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Abstract

Computational Simulations of Mediated Face-to-Face Multimodal Communication

Melanie A. Baljko
Doctor of Philosophy, November 2004
Graduate Department of Computer Science, University of Toronto

Individuals who have little or no functional speech due to underlying physical disorder may in-
stead use a computational device, called a Voice Output Communication Aid (VOCA), to produce
synthesized speech. We describe a previously-unidentified set of tradeoffs that face the designers
of Augmentative and Alternative Communication (AAC) systems, of which VOCAs are one possi-
ble component. On the one hand, the mode of synthesized speech that is afforded by a VOCA can
be used to produce communicative actions that are more likely to be successfully interpreted than
those produced using other modes, especially by unfamiliar communication partners — a benefit
that can justify the often-sizeable effort that must be expended by individuals in order to use their
VOCAs. On the other hand, the use of this so-called aided mode can conflict with the simultaneous
use of the other, unaided modes, such as facial expression, eye gaze, vocalization, and gesture — a
negative effect on the interlocutor’s ability to produce multimodal communicative actions. These ac-
tions can be equally or even more effective than unimodal ones produced using synthesized speech
alone, while also requiring less effort.

The use of multimodal interfaces for VOCAs was first proposed by Shein et al. [1990]; pro-
totypes have since been developed by Treviranus et al. [1991], Smith et al. [1996], and Keates
and Robinson [1998]. We describe and formalize a previously-unidentified mechanism whereby
a repertoire of modes of articulation affords a repertoire of mode strategies. The mechanism de-
veloped here accounts for the effects of conflict among the modes in a repertoire — a situation in
which two or more modes rely on common underlying communicative effectors, as is the case with
synthesized speech and gesture. We instantiated the mechanism computationally and used it to
simulate the consequences of unimodal and multimodal VOCA interfaces on a simulated commu-
nicator’s repertoire of mode strategies. We show that, for the unimodal interfaces, empirical and
anecdotal evidence agree with the simulation results. We also show, through the simulations, that
the mechanism of mode conflict can have serious consequences for the utility of multimodal VOCA

interfaces and thus the bottleneck-reduction hypothesis.
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Chapter 1

Introduction

1.1 Motivation and Research Issues

Individuals who have little or no functional speech due to underlying physical disorder may in-
stead use a computational device to produce synthesized speech. Such devices, which are typically
referred to as Voice Output Communication Aids (VOCAs), are but one type of Augmentative and
Alternative Communication (AAC) device. Furthermore, AAC devices are but one component of
AAC systems; AAC systems also have, among other components, a repertoire of communication
strategies, which is typically adapted to each individual and his or her communication partners.

Using a VOCA, an individual can “compose” an intermediate representation of a targeted spo-
ken utterance by selecting a sequence of symbols (e.g., words that are spelled out by sequences of
letters, or phrases that are given by sequences of words or sequences of icons). Typically, VOCAs
are implemented with pre-stored vocabularies, from which words and phrases can be selected. The
intermediate representation can then be used either as the input to a text-to-speech module or as
a retreival key to an inventory of pre-stored samples of digitized speech. A VOCA is shown in
figure 1.1 below.

Initial and ongoing research efforts have focused on improvements to VOCAs and have yielded
incremental improvements with respect to AAC system effectiveness. However, improvements are
yet needed in order to achieve desired levels of AAC system effectiveness (e.g., to mitigate more
completely the functional limitations that individuals experience with respect to their ability to
engage in communicative exchanges).

In the last decade or so, some researchers have shifted their focus to the creation of VOCAs
with multimodal interfaces. This shift in focus has been spurred by the recognition that one of the
major problems with using the mode of synthesized speech is production latency. In order to pro-
duce an utterance using synthesized speech, the user must build a representation of the intended
utterance, which most often is represented textually and is subsequently passed to the VOCA’s
text-to-speech module. The complexity of the utterances that can be articulated using synthesized
speech is dependent on the types of textual representations that can be constructed, which, in turn,
are most often determined by the complexity of the pre-stored vocabulary and the user’s ability to
navigate and select elements from it. (Alternatively, the user may enter words directly, often with






