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Abstract. In this paper, we introduce an auditory browsing system for
supporting one-to-many communication in parallel with an ongoing dis-
course, lecture, or presentation. The live reactions of audiences should
reflect the main speech from the viewpoint of active participation. In
order to browse numerous live comments from audiences, the speaker
stretches her/his neck toward a particular section of the virtual audience
group. We adopt the metaphor of “looking inside” toward the direction
of the seating position with repositioned and overlaid audiences’ voices
corresponding to the length of the voice regardless of the seating of real
audiences. As a result, the speaker could browse the comments of the
audience and show the communicative behaviors when she/he was inter-
ested in a particular group of the audience’s utterances.

Keywords: Auditory space · One-to-many parallel communication ·
Browsing interface · Audience interaction

1 Introduction

Recent online communications have been developed based on multiple partici-
pants in the same thread. Especially in unofficial and online communities, there
are various discussions among numerous participants without hesitation. Thus
the methods of knowledge creation and communication are growing and wide-
ranging.

On the other hand, our face-to-face and real-space communication provides
rich expressions in each modality; however, there are several limitations of face-
to-face communications: psychological burdens, number of simultaneous partici-
pants, and the total understanding of the communication modality. The number
of participants is limited because of our recognition ability. In a university lecture
or presentation in academic societies, comprehensive understanding of the audi-
ence’s perspective and reactions is one of the important factors for interactive
communication, although the number of participants makes understanding more
difficult. In this way, potential speakers of the comments made by the audiences
hesitate to speak their statements in the main communication.
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From the speaker’s standpoint, the reactions from the audiences are impor-
tant resources for the talk. Comprehensive understanding of the reactions’ ten-
dency becomes more difficult with a larger number of participants, although the
talk without reactions may cause a disjunction of needs among members of the
audience and the speaker.

To solve these problems, there have been trials for parallel communication dur-
ing the discourse, lecture, or presentation. There have been several researches on
chat-based communication using text-based communication tools, such as Twit-
ter [1,2]. Twitter1 is a social communication tool called “micro blogs.” The silent
texts do not directly disturb the contents of the main talk. Although the audi-
ences can communicate in the chat system on the screen at the side of the speaker,
the speaker cannot look at and read the contents of the chat during her/his talk
at the same time. Moreover, linguistic information is difficult to process in our
brains during our speech. Even if the speaker can look at the screen of the chat,
the simultaneous checking for content causes confusion during the talk.

In this research, we introduce an auditory browsing interface for supporting
one-to-many communication that is parallel with ongoing lectures or presenta-
tions. Our proposed system enables one to control spatially auditory browsing
that expresses participants’ reactions through a web-audio-based sound network.
As a result, the speaker could show communicative behaviors when she/he was
interested in the audience’s utterances.

We adopted musical sounds as feedback media to the audiences’ reaction
contrary to the linguistic information. In order to represent the total tendency
of the reaction, musical sound with tonic, dominant, or subdominant harmony
is audialized corresponding to the reaction types: positive, negative, or won-
dering reactions. For browsing individual reactions, the audience members are
categorized into six groups by their reactions and the length of the reaction.

Each component sound of the harmony is assigned to a particular place in
virtual space. We adopt a metaphor of a “looking inside” gesture for the browsing
interface of individual reactions. The speaker browses the auditory sources of the
audiences’ reactions during her/his speech by moving her/his head.

2 Related Works

There are several research-fields related to our proposal. We mention both audi-
ence communication and auditory browsing systems as follows.

2.1 Audience Communication

There have been various efforts to overcome the problems in audience communi-
cation. Audience participation [3] is a simple interactive system for summarizing
audience reactions.

1 http://twitter.com/.

http://twitter.com/
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Audiences originally do not make active messages for the speaker or other
audience members, except with nonverbal and passive gestures such as eye-
gazes [4]. In contrast to passive approaches, bidirectional communication using a
“clicker” [5] has been proposed for audience communication. Special equipment
with a keypad for audience communication was introduced [6] for a virtual the-
ater. Coded signals for each member of the audience have thus been created as
a media component of audience communication; however these systems do not
consider natural interaction and freedom of expression for audience members.

There were chat-based communication trials using Twitter in parallel with
the main presentation [1,2]. Although the trials enriched discussions among par-
ticipants, it was not possible for the contents of the discussions to be reflected
in the main presentation. The speaker cannot concentrate on the conversation
among the participants at the same time as giving the speech. The verbal con-
tents of the chat-based communication would disturb the main talk.

As Baird proposed an audience for participation in music notation [7], we
adopted an auditory browsing method of musical sound during the main talk
for understanding the overall reaction and selective listening of audience groups
separated by reaction type.

2.2 Auditory Browsing Systems

There have been researches of interfaces for auditory browsing systems in the
research field of auditory display. The idea of sonic browsing [8,9] is an idea for
managing and browsing among numerous auditory sound sources. Especially for
information retrieval [9], the hyperbolic tree is an important key to browsing in
numerous sounds. Consequently, browsing in groups divided by similarity seems
to be understandable for auditory systems.

There is also an aural browsing system based on 3D auditory space with
consideration for hypermedia interfaces [10]. The idea of the 3D auditory space
was also adopted for the personal voice memo systems [11,12]. We have adopted
the virtual 3D auditory space overlaying a real space in an auditorium or lecture
hall. The spatial sound is produced in real space for understanding and sharing
the audience’s reaction.

3 System Structure

3.1 System Concept

In this system, we propose a one-to-many parallel communication based on over-
laid musical sound reflecting audiences’ reactions in the real space. The purpose of
the system is to make smoother the browsing of audience reactions by a speaker,
in order to perform an effective presentation while engaging the members of the
audience at the same time. In order to enable one-to-many communication in real
space, we propose an expressive method for reactions of enormous participants
to a presentation speaker by adopting ambient sound stimuli. Compared to vocal
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Fig. 1. System overview

sounds containing continuous pitches, musical sounds do not disturb speech or
conversation.

In one-to-many communication such as discourses, lectures, and presenta-
tions, the seating position of the audience is related to the attitude and interest
in the content [13]. We accordingly adopted a virtual arrangement of the seating
position corresponding to the reaction type of the audience regardless of the real
position, for ambient communication.

3.2 System Overview

The proposed system of the reaction-browsing interaction is implemented by
(1) an auditory browsing interface for the speaker and (2) the system that cap-
tures the audiences’ reactions.

The browsing interface consists of 1-(i) an image-based detection of the direc-
tion of the speaker’s face using a web camera; 1-(ii) the levels of interactive
browsing structured with overall, partial, and individual reactions; and 1-(iii)
spatial and musical auditory designs for each reaction level.

For capturing audiences’ reactions, we propose using two types of input from
the audiences: 2-(i) text inputs, such as chat-based communication using Twitter,
and 2-(ii) vocal inputs, such as murmured voices from each audience.

As the 3D spatial audio environment for both the presenter and the enormous
participants, the feedback sound of the audiences’ reactions is generated by four
loud speakers and the individual smart devices of the participants (Figs. 1 and 2)
by adopting a web-audio framework.

3.3 Spatial Arrangement of the Audiences’ Reactions

The first step in auditory browsing, and overall browsing of reactions, uses the
harmonic sound structure corresponding to the six reaction types. Figure 3 shows
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Fig. 2. System flow

Types of reactions

L
en

gt
h

of
co

m
m

en
ts

A C E

B
D F

Fig. 3. Individual utterances grouped by types of reactions

the arrangement of virtual groups by reaction type. The overlaid sound sources
in the real space express virtual groups by each type of reaction.

The distance from the speaker expresses the intent of the audience. Based
on this metaphor of seating position, we first prepared two levels of the distance
between the speaker and the audience members. The groups A, C, and E are
assigned to the reactive participants. We thus adopt the metaphor of seating
position to the repositioning of the audience voices corresponding to the length
of the voice regardless of the seating of real audience members.

Next, the system assigns groups by reaction type: (1) positive, (2) negative,
and (3) not understood. The groups are assigned to the horizontally spreading
groups; (1) the positive reaction group is assigned to C and D; (2) the negative
reaction group is assigned to E and F; and (3) the reaction group of wondering
feedbacks is assigned to A and B.

3.4 Background-Musical Mappings for Browsing

For a comprehensive design of the audialization of the audiences’ reactions, we
focused on the level of the reaction volume, that is total, group, or individual. In
order to produce musical feedback as an audialization of the audiences’ reactions,
the system used the software MIDI2 instrument in the PC with Pd-extended3.

2 Musical Instrument Digital Interface.
3 Pure Data (aka Pd) is an open source visual programming language. http://

puredata.info/.

http://puredata.info/
http://puredata.info/
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Table 1. Musical sound mappings for gradually integrated audialization

Steps in audialization Sound localization Type of sound Instruments

Total reaction Virtual position of
the group

Harmonic chord Strings

Sound for reaction
numbers

Real position of
each seat

Stepwise melody Keyboard
instrument

Table 2. Mappings of harmonic structure for reaction types

Reaction type Negative Positive Wondering

Reaction length long short long short long short

Reaction group A B C D E F

Mapped key B A C G D F

Corresponding to the selected level of the reaction volume, the system switches
the sound for ambient communication, as shown in Table 1.

Audialization of Overall Reactions. As an overall reaction, the system
makes musical harmony by the reactions with positive, negative, and confused
nuances. The virtual positions of the reaction sounds are set as shown in Fig. 3,
and the musical note of the reaction is assigned by the reaction type and length
as same as the virtual position of the reaction group as shown in Table 2.

The musical notes are considered for the combination effects of the harmony.
The harmonic structure is prepared based on C5. A stable impression by tonic
harmony is caused by the positive reactions with C and G. An unstable impression
by sub-dominant harmony is caused by the wondering reactions with F and D.
An inharmonic impression is caused by the negative reactions with G and E.

The number of the reacting audiences is reflected to the number of multiple
octaves from 0 to 5. Thus the different nuance of the harmony is expressed by
the combination of the reaction rate. For expressing a continuous state of the
total reaction, the musical notes use “strings” in MIDI software instruments.

Audialization of Group Reactions. The second step, partial browsing,
enables one to focus on a particular type of reaction. In this step, the indi-
viduals in the speaker’s selected group are audialized using melodic notes while
a harmony of the total reaction is played at a lower volume. Musical notes in
the harmonic scale, which correspond to the number of the participants in the
reaction group, are played back in a stepwise loop sequence based on the real
seat-position of the reacted participants in the group.

In this step, the harmonic code of stringed instruments is changed by adjust-
ing the base sound; that is, the assigned key to the group in Table 2. A major
or minor code is selected by the circle of fifths, one of modulatory spaces.
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To front-left(A) To front-center(C) To front-right(E)

To backward-left(B) To backward-center(D) To backward-right(F)

Neutral position

Fig. 4. Head gesture for directions of audiences’ groups

The melodic sound is generated by the number of the reacted audience mem-
bers within 16 steps and 240 [bpm], with looping. Each note indicates each
reacted audience with sound localization by her/his real seat. The musical notes
for the loop melody are selected from constituent members of the harmony using
“piano” in MIDI software instruments.

When the speaker faces the direction of a particular audience with a reactive
melody, the speaker can finally access each murmured voice and asynchronously
communicate with the participants.

3.5 Auditory Browsing Interface

The system adopts an image-based face-tracking method using FaceAPI4 and a
simple detection of speech intervals for a browsing interface of the presenter. The
stepwise browsing of detailed reactions enables the presenter to make unconfused
speech with appropriate communication with the audience.

The harmonic sounds expressing overall reactions are heard when the pre-
senter speaks with her/his head at the neutral position (the first step).

In order to browse and select a particular reaction group, the speaker inclines
her/his head as though she/he were looking into a particular section of the
group, as shown in Fig. 4. When a duration of the gesture continues more than
two seconds within a segment of the speech, the browsing mode of the sound
feedback changes into the selected group (the second step).
4 Seeing Machines, FaceAPI, http://www.seeingmachines.com/product/faceapi/.

http://www.seeingmachines.com/product/faceapi/
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Fig. 5. Means of 3D coordinates for eyes, nose, and mouth

Fig. 6. Horizontal and vertical angles of the head for each direction

When the presenter gazes at a particular participant in connection with a
musical note in the second step, she/he can listen to the raw reactions of individ-
uals (the third step). In this step, the speaker inclines her/his head toward the
real seating position of the audience members who have made some comments.

Figures 5 and 6 show the mean positions and directions of the speaker’s head
toward each reaction group. Support vector machine (SVM) is used for automatic
estimation of the speaker’s gesture. The narrower range of features in looking
into a particular group makes it more difficult to select the group; a wider range
makes it more difficult to recognize the speaker’s gesture.

3.6 Separation of the Reaction Types

To capture the reactions of the audiences, we focused on their murmured voices.
Prosodic analyses show effective results [14, etc.] and there have been trials to
make systems with automatic recognition [15, etc.]. We focused on the prosodic
patterns of the ending of words [16] in order to classify them into (a) posi-
tive, (b) negative, or (c) confused reactions. The sources of the voice data are
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captured through each individual’s devices such as note PCs, smartphones, or
smart tablet, through their microphones and are sent to an auditory reaction
server.

4 Discussion

The proposed method aimed to enable speaker-audience communication by
ambient musical sound. The speaker’s interface for auditory browsing seemed to
be similar to offer the same easy control as using a joy-stick with the upper body.
At the same time, the gesture of the speaker performs the role as though she/he
were looking into and listening to the audience. The gesture of the speaker’s
attention is expected to draw tension and consciousness of the participation of
the audience. On the other hand, the gesture sometimes appears without the
intention of hearing it. To treat the gesture separately from the non-intentional
one, we should consider the appropriate duration of the stable pose.

The audience’s intention of a comment added to the main talk should be
carefully considered from the viewpoint of consensus between the user and the
system with automatic collection/recognition of her/his utterance.

The present implementation is limited to sitting speakers; however the
speaker may move and walk around in the front space of the lecture hall or
auditorium. In order to correspond to the normal talks, the system should be
considered to be attached to the speaker’s clothes as a wearable system or to
adopt a wide-range of image processing to capture similar gestures. With further
detection of the speaker’s attention and intention, it is possible to adopt gaze
direction in order to capture the natural signs of face-to-face communication.

5 Conclusion

In this research, we introduce an auditory browsing interface for supporting
one-to-many communication in parallel with ongoing lectures or presentations.
Our proposed system enables us to spatially control auditory browsing, that
expresses participants’ reactions by overlaying 3D sound using loud speakers
and individuals’ smart devices for a web-audio based sound network. As a result,
the speaker could show the attentive behaviors when she/he was interested in
the audiences’ reactions. As future works, we should develop a stable gestural
interface for the speaker walking around the lecture hall or auditorium. The
evaluation from the viewpoint of both the audiences and the speaker should be
also discussed as further possibility of the auditory and ambient communication
in parallel with the main talk.
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