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ABSTRACT
We are interested in applying and extending existing frame-
works for combining output modalities for adaptations of
multimodal content on heterogeneous devices based on user
and device models. In this paper, we present Multiface, a
multimodal dialog system that allows users to interact us-
ing different devices such as desktop computers, PDAs, and
mobile phones. The presented content and its modality will
be customized to individual users and the device they are
using.

Categories and Subject Descriptors: H.5.2 [User Inter-
faces]: User-centered design

General Terms: Design, Human Factors.

Keywords: Multimodal output, device-centered adapta-
tion, user-centered adaptation, dialog system.

1. INTRODUCTION
Dialog systems that adapt appropriately to different user

needs and preferences have been shown to achieve higher
levels of user satisfaction [9]. However, it is also important
that dialog systems be able to adapt to the user’s computing
environment, because people can access computer systems
using different devices.

Existing research on device-centered adaptations ranges
from low-level adaptations such as conversion of multimedia
objects [11] (e.g., video to images, audio to text, image size
reduction) to higher-level adaptations based on multimedia
document models [3]. In our work, we are investigating
an approach that does not use either low-level adaptations
or multimedia document models. This is because low-level
adaptations are time-consuming, whereas multimedia docu-
ment models require multiple copies of the same document
that are pre-authored for different device types. Instead, we
are interested in applying and extending the frameworks for
combining output modalities [7, 10] to multimodal dialog
systems that target heterogeneous devices.
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This paper describes Multiface, a multimodal dialog sys-
tem that adapts its content and modalities based on both
users and device types.

2. ADAPTING MULTIMODAL CONTENT
Multiface customizes its content and determines the ap-

propriate modality based on individual users and their com-
puting environment. For example, if the user is using a
desktop computer with high bandwidth Internet, Multiface
can opt for heavy uses of video and audio. However, if the
bandwidth is low, a video might be substituted by pictures
with captions. In some situations, a handheld computer is
more appropriate for the user. For example, in the tutoring
domain, users might want to review their past lessons while
commuting, or need a summary of some procedures while
practicing in the real-world. The device and the intended
purpose of accessing the system will also affect the style of
the presented information. Presentation styles might range
from a declarative format (textual and lengthy) to a pro-
cedural format (more precise and imperative). Both user
and device models are taken into consideration to achieve
well-customized content and presentation.

2.1 Content Selection
Multiface’s approach to adaptive selection of content is

based upon the approach used in Equuleus [8]. Equuleus is
a system for interactive, adaptive, document presentation.
It adapts the content to individual users, based on their
level of expertise, what sections they have already read, and
how they have performed on related tests. Equuleus achieves
this by using an annotated document that uses XML tags to
indicate boundaries of sections of the document and seman-
tic (rhetorical) links among those sections. The semantic
markup is based on Rhetorical Structure Theory [6].

2.2 Modality Selection
Content modalities in Equuleus are limited to text and

image. There is no mechanism that allows adaptations of
content modalities. To do this, Multiface enhances the doc-
ument by tagging existing content units with a modality
such as text or image. Additional content modalities such
as audio, video, and summary are added to the annotated
document to allow multimodal content adaptations.

Multiface employs modality relations that are represented
as rules in its planner (a JAM agent [5]). These modal-
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ity relations are based on the TYCOON framework [7]. In
this framework, there are six cooperation types between in-
put modalities such as equivalence (each modality equally
convey the same information) and complementarity (one
modality complements another modality). These cooper-
ation types define functional relationships between modali-
ties. For example, an audio and its textual counterpart are
considered equivalent. An image and a caption are consid-
ered complementary. In the case of audio and text, they
might be presented at the same time if both modalities are
feasible for the user given the current computing environ-
ment. However, if it is not appropriate to present an audio
(e.g., when a user is in a loud environment, when a device
does not have speakers), presenting only text is sufficient.

Beside modality relations, Multiface also takes into ac-
count a device model that describes the current device of a
user. Multiface uses an object-oriented approach to device
modeling where devices that share the same properties are
grouped into a finite number of types. Each device type cap-
tures device properties at a more abstract level by classifying
devices into primary types (e.g., desktop computer, hand-
held computer, and mobile phone), defining what modali-
ties that are allowed and preferred for each device type, and
specifying other devices that belong to the existing device
type (i.e., share some modality properties) but have differ-
ent properties in some modalities. By allowed, we mean the
device is capable of presenting a particular modality. pre-
ferred means the device is good at presenting such a modal-
ity. This approach requires less effort to build a device model
and also allows specification of more devices when neces-
sary. Automated derivation from existing device models
(e.g., CC/PP [2]) to our device model is under investiga-
tion.

3. MULTIMODAL OUTPUT GENERATION
Upon selection of appropriate content and modalities, Mul-

tiface needs to produce an output that can be displayed on
various devices. Multiface employs the DOGHED system
[4] to generate output in the Synchronized Multimedia In-
tegration Language (SMIL) [1]. An example of Multiface’s
output is shown in Figure 1.
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