and dynamic multi-modal expressions. Finally,
we suggested the possibility of achieving more natural ex-
pression by balancing the perceptual strength of expression
in each modality, that is, properly adjusting the expressive
strength of the singing voice against that of the gestures.

As future work, we plan to carry out a detailed investiga-
tion of how cross-modality should be validated for practical
use in personified media by applying our elementary results
as a basis. To achieve natural and life-like expressions in per-
sonified media, it is important to apply and examine the ex-
pressive characteristics of various modalities, not only voice
and gesture.
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