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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
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the assistance of word-prediction software.)

Navigation through and selection from the pre-stored vocabulary is accomplished through a
series of input actions such as successive key presses or successive eyebrow raises. Many different
types of volitional movement, through the use of an appropriate input device, can be harnessed
as sources of input actions. These actions, however, require time and effort to produce and thus
a period of latency results, during which the utterance is composed before it is articulated by the
device. This production latency can be burdensome for the communication partner and can be
easily misunderstood (and hence be disruptive to the interlocutor’s ability to take and to keep the
conversational turn). ‘The problem of production latency could be ameliorated if the user could
provide, over a given period of time, more information to the device (where information is typi-
cally given by number and type of selectional input actions). Since the information is provided to
the device via its interface, this desire is typically expressed as a need for the interface to have a
greater “information bandwidth.” If the user could provide multiple input actions (possibly even
simultaneously), then this bandwidth could be increased. The bottleneck reduction hypothesis [Shein
et al., 1990] is that AAC devices with multimodal interfaces will offer advantages over unimodal
ones to individuals with communication disorders (so-called aided communicators). Research efforts
are underway to develop such devices (e.g., Treviranus et al. [1991]; Roy [1992]; Roy et al. [1993a,b,
1994c¢,b]; Smith et al. [1996]).

1.2 Goals of this Research

The long-term goal of this research is to develop more effective computational interventions for
communication disorders. Two goals are more immediate: to analyze and to evaluate the bottle-
neck reduction hypothesis, and, on the basis of that evaluation, to identify and formalize the factors
that determine the effectiveness of multimodal interfaces for computational AAC devices.

Figure 1.1 A Voice-Output Communication Aid (VOCA) in use. Image used with permission, in
accordance with the AT/AAC enABLES Copyright & Use Policy of the Department of Speech &
Hearing Sciences at the University of Washington (2004).
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1.2.1 Analysis of the Bottleneck Reduction Hypothesis

The motivation for the development of multimodal interfaces is based on the predictions of the bot-
tleneck reduction hypothesis. We will examine the hypothesis’ rationale and identify the theoretical
model of communication upon which it is based. This examination will show that the rationale is
based on an information-theoretic model of communication and, moreover, that it makes the faulty
assumption that the communicative process is wholly mediated by the AAC device. We will show,
through the application of Clark’s characterization of the process of communication [1996], that it
is the AAC system that truly mediates the communicative process and that the AAC device only
partially mediates the performance of some communicative actions by interlocutors. Given this,
we need an alternative characterization of the role of the AAC device. I will describe the various
characterizations of VOCAs in the research literature and show that the most valid characterization
is one in which the VOCA is seen as serving to augment an interlocutor’s repertoire of modes. The
repertoire of modes, in turn, affords a repertoire of mode strategies.

1.2.2  An Explanatory Model of the Production of Multimodal Communicative
Action

The correspondence between an individual’s repertoire of modes and his or her repertoire of strate-
gies is highly relevant for the design of AAC systems; the design rationales for clinical interventions
are based, in part, on exploiting this correspondence (i.e., they augment an individual’s repertoire
of modes in order to augment his or her repertoire of strategies).

I will develop a mechanism which establishes the connection between an interlocutor’s reper-
toire of modes and the strategies of mode use in the production of multimodal communicative
actions. I will focus on the mode strategies employed by individuals who use VOCAs, and I will
analyse the consequences of a multimodal VOCA interface on the individual’s mode strategies. In
order to do so, it is necessary to define what is meant by a mode strategy. But even before this, we
must define what is meant by a mode. We will examine how the notion of a mode of communication
has been defined in the past (Chapter 2), and then define it for our research. The definition that
will be developed here is derived from first principles, and I show that it is not appropriate for
characterizing an individual’s communicative actions: a mode of communication, as it turns out,
can only be used by participants in joint action.

When engaged in a communicative exchange, interlocutors can be seen as making use of the
available resources (their bodies and any artefacts available in the environment) to produce be-
haviours that are observable by others. These behaviours are often discrete and have been vari-
ously labeled as speech acts [Austin, 1962; Searle, 1969], conversation acts [Traum and Hinkelman,
1992], dialogue acts [Bunt et al., 1995], conversational moves [Power, 1979], and signals [Clark, 1996].
However these actions are labeled, they form the interposed elements that mediate between indi-
viduals engaged in a process of communication [Craig, 1999]. We characterize these interposed
elements as a set of temporally-coordinated sub-actions that are each specific to a particular mode
(e.g., such as sub-actions articulated using speech, eye gaze, facial expression, and gesture of the
hands, torso, and head).

The interposed elements of communicative processes are discrete, multimodal communicative
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actions. An interlocutor’s own body provides the resources which make the modes available (e.g.,
the body effectors that underlie the use of speech, gesture, facial expression, and so on). Interlocutors
who do not have physical disorders have unfettered use of their body effectors (although effects
due to fatigue do occur). Interlocutors who have physical disorders can be seen as experiencing
constraints with respect to their body effectors, which in turn affects the availability of their modes.
I will develop a framework in which VOCAs are characterized as affording an additional aided
mode of synthesized speech. Empirical evidence shows that aided communicators make use of all
of their modes of communication — both the aided mode and the unaided modes. Furthermore,
these modes are not necessarily used in isolation; in fact, multiple modes are typically used, com-
bined in a variety of ways. It is more accurate to characterize individuals as using mode strategies,
rather than making use of modes, per se.! A mode strategy is not just which particular combination
of modes is used, but also how the modes are used (e.g., whether redundancy has been used or not,
a notion that will be defined in subsequent chapters). The selection of mode strategy is an issue
not only for individuals who use communication devices (and who have both aided and unaided
modes), but for interlocutors in general. There is a multitude of different mode strategies; their
identification and classification will be-discussed in Chapter 2 and is an area of ongoing research.

Anindividual with a communication disorder, even if not using an AAC device, has an already-
existing repertoire of modes, which, in turn, affords a repertoire of mode strategies. This repertoire
consists of unaided-unimodal strategies (i.e., the use of an unaided mode in isolation) and unaided-
multimodal strategies (i.e., the use of unaided modes in combination). The use of an AAC device —
whether it has a unimodal or multimodal interface — affords the additional aided mode of synthe-
sized speech. Thus, an individual who uses such a device augments his or her repertoire of mode
strategies with the aided-unimodal mode strategy (i.e., the use of the aided mode in isolation) and
various aided-multimodal strategies (i.e., the use of the aided mode in various combinations with the
other unaided modes).

1.2.3 An Analysis of the Design Process for AAC Systems

The stated goal of an AAC intervention is to circumvent the limitations that an individual experi-
ences with respect to his or her ability to fulfill social roles or to perform tasks. I will examine how
this intervention goal is accomplished and will show that approach is to consider the single, soli-
tary unimodal-aided mode strategy as a replacement for the individual’s already-existing repertoire,
and then to focus on improving and further developing this mode strategy. However, I will argue
that a better way to accomplish the intervention goal is to augment the individual’s repertoire of
mode strategies (e.g., so that the repertoire is serviceable in all of the scenarios and with all of the
communication partners that the individual will encounter). Furthermore, I will analyse the design
process for AAC systems, in order to determine how this goal is met and how it might incorporate
the design of multimodal VOCAs in the future.

I will show that there are subtle issues in the augmentation of mode strategy repertoire. In par-
ticular, the operation of a typical, unimodal VOCA requires the individual to look down, which
means that the mode of gaze cannot be used simultaneously. Also, the AAC device requires input

'E.g., the use of the mode of synthesized speech entails the use of a mode strategy (namely, the isolated use of the mode).
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actions (typically performed by the hands), which means that gesture cannot be used simultane-
ously. Thus, the use of the aided mode conflicts with the simultaneous use of the other modes.
This means that if a multimodal-aided strategy is to be used, the use of the unaided modes must
either precede or follow the use of the composition phase required for the aided mode. Typically,
the use of the unaided modes follows the composition phase (for instance, the unaided modes are
used to modulate the meaning of the synthesized speech). According to the bottleneck-reduction
hypothesis, a multimodal device is expected to afford a more effective unimodal-aided mode strat-
egy. However, I will show that what the hypothesis does not acknowledge is that the use of the
multimodal device will conflict more with the other modes, and thus, reduce (relative to the uni-
modal device) the interlocutor’s repertoire of multimodal-aided mode strategies. I will show that
this global assessment of an AAC device’s impact (i.e., an evaluation in terms of the device’s impact
on an individual’s repertoire of mode strategies) is crucial to the evaluation of an AAC system’s
effectiveness (as opposed to its local effectiveness — its utility in a particular communicative con-
text). I will also show that a computational simulation tool, provided appropriate techniques to
characterize mode strategies are developed, can be used to evaluate global effectiveness, and thus
can complement existing, empirical evaluation techniques. The need for such simulation tools is
a logical consequence of the increasingly apparent need for a more principled approach to AAC
system design [Light, 1999].

1.24 A Technique for Characterizating Strategies of Mode Use

As described above, a VOCA serves to augment an individual’s repertoire of strategies of mode
use (albeit indirectly — the VOCA affords an additional mode of articulation, and the augmented
repertoire of modes affords an augmented repertoire of mode strategies). [ will show that, given
a particular communicative context, each mode strategy has its advantages and its disadvantages.
For instance, the unimodal-aided mode strategy (i.e., the use of synthesized speech in isolation) has
an important advantage over the other mode strategies, such as those that are based on gaze, facial
expression, vocalizations, and gesture: using it, a individual can accomplish things that would
otherwise be difficult or not possible at all through the use of the other mode strategies. But this
mode strategy can be physically demanding and fatiguing to use. Furthermore, this mode strategy
also might not be necessary with certain communication partners (e.g., the other mode strategies
might suffice).

I will identify different consequence attributes? (e.g., with respect to fatigue and to understand-
ability) that follow from the use of a mode strategy and describe a technique for combining the
attribute-specific values into a single value, which, in turn, can be used to characterize the mode
strategy. By applying the characterization technique to each mode strategy in an interlocutor’s
repertoire, [ will characterize the interlocutor’s repertoire in a way that permits comparison with
other possible repertoires. I will show that one way to compare and to contrast various AAC de-
vices (such as unimodal and multimodal AAC devices) is with respect to their relative impacts on

2In the literature on decision theory, and in later patts of this dissertation, a course of action (e.g., such as the use of a
particular mode strategy) is described as having one consequence which has multiple attributes (as opposed to a course of
action having several consequences). Furthermore, each of the atiributes of the consequence has value, which is used to
quantify benefit or shortcoming.
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an individual’s repertoire of mode strategies.

We will introduce the notion of mode strategy selection: an aided communicator, when design-
ing his or her communicative actions, is considered to be a decision maker who chooses among
a set of alternatives in light of their possible consequences. I will address the question of which
alternatives (i.e., strategies of mode use) are afforded to the aided communicator, in the context of
a particular instance of decision making, as a function of his or her repertoire of modes. I will also
address the question of how the three models of decision making (decision under certainty, deci-
sion under risk, decision under uncertainty) might be applied to the task of choosing from among
this set. Last, I will address the question of how should AAC devices be designed so that an indi-
vidual’s augmented repertoire of modes will afford “good” sets of alternatives in all of the contexts
in which communicative actions are to be produced (i.e., in all of the contexts in which decisions
are to be made).

1.2.5 Demonstration of Bottleneck Reduction by Computational Simulation

In section 1.2.3, the need for a computational simulation tool was identified, and in section 1.2.4,
the need for techniques to characterize mode strategies was identified. As proof of concept, I will
create a computational instantiation and demonstrate its utility in a novel application — a compu-
tational simulation tool that demonstrates the hypothesized relative merits of the various strategies
of mode use that are available to a given individual (where that individual makes use of a given
VOCA). I will represent a variety of degrees of physical disorder and a variety of unimodal and
multimodal AAC devices. I will show that by manipulating the characteristics of the device (each
corresponding to a possible AAC device design), the consequences of various possible designs can
be demonstrated through computational simulation. I will also describe an evaluation technique
that can be used to establish the usefulness of the computational tool, and apply it to the extent that
is possible, given the currently available empirical data. ‘

1.3 Overview of Contributions

The next five sections briefly outline the five main contributions of this dissertation.

1.3.1 Theoretical Foundation for Analyses of Multimodal Communicative Ac-
tions

The first major contribution of this dissertation is a new, theoretically-grounded definition of the
modes of communication, and an analysis which distinguishes the notion of a mode of communi-
cation from the related, yet distinct, notions of a mode of articulation and a channel of communi-
cation. Previously in the research literature, the notion of the modes of communication has either
been poorly defined or not defined at all.

The notion of a mode of communication is analysed and a definition is derived that is based
on a formal model of the process of communication. According to this definition, a mode of com-
munication can only be used by participants, collectively, in joint action. This notion of a mode of
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communication is shown to be incompatible with the notion that is needed in order to characterize
an individual’s communicative actions as compositional (composites of multiple, mode-specific ac-
tions). An individual, ultimately, produces a communicative action autonomously; thus, the modes
of communication cannot be used to characterize this autonomous action. To meet this need, the
notion of a mode of articulation is defined and distinguished from a mode of communication; these
are both clearly distinguished from the channels of communication. A criterion for the identifica-
tion of multimodal synergy is given.

The dissertation proposes a novel model of the communicative resources that an interlocutor
has for the production of multimodal utterances, and links this resource model to a formal model
of the production process that is based on the mechanism of constraint satisfaction. Through this
linking, the resources available to an interlocutor are set up as a parameter of the production pro-
cess. This parameterization is a new feature, a feature that builds upon present formal models of
multimodal utterance production. This process of constrained multimodal utterance production
has not previously been modelled formally. In addition, previous formal models of multimodal
utterance production have not accounted for the role of physical disorders.

1.3.2 An Alternative Model of AAC Interventions

The dissertation analyzes the characterization of dysfunction in communicative processes and
shows that any such characterization necessarily entails the assumption of an underlying model
of the process of communication. Three different characterizations of dysfunction are identified,
each one based on a different model of the process of communication. One such characterization
is based on a novel application of Clark’s [1996] Contribution Model. This characterization of dys-
function suggests a different strategy for intervention, one based on augmenting the interlocutors’
ability to collaborate, as opposed to attempting to augment directly their ability to communicate.
This characterization contrasts with the information-theoretic characterization of dysfunction (i.e.,
as problems with information “through-put”), upon which the so-called bottleneck reduction strat-
egy for AAC design is based. The dissertation provides an analysis of the merits of the bottleneck
reduction strategy, and identifies the issue of mode conflict, which can have serious consequences
for the conceptualization of the effectiveness of AAC systems. '

According to the framework that will be established in chapter 3, the goal of clinical interven-
tions for communication disorders is to augment an individual’s repertoire of strategies, so that
he or she is better able to achieve his or her goals (where the satisfaction of most of these goals, if
not all of them, involves participation in communicative exchanges, or conversations® more gen-
erally). One approach is to augment the individual’s repertoire of modes with an additional, aided
mode.* As the next section will show, this novel characteristization of clinical intervention was
foundational to the identification of a role for computer-assisted AAC design.

3Conversation is characterized as “the free exchange of turns among two or more participants” [Clark, 1996, p. 4]. The
connection between the process of communication and the activities that individuals undertake to satisfy their goal is de-
scribed in section 2.3.

4Other approaches include the removal or reduction of barriers to communication, adaptations to an individual’s en-
vironment, and further development of an individual's natural abilities through training [Beukelman and Mirenda, 1998].
Clinical interventions are described in section 3.2.
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1.3.3 Analysis of the AAC Design Process

The dissertation describes a novel analysis of the process whereby AAC systems are designed. In
this analysis, the main phases of software design were identified in the AAC design process: re-
quirements analysis, specification, implementation, and evaluation. This analysis yielded a much
more concise, formal description of the inputs and parameters of the design process than has been
previously described in the research literature. This more-specific formalization has provided the
basis for identifying and formulating two different types of AAC system effectiveness, which have
been labelled here local and global. Global effectiveness concerns the AAC system’s impact on an in-
dividual’s repertoire of mode strategies, for use across all relevant communicative scenarios. (Local
effectiveness concerns the AAC system’s impact on the individual’s repertoire of modes strategies
in a particular communicative scenario.) The importance of evaluating global effectiveness, as well
as the difficulty in doing so, is the main motivation for developing computational simulation tools
for use in AAC design. In effect, the dissertation identifies the need for computer-assisted AAC
design and describes a form which computational tools might take.

1.3.4 A Novel Technique for Characterizing Mode Strategies

The dissertation provides a technique for characterizing (qualitatively and quantitatively) the dif-
ferences among an interlocutor’s various strategies of mode use — that is, the strategies an individual
may potentially use when producing multimodal communicative actions. The technique focuses
on the mode strategies of individuals who use Voice Output Communication Aids, which include
both aided and unaided mode strategies. These two types are distinguished on the basis of whether
the VOCA is used or not.> Previous researchers have identified and analysed various outcome
attributes with respect to aided communicators’ communicative actions; some of these attributes
concern the aided communicators’ use of mode(s). The dissertation provides a decision-theoretic
formulation in which multiple, relevant attributes of mode strategies are identified and synthe-
sized, thus allowing the merits of the various mode strategies to be evaluated relative to one an-
other. Previous approaches to characterizing the communicative actions of individuals who have
communication disorders have presupposed a message-passing model of communication and have
focused on the “bandwidth” of the unaided and aided modes. In doing so, these approaches have
focused on the individual’s modes of communication (or at least a subset of them). By contrast, the
focus of the characterization technique is on the repertoire of mode strategies that is afforded by these
modes of communication.

This characterization technique is needed if we are to take into account a crucial fact about
the context in which AAC devices are actually used: AAC devices are used during the course of
a face-to-face communicative exchange. (In fact, the device serves to mediate, albeit partially, the
communicative exchange.) The dissertation identifies a duality with respect to AAC devices: they
are simultaneously devices with which users must interact (and thus, the user’s interaction with
them needs to be evaluated), and they are also a component of a system that serves to mediate

5This term denotes that the individual’s repertoire of modes is augmented through the availability of a communication
aid. This term does not imply that the use of the mode of synthesized speech — the aided mode that is afforded by the device
— is necessarily a component of all of the mode strategies in his or her repertoire (e.g., an individual may elect to use his or
her other, unaided modes, either in isolation or in combination).



1.4. OUTLINE OF THE DISSERTATION 9

communicative exchanges (and thus, the user’s contributions to that communicative exchange,
both mediated by the device and unmediated, need to be considered).

If the aided communicator employed solely the mode of synthesized speech, then the human—
computer interaction aspects of AAC devices would subsume the aspects that concern mediated
communication. The rationale for multimodal interfaces for AAC devices would be compelling.
However, interlocutors make use of a variety of mode strategies in their repertoire, and, as this dis-
sertation shows, adding multimodality to the interface of the AAC device might affect that reper-
toire in subtle ways. This dissertation identifies the fact that there are the tradeoffs between the
aided mode strategy of synthesized speech and the other multimodal-aided strategies and demon-
strates, through example and formal analysis, that improvement with respect to the aspect of band-
width in the human—computer interface may come at the expense of the mediated communicative
exchange (e.g., by virtue of an overall deleterious effect on an interlocutor’s repertoire of mode
strategies). By considering the mediational aspects of AAC devices, the dissertation exposes the
hidden costs of multimodal interfaces.

In sum, one challenge of this work has been to determine the effects of AAC devices in terms of
their effects on interlocutors’ repertoires of mode strategies (rather than in terms of their effect on a
particular mode strategy: the isolated use of the mode of synthesized speech). The characterization
technique provides an answer to this challenge.

1.3.5 Computational Instantiation of the Characterization Technique

This dissertation also presents a computational instantiation of the characterization technique and
demonstrates the utility of the technique in a novel computational simulation tool that demon-
strates the hypothesized relative merits of the various strategies of mode use that are available
to a given individual. The characteristics of the VOCA and the individual’s capability with re-
spect to the other, unaided modes are parameters to the tool. The characteristics of the device are
manipulated, and the consequences of various possible designs are demonstrated through com-
putational simulation. Although simulation tools have been developed to model certain types of
human-computer interaction (e.g., for use as an aid for the design of application interfaces), none
have been developed for human-VOCA interactions (e.g., for use as an aid for the design of AAC
systems). The need for such simulation tools is a logical consequence of the increasingly apparent
need for a more principled approach to AAC system design [Light, 1999].

The computational tool is evaluated to the extent that is presently possible, given the currently-
available empirical data. The evaluation establishes that the characterization technique does indeed
account for the known advantages and disadvantages of various strategies of mode use.

1.4 OQutline of the Dissertation

Chapter 2 provides a definition of the modes of communication and an argument that these modes
can only be used by participants, collectively, in joint action. The theoretical consequences of this
definition are described (essentially, the notion of a mode of communication cannot be used to
characterize an individual’s autonomous action, and the notion of a mode of articulation must be
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defined and used instead). This chapter also provides a definition of the channels of communica-
tion and distinguishes them from the modes. It also provides a discussion of multimodal synergy
and a criterion for its identification.

Chapter 3 provides an overview of Augmentative and Alternative Communication systems and
situates them as but one type of clinical intervention for communication disorders. This chapter
argues that AAC systems in fact mediate communicative exchanges (rather than merely serving
as a prosthesis for the voice) and describes some of the characteristics of AAC-system-mediated
communicative exchanges. The process of the design of AAC systems is discussed and analysed —
the analysis distinguishes between the evaluation of an AAC system'’s local and global effectiveness
(e.g., with respect to effect on the individual’s repertoire of mode strategies). The chapter concludes
with a proposal to use computational simulations to gather information about an AAC system’s
global effectiveness.

Chapter 4 describes in detail the bottleneck reduction hypothesis, which is essentially that mul-
timodal AAC devices will be more effective than unimodal ones. In this chapter, an analysis of
the rationale for multimodal interfaces for AAC devices is presented; this analysis demonstrates
that multimodal AAC devices, while possibly improving the utility of the aided mode in isolation,
might have a detrimental effect on'an individual’s other mode strategies. The chapter provides a
formal model of the relationship between an individual’s resources for communication and his or
her repertoire of mode strategies. The chapter also identifies several outcome attributes of mode
strategy use that are relevant to aided communicators and describes a multi-attribute model for
characterizing an interlocutor’s repertoire of mode strategies with respect to the performance of a
particular type of communicative action. The technique for characterizing the mode strategies in
an interlocutor’s repertoire is based upon this multi-attribute model.

Chapters 5 and 6 describe a computational instantiation of the characterization technique. The
instantiation is situated as a component of a multimodal surface realization module in the architec-
ture of a communicative agent. The agent architecture is defined as part of a simulation package,
MSIM, which is also described in the chapter. The package is used in simulations of multimodal
communicative agents engaged in joint activity with one another.

Chapter 7 describes the use of MSIM to investigate the global impact of the effect of changes in
an individual’s communicative resources on his or her repertoire of mode strategies. These com-
municative resources may include the use of an AAC device. The chapter describes the parameter
value assignments for several simulation conditions. The results for each of the conditions are
presented and discussed. The qualitative evaluation demonstrates that the characterization tech-
nique successfully captures the tradeoffs between the advantages and disadvantages of each of the
agent’s available mode strategies. The qualitative evaluation also demonstrates that the character-
ization technique is sensitive to the features of the current communicative scenario.

Chapter 8 describes aspects of this dissertation that require additional research, and closes with
a summary of the dissertation.



Chapter 2

What is Meant by a Mode of
Communication?

2.1 Overview

The focus of this chapter is defining and discussing the notion of a mode of communication, and
distinguishing the modes of communication from the modes of articulation, the modes of sensory-
perception, and the channels of communication.

Section 2.2 will define the term mode: a mode, according to lexicographers, is a manner in which
a process is performed or is carried out. Thus, the use of the term implies that there is a pro-
cess for which different manners are being identified and distinguished. (The misuse of the term
modality is discussed in section 2.2.2.) Thus, the phrase modes of communication should refer to the
manners in which the process of communication can be carried out, the phrase modes of articula-
tion to the manners in which the process of articulation can be carried out, and the phrase modes of
sensory-perception to the manners in which the process of sensory-perception can be carried out. The
modes of communication should not be equated with the modes of articulation (nor the modes of
sensory-perception) because the process of communication cannot be equated with the processes
of articulation (nor sensory-perception). The section will argue that a definition of the modes of
communication should start from a characterization of the process of communication. -

Section 2.3 will provide an overview of Clark’s [1996] characterization of communication as an
emergent process of joint activity and relate this model to information-based models and Speech
Act Theory. The definition of the modes of communication will start from Clark’s characteriza-
tion. This section will argue that the modes of communication must be manners of acting jointly.
Section 2.4 will discuss the notion of a channels of communication.
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2.2 The Term Mode

2.2.1 Basic Definition

Subsequent sections will discuss and analyse the advantages and disadvantages of the use of syn-
thesized speech by individuals with physical disabilities. Synthesized speech is produced with a
Voice-Output Communication Aid (VOCA), which will be further described in section 3.3.5. In
these future discussions, we will show that synthesized speech can be considered to be a mode
just like any other — gesture, facial expression, vocalization — albeit a mode with special prop-
erties. It will be described as an aided mode, whereas gesture, facial expression, and vocalization
(among others) will be referred to as unaided modes. In the following sections, these modes will be
described further; here we explicate the notion of a mode further.

According to one sense identified by lexicographers, a mode of some activity or process is a
manner in which that activity or process is carried out.! The term mode is used in a wide variety
of contexts: modes of travel (e.g., the manners in which one can travel, such as taking a train,
bus, or airplane), modes of operation (e.g., the manners in which a machine or device might be
operated, such as a digital camera in snapshot or in video mode), modes of payment (e.g., the
manners of paying for something, such as cheque, cash, or money order). Note that according to
this definition, a mode is inextricably connected to a process ~— a mode is not simply a mode but a
mode of some process. Also note that the identification of a repertoire of modes with which a process
can be carried out serves to characterize the process.

2.2.2 An Inaccurate Use of the Term Modality

Lexicographers define the term modality as the property of being modal — i.e., modality is a property
of a process or activity. For a particular process, if manners can be distinguished in which that
process can take place, then that process has the property of having modes and thus has modality.
In the subsequent discussions, the term modality will be used this way rather than to refer to any of
the modes themselves. This practice differs from the research literature, in which the term modality
is often used in the latter way. For example (with emphasis added):

e “The term modality ...refer[s] to the sense by which information is perceived” [Dannenberg
and Blattner, 1992, p. xxiv]

e “amodality is a process for analyzing and producing churks of information” [Martin et al., 2001,
p-2]

e “her performance in the oral modality was difficult to assess so her [performance] was inves-
tigated in the written modality” [Brédart et al., 1997, p. 212]

1 According to the Oxford English Dictionary [1989, sense 4 (a)], a mode is “a way or manner in which something is
done or takes place; a method of procedure in any activity, business, etc.” According to Webster’s Seventh New Collegiate
Dictionary [1967, senses 1 (a~c)], a mode is “a manner, way, or method of doing or acting: modern modes of travel”; “a
particular form, variety, or manner: a mode of expression” or “a given condition of functioning; status: The spacecraft was
in its recovery mode”.



2.2, THE TERM MODE 13

s “Modality refers to the type of communication channel used to convey or to acquire infor-
mation. It also covers the way an idea is expressed or perceived, or the manner an action is
performed.” [Nigay and Coutaz, 1993, p. 172]

We might surmise that, in assertions such as those above, the term modality was erroneously
considered to be synonymous with the term mode, and the authors treated them as interchangeable.

2.2.3 Lack of Consensus

Several researchers have commented on the lack of consensus on the meaning of the term mode
(e.g., Dannenberg and Blattner [1992]; Edwards [2002]). This lack of consensus has been noted both
within particular research communities (e.g., Human-Computer Interaction and Augmentative and
Alternative Communcation) and between research communities. An analysis of this lack of consen-
sus can provide additional insight into the notion of a mode and a reconcilation of differences.

The lack of consensus has two possible explanations. One is that researchers simply don’t agree
with the basic definition given here: that a mode of an activity or process is a manner in which that
activity or process is carried out. Alternatively, consensus may exist with respect to the basic defi-
nition and the lack of consensus, instead, concerns which process or activity is to be characterized
by the defined modes. The determination of which of these two explanations applies is difficult,
since in most publications in which the term mode is used, an explicit definition is not provided, nor
is the process or activity that is being further characterized explicitly identified. A careful reading
of the literature suggests that it is the second explanation is the correct one. For instance, speech and
writing are identified as modes in aphasia studies — they distinguish among the manners in which
an individual’s language production facilities may be selectively affected — and speech comprehen-
sion and reading are also identified as modes — they distinguish among manners in which language
comprehension takes place (see [Swindell et al., 1998]).2 In computer-assisted instruction, text and
graphics have been identified as modes — they are the manners in which the system can provide
instructive material to the user. In analyses of the communicative strategies of bilingual speakers,
the different types of language used (e.g., spoken or signed) have been referred to as modes — they
distinguish among the manners in which the speaker could engage a communication partner [Grif-
fith, 1985]. In human-computer interaction, the manners in which human users can perform input
actions, such as keyboard and mouse, are referred to as modes, and the manners in which the sys-
tem can respond to the user, such as text, graphics, and auditory cues, are also referred to as modes.
(These two processes — the provision of information to the computational system from human
user, and the perception of information by a human user from the computational system — can be
conflated. For example, a mode “is seen as a process for analyzing and producing chunks of infor-
mation” [Martin et al., 2001] (emphasis added).) In these examples, the characterizations of a mode
are consistent (as manners in which a process or activity is carried out), but the processes that have
been characterized differ. The modes that are identified in one context of use need not correspond
to those in another, since the processes that they serve to describe and to characterize might differ.

2Swindell et al. [1998] actually used the term modality, but the assumption has been made here that the term mode was
intended. See section 2.2.2,
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2.3 Defining the Modes of Communication

2.3.1 Overview

It follows from the basic definition of a mode that was given in section 2.2.1 that a mode of commu-
nication must refer to a manner of communicating. Thus, the definition of the modes of communi-
cation depends on a characterization of the process of communication itself.

In the following subsections, the process of communication will be distinguished from the re-
lated, yet distinct, processes of articulation, cognition, and sensory-perception (which, although
involved in the process of communication, are not equivalent to it). Thus, the modes of commu-
nication are related to, yet distinct from, the modes of articulation, of cognition, and of sensory-
perceptual processing.

A characterization of communication will also provide the basis for a model of dysfunction in
communication, to explain the ways in which the process of communication can be affected by
dysfunction (e.g., the chronic occurrence of misunderstandings, or the inability of interlocutors to
advance the satisfaction of their joint goal). Such models are important, since they provide the
rationales behind clinical interventions for communication disorders (to be described further in
chapter 3). Despite their importance, they are yet insufficiently developed [Light, 1999].

2.3.2 Interposed Elements

Whether the process of communication occurs face-to-face or through “technological media”, it al-
ways involves interposed elements that mediate between individuals [Craig, 1999, p. 126, 143]. These
interposed elements are produced by and perceived by the participants and form the “currency”
of communication. The interposed elements also serve as a de facto definition of the context of a
communicative process — i.e., context is everything that these interposed elements are not.

The production and the interpretation of these interposed elements have been characterized in
different ways, and each characterization typically has its own term for the interposed elements.
They have been variously identified as messages [Beukelman and Mirenda, 1998], speech acts [ Austin,
1962; Searle, 1969], conversation acts [Traum and Hinkelman, 1992], dialogue acts [Bunt et al., 1995],
conversational moves [Power, 1979], and signals [Clark, 1996]. Various models of the communication
can be distinguished by their characterization of the ways in which these interposed elements are
produced and interpreted.

2.3.3 The Information-Theoretic Model of Communication

In the simplest model of communication, which has been termed the conduit model [Reddy, 1979],
these interposed elements are seen as functioning to “transfer” messages from a source (the sender)
to a destination (the hearer). The model characterizes communication as an information process go-
ing on between at least two human interlocutors [Berge, 1994].2 By information process, we mean
any process in which information is transmitted and received. This characterization has its roots
in information theory — individuals “encode” and “transmit” messages (i.e., data packets) by per-
forming observable actions and “decode” messages by the processes whereby he or she attends to
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and observes his or her environment, forms percepts, and draws inferences from them. A system
of turn-taking serves to organize the participants in alternating roles of sender and receiver [Sacks
et al.,, 1974] (a participant is the sender when he or she has the conversational turn; speech overlap
occurs when one “transmits” messages during the other’s conversational turn).

Information processes occur when individuals simply attend to and observe their environ-
ments. If these environments happen to include other individuals, then an information processes
among individuals takes place, even when the co-present individuals perform actions without any
intended meaning. Thus, one problem for the information-theoretic model of communication is
that it over-generalizes. In communication processes proper, speakers mean things for their ad-
dressees.

Model of Dysfunction

The information-theoretic model of communication is highly prevalent in the Speech-Language
Pathology literature. Many clinical interventions for individuals with communication disorders
are characterized as providing alternative means for an individual “to compose and to transmit
messages” (e.g., see Beukelman and Mirenda [1998]; Lloyd et al. [1997]). This characterization im-
plies that, without the clinical intervention, the individual has little ability, if any at all, to compose
and to transmit messages. This view is reinforced by the strong similarity of reauditorization* to
echo-checking.® This view has also given rise to the notion of communication rate, which is used to
characterize the “speed” at which an individual is able to transmit his or her messages. Commu-
nication rate is typically measured in words per minute (wpm). But a simple count of the words
an interlocutor produces per minute, if not correlated with number or duration of his or her con-
versational turns, can be meaningless. Also, the number of words an interlocutor produces is not
necessarily correlated with the effectiveness of his or her communicative action. Furthermore, the
quantification of the number of words an interlocutor produces ignores the contribution of other
modes that might modulate the meaning of the words, such as facial expression or gestures of the
hands, head, or torso. The topic of communication rate is revisited in section 3.3.7.

This model of dysfunction suggests that clinical interventions should provide an alternative fa-
cility for message production [Arnott et al., 1988; Copestake, 1996; Todman and Alm, 1997; Vaillant
and Checler, 1995]. This approach has often been characterized as providing a voice prosthesis, speech
prosthesis, or communication prosthesis. The approach is predicated on the assumption that, just as a
prosthesis can be crafted for a missing limb, so too can a prosthesis be crafted for a missing voice
(or for a “missing” apparatus for producing communicative actions, in general). This assumption
is problematic, however. As will be described in the next chapter, individuals who have commu-
nication disorders typically still use their voices, albeit not for fully intelligible speech; they use
them for vocalizations and other sounds. So these so-called prostheses do not actually serve as

3In the subsequent discussion, the assumption will be made that communication is a process that takes place between
at least two individuals. The scenario in which an individual “communicates” with him- or herself is not considered to be
a communicative process, but rather a type of information or cognitive process that takes place within an individual’s own
mind. In addition, subsequent discussion focuses on interpersonal communication and is not meant to apply to other types
of communication, such as mass communication or film.

4Reauditorization refers to the strategy in which the communication partner repeats his or her understanding of the aided
communicator’s utterance once it has been produced [Bedrosian et al., 1992]). See p. 30.

SEcho-checking refers to a style of acknowledgment used in computer communication.
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replacements; instead, they serve to afford synthesized speech, which complements an already-existing
repertoire of manners which can be used to perform communicative actions.

2.3.4 Ways of Meaning

Grice [1957] observed that there are crucial differences between the way a person means something
to another person and the way signs (or events or other entities) mean something. Clark [1996,
p- 126] describes the difference as one between the meaning of “deliberate human acts” (such as
uttering speech or making gestures, which he calls signals®) and the meaning of “certain natural
events” (such as spots appearing on skin as a result of measles, which he calls natural signs or symp-
toms). Grice referred to these types of meaning as non-natural and natural meaning, respectively.
According to Grice, non-natural meaning can be further divided into two types, depending on the
entity that is the agent of the action of meaning something. In the first type, the speaker S means
something for another person A that p (where p denotes a proposition), where S does so by present-
ing some deliberate human action (i.e., a signal, s) to A. In the second type of non-natural meaning,
it is the deliberate human action (i.e., the signal s) that means something, where that meaning can
be paraphrased and denoted by a proposition p. These two types of meaning are connected to one
another, since a speaker can mean something only through the use of signals, and signals mean
something only because they are used by speakers to mean something [Clark, 1996, p. 128].

The formulation of what it means for a speaker to mean something for another has been the focus of
considerable attention. This is not suprising, since a formulation of speaker meaning is tantamount
to the characterization of the process of communication. One formulation that is faithful to Grice’s
original idea, but has also been amended to reflect the contributions of subsequent arguments, is
as follows [Clark, 1996, p. 129-130]: In presenting s to audience A, a speaker S means for A that p
if and only if the following criterion is satisfied: that S intends (i.e., has intention ¢) in presenting s
to A that A recognize that p in part by recognizing that intention ¢ (i.e., the intention that S intends
in presenting s to A...). The criterion has a circularity — the intention that S possesses contains a
reference to the intention itself. Thus, the crux of a speaker’s meaning is a special type of intention
— one that cannot be discharged without the audience’s participation.

Clark [1996, p. 30] used Levinson’s notion of activity type to distinguish between two types of
contexts within which actions” might be performed by an individual: as part of an autonomous
activity or as part of a joint activity. A wide range of activities are joint — two individuals playing
a piano duet, paddling a canoe together, playing catch, conducting a business transaction, negoti-
ating an agreement, gossiping, and so on. An autonomous activity (or “solo” or individual activity)
has a single participant, whereas a joint activity is carried out by two or more participants working
collectively. This is the essential quality of joint activities — that they require coordination. These
two types of activity provide two different contexts in which actions might be performed. An action

6Clark characterizes the signals {p. 155] that interlocutors produce as not necessarily consisting of acts of speech. They
may make use of any type of language, spoken or signed (e.g., American Sign Language). Clark assumes a very broad
definition of language, which includes many different types of actions, including facial expressions, co-verbal gestures,
posture shifts, and others. (These actions might otherwise be considered to be nonlinguistic, paralinguistic, or composites
consisting of both linguistic and nonlinguistic components.)

7Clark [1996, pp- 18-19] used the term “action” to refer both to single acts and to sequences of actions (i.e., activities). To
distinguish between the two senses, the term action will be used to refer to single acts or deeds, while the term activity will
be used to describe sequences of actions.
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performed as part of an autonomous activity is an autonomous action, whereas an action performed
as part of a joint activity is a participatory one. Unlike autonomous actions, the performance of a
participatory action requires coordination among the participants.

Clark [1996, p. 130] argues that the performance of the actions in communicative processes are
actually participatory actions (also described as joint actions). This assertion is at odds with our
intuitive understanding of the acts performed during communicative exchanges as autonomous
actions (e.g., acts of speaking, gesturing, and so on). This characterization of communication is also
at odds with the information-theoretic model of communication, in which the actions of encoding,
transmitting, and decoding messages are autonomous.

Clark’s characterization of communicative actions as joint actions has an important consequence
for the study of multimodal communication. If the use of a mode of communication can only be
achieved through joint action, then it must refer to a manner of acting jointly. Just as an individual
alone cannot communicate as an autonomous activity, an individual cannot “use” a mode of com-
munication. To characterize an individual as “using” a mode of communication is equivalent to
characterizing him or her as “using” a particular manner of communication. But since the process
of communication is incontrovertibly a joint activity, then a manner of communication can only be
used by the participants jointly.

2.3.5 Speech Act Theory

Austin [1962] observed that an individual’s action of speaking, under favourable conditions, may
actually do something, such as marrying a couple, making a bridge bid, or getting someone to pass
the salt, to quit smoking, or to change his or her mind. Some acts of speaking have their effects,
under favourable conditions, by changing the mental states of others, and these mental states pro-
duce an effect in the things that that people subsequently do. Austin proposed a set of mechanisms
whereby the utterances of a speaker might do this. Prior to Austin’s proposal, utterances were seen
primarily as linguistic entities that had descriptive value — as spoken versions of written state-
ments that make assertions about the state of the world; thus, utterances were often analysed with
respect to whether they reflected the true state of the world or not.

Austin showed that the actions produced by an interlocutor in a communicative exchange can
be analysed from three different perspectives. First, there is the physical action, which can be
observed by others and even measured empirically (e.g., the words used and how they are spoken).
Using Clark’s terminology, the physical action is an autonomous action. Second, there is how the
physical action has been perceived by the interlocutors in terms of its perceived function (e.g.,
whether the spoken utterance is perceived as a declarative statement, a request, or some other type
of utterance). Last, there are the consequences that follow from the percepts that the addressees
have formed, in terms of modification to their mental states (e.g., whether the addressee actually
became convinced of something) and/or to their behaviour (e.g., whether the addressee actually
does what was requested). Thus, any particular spoken utterance has effects or facets at these three
levels.

Austin originally asserted that for each single utterance, three different acts are performed
(which is another way of saying that a single utterance has three different facets):
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e The locutionary act, which is the act of saying something. The act involves the articulation
of speech sounds, which includes the use of words and syntactic constructions (and where
those linguistic entities are used with a particular sense and reference). For a locutionary act
to be performed, an interlocutor must have the means (such as speech-sound articulators) for
doing so.

e The illocutionary act, which is the act performed in saying something. An act in saying
something has a functional dimension. Examples of an act in saying something include ask-
ing, telling, suggesting, greeting, and so on. Illocutionary acts do not come info existence
simply by virtue of being performed by a particular individual, but rather are generated by
locutionary acts under certain conditions. In Clark’s terminology, the performance of an illo-
cutionary act is a joint action. The necessary and sufficient conditions for an illocutionary act
“to be performed” (jointly) rely upon both interlocutors and will be discussed below.

e The perlocutionary act, which is the act that is performed by saying something. A perlocu-
tionary act refers to the effect a speaker achieves in the listener, such as impressing them,
persuading them, or embarrassing them. While it is often written that perlocutionary acts
are performed, it is probably more accurate to say that they are produced on the basis of illocu-
tionary acts and the listener’s response to them. (This particular component of Speech Act
Theory has been the focus of criticism; see [Marcu, 2000; Gu, 1993].)

In Austin’s account, “communication” — the process whereby speech results in people actually
doing things — takes places through the effects of illocutionary acts. Searle [1969] provided an
account of the necessary and sufficient conditions for the performance of illocutionary acts. This
account includes many conditions; we will focus here on those that involve the mental states of the
interlocutors. According to Searle [1979, p. 30-31], the basis for determining whether an action is
communicative (i.e., whether an illocutionary act has taken place or not) depends upon interlocu-
tors acting with and recognizing intent. For an illocutionary act a to have been performed:®

e The speaker must intend to produce in the hearer the knowledge that the illocutionary act a
has been made to her or him.

o The listener must recognize the speaker’s intention to have performed a.

Model of Dysfunction

According to Speech Act Theory, in order for an illocutionary act to be performed successfully, the
speaker must act with intent, and the listener must recognize that intent. Thus, we can model dys-
function in communication on the basis of the ways in which illocutionary acts can be unsuccessful:

¢ An interlocutor, when in the role of speaker, incorrectly infers which illocutionary acts are
likely to bring about desired perlocutionary effects (this inability might otherwise described
as a shortcoming in rhetorical skill).

$Note that the criteria below are simply another formulation of what it means for a speaker to mean something for another;
see section 2.3.4 for related discussion.
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e An interlocutor, when in the role of speaker, performs locutionary acts from which listeners
are unable infer that the illocutionary act a has been made to her or him.

e An interlocutor, when in the role of listener, fails to recognize the speaker’s intention to have
performed a.

The successful performance of illocutionary act a requires the joint action of the speaker and his or
her communication partner (i.e., the listener); each participant must fulfil his or her role. If either
participant does not fulfil his or her role, the act will be unsuccessful.?

Speech Act Theory has had very limited use in the analysis of dysfunction in communication in
the Speech-Language Pathology research literature. An exception is the work of Light et al. [1985b],
who analysed the types of illocutionary acts that were produced by children who have communica-
tion disorders. They defined an illocutionary act to be the “speakers’ communicative intent or func-
tion” [p. 98] (e.g., request for information, provision of information, and getting attention [p. 99;
a complete inventory of the types of possible illocutionary acts was provided by the authors). In
their study, a panel of judges analysed a corpus of videotaped interactions; for each interaction, the
panel identified the communicative actions performed by the children and coded them according
to type of illocutionary act. It was found that children used a different set of illocutionary acts with
familar communication partners than with unfamiliar ones.

In order to perform an analysis that is based on the identification and classification of illocution-
ary actions, a fundamental issue must be addressed. A speaker’s illocutionary intent is an internal
mental state; it cannot be inspected directly and can only be inferred from his or her surface-level
behaviours. For this type of analysis, it is necessary to demonstrate some evidence that the infer-
ences are valid. In Light et al.’s study, high levels of inter-judge and intra-judge reliability were
found, but they did not investigate the degree to which the judges’ perceptions were consistent
with the perceptions of the communication partner (for instance, as might be inferred from the
partner’s subsequent actions), nor did they state whether the coders made use of information about
the partner’s reaction in order to code the illocutionary actions.

2.3.6 The Contribution Model

Speech Act Theory provides an account of how spoken utterances, even when highly similar in
their physical characteristics (e.g., same words and intonation), can be performed in different com-
municative contexts, with different intended meanings, and those various meanings can be success-
fully interpreted. The basic mechanism is the addressee’s successful interpretation of the intended
illocutionary intent. Allen [1994] provides an example: the locutionary act of uttering “Do you
know the time?” might correspond to several illocutionary acts, such as the act of asking a yes—no
question, the act of asking for the time, or the act of offering to tell the hearer the time. In order
for a speaker to ask for the time successfully, the listener has to recognize that it is this question is
being asked, and not the other possible illocutionary acts.

9Strictly speaking, if either participant does not fulfil his or her role, the act will be not be performed. Therefore, the act
will not even exist (let alone be unsuccessful); extant acts are successful by definition (they are successful by virtue of their
very existence, since they are brought into existence only when they are successful). Instead, we might say that the attempted
act was unsuccessful. Note that an attempt implies some sort of originating force; in this case, the origin of the attempt is
the intent of the speaker. The previous condition concerns the speaker’s ability to “orginate” approptiate attempts.
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Although Speech Act Theory connects the utterance of some words and the actual result arising
from that action, it does not explain the connection that individual actions have to one another —
e.g., as contributions to an overarching, cooperative activity rather than “a succession of discon-
nected remarks” [Grice, 1975, p. 45]. That speaking and listening are parts of a collective activity
(as opposed to separate, autonomous activities) is a tenet in the study of language use [Clark, 1992].

Clark [1996] characterizes communication as a processes whereby shared knowledge is estab-
lished and argues that this can be achieved only through joint activity. Thus, communication is an
emergent process of an underlying joint activity. Clark characterizes most, if not all, joint activities as
having a dominant goal (or domain goal), which is established at the outset of the participants’ inter-
action. (Other types of goals are also established; these are described in more detail in section 5.5.)

Empirical evidence shows that interlocutors engage in a process whereby they strive to reach
a state of mutual, shared knowledge of what was intended by the speaker of an utterance — this
process is described as grounding [Clark and Schaefer, 1989]. The hearer of an utterance cannot infal-
libly recognize the mental state of the speaker and, knowing this fact about the hearer, the speaker
cannot be sure that he or she has been understood as intended [Traum, 1994, p. 2]. Once mutual
understanding has been established, the common ground of the participants accumulates. Establish-
ing mutual understanding does not mean that the speaker and the listener must establish that the
listener’s interpretation of the speaker’s intent is exactly identical to the actual intent. Rather, the
degree to which each participant’s understanding is shared needs to be sufficient for the needs of
the communicative exchange at that moment. The degree of sufficiency can vary both within and
between joint activities. Clark’s Contribution Model [1996] describes both the sufficiency criteria
and how they are satisfied. The interlocutors advance toward the joint activity’s dominant goal by
accumulating common ground.

In order for interlocutors to add to their common ground, they employ devices for coordination. it
is from this process of coordination that communication emerges. Clark identified three such basic
coordination devices: describing-as, indicating, and demonstrating. Describing-as is a mechanism for
meaning something for another that is based on the use of a system of symbols whose meaning is
shared by the interlocutors, such as systems of spoken or signed languages, or gestures that are
used as symbols (such as head nods or the thumbs-up gesture). Clark argues that the mechanism
of describing-as also requires the use of the other coordination devices, indicating and demonstrating.
Indicating is a mechanism for meaning something for another that creates indices for the entities to
which the interlocutors want to refer. Indices are created by instruments, the most obvious ones
being the parts of the body that people can orient (e.g., the finger, hand, voice, eyes, head). These
instruments must be used within the context of a locative action such as pointing. Demonstrating is
a mechanism for meaning something for another that is based on the use of depictive actions. Just as in
the case of indicating, instruments are needed and people frequently use their bodies as instruments.

Although the coordination devices, in theory, may be used in isolation, they are most often
used in combination. In example (1) below, the two-handed gesture is being used in a depictive
capacity, the words 1, caught, a, fish, this, long are being used to describe-as (each has a meaning
in the English language), and B’s voice, having been used to utter the words, serves to locate an
entity (B himself) with the object of the symbol I, which is “oneself” (the self that is indicated by
the origin of the voice).
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(1) B: I caught a fish this long [ ].
[two-handed gesture which demonstrates length]
[Clark, 1996, p. 174]

Model of Dysfunction

A careful review of the Speech-Language Pathology and Augmentative and Alternative Commu-
nication literature has failed to find any application of the Contribution Model in the analysis of
dysfunction in communication. However, we can see that the model makes several pertinent pre-
dictions. First, one source of dysfunction might be the way in which the domain goal is estab-
lished (e.g., a participant with a communication disorder might be hindered from participating in
its establishment). Another potential source of dysfunction is the establishment of mutual under-
standing (e.g., the communication partner of an individual with a communication disorder might
incorrectly believe that common ground has been established, or an individual with a communica-
tion disorder might be unable to ensure that common ground has been established).

2.3.7 The Modes of Communication

Recall from section 2.3.4 the argument that if the process of communication is incontrovertibly a
joint activity, then a manner of communication can only be used by the participants jointly. Also
observe that the use of a coordination device is a manner of acting jointly. Therefore, the coordi-
nation devices provide one basis for a definition of the modes of communication — there are three
modes of communication, one corresponding to each coordination device.'

Recall that the use of a coordination device is a participatory action — each participant has a role
to play in its performance (the role of one is to signal'! and the role of the other is to interpret the
signal). In other words, the use of any of the coordination devices requires the use of some means
by one interlocutor whereby behaviours are produced so that they can be observed by others, as
well as the use of some means by the others whereby those behaviours can be perceived. If we
want to tease apart the modes of communication, we must also tease apart the manners in which
observable behaviours are produced (i.e., how signals are “made”, or how signalling behaviours
are “articulated”) and the manners in which observable behaviours are perceived and interpreted.

Similarly, a mode of articulation refers to a manner in which (potentially communicative) be-
haviours might be produced, and a mode of sensory-perception refers to a manner in which (poten-
tially communicative) behaviours might be perceived. The following section discusses the notion
of a channel of communication, which provides a context within which these modes can be further
characterized.

107t is ironic that, although he avoids the terms “multimodal communication” and “mode of communication” altogether,
Clark’s characterization of communication provides what appears to be the sole basis in the research literature upon which
to distinguish the different modes of communication.

1“To signal” is meant to include all of the requisite accompanying mental states concerning intent; see section 2.3.4.
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2.4 The Channels of Communication

The definition of the channels of communication that is used here is based on the notion of the
articulatory-perceptual (AP) channels — articulatory-perceptual channels are used by human in-
terlocutors when engaged in communicative exchanges [Bouchard, 1996}, although not all AP
channels are channels of communication. An AP channel is a “conduit” between one interlocutor’s
means for the articulation of communicative actions and other interlocutors” means for the sensory-
perception of the actions that have been articulated. Since interlocutors may have many means for
articulation and sensory-perception, multiple AP channels might exist between any two or more
participants. Thus, the channels of communication correspond to certain pairwise combinations of
the modes of sensory-perception and the modes of articulation.

This definition of the channels of communication differs from others in the research literature.
Dannenberg and Blattner [1992] use the notion of a channel (when characterizing human-computer
interaction) to distinguish among various sources of information that are conveyed from the interface
to the user (their examples include multiple TVs, multiple acoustic sources, and even the multi-
ple windows on a single display device). In this definition, channels are equated with means of
articulation (as opposed to articulatory-perceptual pathways). According to Nigay and Coutaz
[1993, p. 172], communication channels are “used to convey or to acquire information.” Thus, they
characterize the channels of communication both as manners of articulation (“the ways to convey
information” and as manners of sensory-perception “the ways to acquire information”).

Note that information processes (see section 2.3.3) also involves the use of channels. A pair
consisting of a mode of sensory-perception and a mode of articulation is a channel of information
provided that the mode of sensory-perception can be used to perceive actions performed using the
mode of articulation. Not all channels of information are channels of communication, however.
As described in previous sections, communicative processes involve the perception of intent and
the construction of shared knowledge. Thus, channels must be based on manners of articulating
actions that not only can be perceived by others, but also can be understood to have been performed
with communicative intent. A channel of communication, unlike a channel of information, must af-
ford to an interlocutor the possibility to act with communicative intent and for that intent to be
recognized as such. Vision and audition are the two primary modes of sensory-perceptual process-
ing for communicative actions. Touch is a third possibility; it is the basis for the Tadoma method,
which is a communication technique used by individuals with little or no functional hearing or
vision.12 Other modes of sensory-perception, such as gustation and olfaction, cannot serve as the
basis for channels of communication, since they lack a plausible corresponding means for the artic-
ulation of communicative actions (e.g., acting with intent). Thus, the auditory-oral and visual-gestural
channels are the principal articulatory-perceptual channels used by human interlocutors [Bouchard,
1996], and the wvibro-tactile channel is a third possible channel of communication, albeit one with a
highly-specialized use (e.g., for those using the Tadoma method). These channels are illustrated in
figure 2.1. The means for articulation and the means for sensory-perception are crucial components
of a channel, which is illustrated in the figure.

12The technique is based on perceiving speech by feeling the lips, jaw, and throat of a commumication partner in order
to sense the movements of and the airflow from the lips, as well as the vibrations and movements of the speech articula-
tors) [Lloyd et al., 1997].
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Figure 2.1 The articulatory-perceptual channels in human-~human communication.
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A channel is open or available from individual A to individual B when A has available the means
for articulating observable actions and B has the means for perceiving those actions. A channel is
closed or not available when either of these components is missing. The direction of a channel need
not be symmetric — a channel might be open from one interlocutor to another, but not necessarily
in the other direction. For example, the visuo-gestural channel is open from a individual who is
blind but can sign or gesture to an individual who can see, but not in the other direction, and the
auditory-oral channel is open from an individual who speaks but is deaf to an individual who
hears, but not in the other direction. For communication to take place, at least one channel of
communication must be open, in each direction, between the interlocutors.

The modes of sensory-perception can be distinguished on the basis of the different forms of
energy to which humans are attuned — e.g., different types of mechanical stimuli in the cases of
the acoustic, vestibular, somatosensory senses; chemical stimuli in the case of the olfactory and
gustatory senses; light stimuli in the case of vision [Calvert et al., 1998].1°

Figure 2.1 provides a basis for distingusihing the modes of articulation: as the manners in which
observable actions can be articulated. This approach to defining the modes will be elaborated in

13The distinction between sensory and perceptual processes, which is an issue in current research, is not addressed here.
Perceptual processes, which involve the formation of percepts on the basis of sensory inputs, can be tightly coupled to
sensory inputs, especially in the cases of multiple, simultaneous sensory inputs. Empirical evidence demonstrates that
multiple, simultaneous sensory inputs are often processed as a whole, resulting in the formation of fused percepts [Calvert
etal., 1998].
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Chapter 4. Before this, however, communication disorders and clinical interventions for them will
be described in Chapter 3. This chapter will also present Voice Output Communication Aids, and
the aided mode of synthesized speech that they afford.

2.5 Summary

This chapter presented some of the theoretical issues that concern the definition of the modes of
communication. Various definitions of the term mode were described, as were three contexts in
which the term is used (as in mode of articulation, mode of sensory-perception, and mode of commu-
nication). The meaning of the term mode from the meaning from the term modality (the two terms
are often incorrectly used interchangeably).

The modes of communication were distinguished from the modes of articulation and the modes
of sensory-perception — a relevant distinction since the modes of communication must refer to
manners of acting jointly and, as such, cannot be “used” by an interlocutor. Instead, interlocutors
make use of modes of articulation. A definition of the modes of communication was provided,
which makes use of Clark’s characterization of communication as an emergent process of joint
activity. The channels of communication were defined, which provides the basis for the definition
of the modes of articulation (to be given in Chapter 4).



Chapter 3

Augmentative and Alternative

Communication

3.1 Overview

This chapter will describe Augmentative and Alternative Communication (AAC) systems, in gen-
eral, and will identify some of the major research issues in their development.

In section 3.2, AAC systems are situated as but one possible component of clinical interventions
to communication disorders (i.e., not all clinical interventions involve the use of an AAC system).
Section 3.3 identifies communicative strategies as the main component of AAC systems. An AAC
system is, in the most abstract terms, simply a system of strategies and techniques that the par-
ticipants of communicative exchanges may employ in order to satisfy their communicative goals.
Some of these strategies incorporate the use of a computational device (which, in turn, might entail
the use of specialized techniques). With such devices, individuals who have little or no functional
speech can, through key presses or other input actions, produce synthetic speech. Although AAC
devices have a superficial similarity to “prostheses for the voice”, they, in fact, serve to mediate
communicative exchanges, albeit partially.

Section 3.4 describes the design problem for AAC systems. The parameters of the design prob-
lem are the profile of capabilities of the user and the target set of communication scenarios in which
the AAC system is meant to be used. For an AAC system to be truly effective, it must be effective in
all, and not just some, of the communicative scenarios identified in the target set. A particular fea-
ture of AAC design is iteration: effectiveness cannot easily be achieved otherwise. Thus, a crucial
ingredient in ensuring effectiveness through convergent design is useful feedback. This feedback,
unfortunately, is difficult to obtain using existing practices. One solution to this problem — the use
of computational simulations — will be proposed in the subsequent chapter.



26 CHAPTER 3. AUGMENTATIVE AND ALTERNATIVE COMMUNICATION

3.2 Augmentative and Alternative Communication Interventions

Augmentative and Alternative Communication interventions are clinical interventions that com-
pensate for a particular pattern of disability. The term pattern of disability refers to any sort of functional
limitation [RTC/IL, 2001; NCDJ, 2002; DS5-C, 1991]. A limitation is functional when it adversely
affects the individual’s ability “to perform socially defined roles and tasks within a sociocultural
and physical environment” [Beukelman and Mirenda, 1998, p. 241]. Thus, a functional limitation,
in general, is one that affects an individual’s ability to accomplish his or her goals — each role to be
filled or task to be performed is associated with some goal or goals. Functional limitations contrast
with physical impairments; physical impairments need not affect an individual’s abilities in a way
that limits the achievement of their goals.

AAC interventions are intended to compensate for disability patterns that relate to communica-
tion, and not other types of disability patterns such as those that relate to mobility (these have their
own types of clinical interventions). In other words, the functional limitations that AAC interven-
tions address are those limitations that concern the satisfaction of goals that require communicative
exchanges. The previous chapter showed that communicative exchanges emerge from underlying
joint activity. By making use of Clark’s characterization of communication, we can conclude that
the functional limitations that AAC interventions actually address are those limitations that con-
cern goals that are achieved through joint activity.

Notice that this characterization of communication-related disability patterns avoids the term
communication disorder and, thus, differs from that given by the American Speech-Language-
Hearing Association (ASHA). ASHA states that AAC interventions attempt to compensate for
... the disability patterns of individuals with communication disorders” [ASHA, 1989, p. 107]. ASHA
also characterizes individuals with communication disorders as those ”... for whom gestural, speech,
and/or written communication is temporarily or permanently inadequate to meet their communi-
cation needs” [ASHA, 1991, emphasis added, pp. 9-10].! ASHA's elaboration on the nature of a
communication disorder is circular: “individuals with severe communication disorders are those
who may benefit from AAC...” [ASHA, 1991, p. 10].

The notion of a communication disorder is paradoxical. The ASHA definition states that a
communication disorder is something that is experienced by an individual — i.e., if an individual
experiences inadequacies with respect to communication, then the cause relates to the disorder(s)
that affect(s) his or her ability “to communicate.” But, as described in the previous chapter, the
ability to communicate can be possessed only by groups of interlocutors, collectively. So the abil-
ity to communicate is not something that an individual can have, yet an individual can have a
communication disorder.?

1The wording of this definition has been slightly altered for the sake of clarity. The rationale for the modification is
discussed in appendix A.1, page 139.

2The speech-language pathology research literature tells us that the severity of an individual’s communication disorder
depends not only on the degree of their primary disorder(s) with respect to motor, cognitive, linguistic and/or sensory-
perceptual processes, but also on his or her communication partner. In other words, some patterns of primary disorders
result in a disorder of communication with some pariners, whereas other patterns of primary disorders do not. Furthermore,
for some individuals, a particular pattern of primary disorders might result in a communication disorder, whereas for other
individuals, the same pattern does not. Thus, the manifestation of a communication disorder is determined by factors
that are not solely dependent upon the individual, Instead, it is more accurate to say that a communication disorder is a
secondary disorder that manifests itself in the context of joint activity. '
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The ASHA definition also characterizes an individual as having communicative needs and iden-
tifies them as not being adequately met. But the definition should be generalized to include the
goals and joint activity more generally. Communicative exchanges arise from joint activity, and
joint activities are established to satisfy a variety of goals (not all of them necessarily associated
with the needs of the individual with the disorder).

Communication-related patterns and other patterns of disabilities are intertwined. For exam-
ple, disability patterns that are related to mobility may affect the degree to which an individual can
initiate joint activity in the first place. Although AAC interventions primarily concern compensat-
ing for communication-related disability patterns, they must be devised in consideration of other
patterns of disabilities

Functional limitations may arise as a consequence of impairment (although not all impairment
results in functional limitation) [RTC/IL, 2001; NCDJ, 2002; DSS-C, 1991]. The term impairment
refers to disorder(s) in an individual’s primary processes (i.e., an “abnormality of a body mecha-
nism”). The matter of determining the relationship between disorder(s) in an individual’s motor,
cognitive, linguistic, and/or sensory-perceptual processes and the functional limitations that he
or she experiences can be complex, because functional limitations arise in the context of an indi-
vidual’s interaction with his or her environment, which includes other individuals. Factors that
concern the environment and other individuals can compound impairment. To say an individual
has a functional limitation can be a mischaracterization if it is not qualified — an individual has a
functional limitation in a particular context.

The consequences of communication-related functional limitations can be serious, such as re-
duced independence and self-determination, and reduced ability to participate in the community,
to be part of social groups, to be gainfully employed, and to receive an education [Blackstone and
Pressman, 1995]° One proposed, yet unimplemented, approach to the evaluation of AAC inter-
ventions is to determine the degree to which the intervention brings about improvements in the
individual’s participation in the above activities [Beukelman and Mirenda, 1998]. Notice that the
activities are joint activities — again, by making use of Clark’s characterization of communication,
we can conclude that individuals who have communication-related functional limitations, in fact,
experience obstacles to their participation (or attempted participation) in joint activities.

Clark argues that conversation — characterized as “the free exchange of turmns among two or
more participants” [Clark, 1996, p. 4] — should be viewed as the “cradle of language use” [p. 9].
He assumes a very broad definition of language, that includes many different types of actions,
including facial expressions, co-verbal gestures, posture shifts, and others — essentially, any action
performed as part of joint activity. Conversation is the setting for children’s acquisition of language
and it is universal to human societies. Other settings of language use, such as lectures, speeches,
news conferences, performances, letters, and newspapers, should be seen as altered derivations
of the more-basic setting of face-to-face conversation. In face-to-face conversation, participants
share the same physical environment (Copresence); not only can participants see and hear one
another, but they can do so without perceptible delay (Visibility, Audibility, Instaneity); participants
formulate and execute their actions in real time (Extemporaneity), and these actions are fleeting
(Evanescence); a participant can perceive and produce at the same time, and the participants can do

3This description has been slightly modified for clarity.
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so simultanecusly (Simultaneity). Thus, another approach to the evaluation of AAC intervention is
to determine the degree to which the intervention brings about improvements with respect to the
conversations in which an individual participates.

When an AAC intervention is warranted, it is typically devised collaboratively, by an interven-
tion team.* Such a team consists of professionals whose specialties relate to various aspects of AAC
(e.g., speech-language pathologists, occupational therapists, physicians, rehabilitation engineers,
among many others), as well as other stakeholders (e.g., the individual with the communication
disorder, and his or her parents, friends, and caregivers).

AAC interventions are often multifaceted [Beukelman and Mirenda, 1998]. They may include
the removal or reduction of barriers to communication, adaptations to an individual’s environ-
ment, and further development of an individual’s natural abilities through training. An interven-
tion might also include the use of an augmentative and alternative communication system. An AAC
system is simply a system of strategies that can be used by interlocutors when engaged in, or at-
tempting to engage in, communicative exchanges. Some, but not all, of these strategies involve the
use of communication devices. System development involves initial design, implementation and
customization (e.g., of the hardware and software of the device, if any), training, evaluation, and
modification on the basis of feedback.? As will be described in section 3.4, the process of devel-
opment can be lengthy and complex, and consequently, might not necessarily produce the most
effective AAC system for a given individual.

The intervention team considers several factors when developing an AAC intervention: the
barriers to communication that presently exist for an individual (and whether they can be removed
or reduced); the individual’s profile of capabilities and the potential for improvement of his or
her natural abilities; the features of the individual’s environment that concern his or her ability
to engage in communicative exchanges (and whether adaptations might be made); and whether
the use of an AAC system is warranted [Beukelman and Mirenda, 1998]. Many factors must be
considered together when determining the best overall, multifaceted set of interventional actions.

3.3 Augmentative and Alternative Communication Systems

3.3.1 The Component View

AAC systems are typically described in terms of their components (e.g., see Beukelman and
Mirenda [1998]; Lloyd et al. [1997]; Berstein {1988]; Glennen and DeCoste [1997]; Shames et al.
[1998}). The four components are:

“4The critetia for determining whether an AAC intervention is warranted or not can be a source of inequity. In the past,
individual organizations (such as clinics or school boards) determined whether individuals were candidates to receive clin-
ical intervention. As a result, the criteria they developed frequently were idiosyncratic, inconsistent, and biased -toward
individuals with certain types of disorders; many who might have benefited from clinical interventions did not receive
them [Beukelman and Mirenda, 1998, p. 146]. However, in Canada, the United States, and many other countries, an indi-
vidual’s right to clinical interventions for communication-related patterns of disability is now mandated by public policy.
Consequently, the criteria for candidacy became a matter of public policy as well. This approach has mitigated previous
inequity.

5Tt is worth noting that even though most AAC systems are explicitly designed by an intervention team, they might also
emerge holistically as well (e.g., they might evolve among an individual and his or her frequent communication partners,
such as family members and caregivers).
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e Strategies: the specific strategies that the interlocutors employ in their communicative ex-
changes.

e Communication aid (also referred to as AAC device): a physical object or device that an
individual uses.

e Symbol set: a set of symbols that is used during the communicative exchange.

e Access techniques: the manner(s) in which an individual refers to the elements of the symbol
set. The primary kinds are direct and indirect.

These components form a system. The interlocutors use the strategies during the communicative
exchange, and these strategies can entail the use of a communication aid, which entails the use of
symbol set and access techniques for that set. These four components can be identified — in at least
some form — in every AAC system.

3.3.2 Terminology

The following discussions will focus on communicative exchanges among dyads (as opposed to
larger groups of interlocutors). An aided dyad is defined as a dyad in which an AAC system is
used (and it is assumed that only one interlocutor has a communication disorder). Aided dyads
can be further categorized according to how familiar or unfamiliar the interlocutors are with one
another. In an unfamiliar aided dyad, the interlocutors are unfamiliar to one another, whereas
in a familiar aided dyads the interlocutors are familiar to one another. (An unaided dyad is one
which neither of the interlocutors has a communication disorder and in which an AAC system is
not used.)

In characterizations of aided dyads, the term AAC system user is often used to describe the
aided communicator (e.g., see Bedrosian et al. [1992]). It is true that the aided communicator uses
the AAC system, and thus, is an AAC system user. However, the term is misleading if applied in
the same way the term “telephone user” is misleading when applied to only one participant of a
telephone conversation, so we will limit ourselves to the terms aided communicator and unaided

communicator.

3.3.3 Strategies for Communication

AAC systems have as a component a repertoire of strategies for communication. Of the multitude
of AAC strategies that have been devised, many concern approaches to producing communicative
actions in a way that they are more likely to be interpreted by others as intended.

Many, but not all, AAC strategies require the use of some sort of AAC device or communication aid
(these will be described in section 3.3.5). Some strategies do not involve the use of any external aid.
For instance, every interlocutor employs some sort of strategy for turn-taking. But contributions
made by aided communicators, whether through existing dysarthrié speech capabilities or through
using the communication devices are typically produced very slowly and are often unclear, and so
conventional turn-taking strategies do not suffice. Additional strategies are often used, such as “ex-
panding out” (or “reauditorization” [Bedrosian et al., 1992]), which involves the communication
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partner repeating their understanding of the utterance once it has been produced.® This strategy is
useful for detecting misunderstandings early. Misunderstandings can be very difficult, if not im-
possible, to correct once several communicative turns have elapsed. Thus, the overhead entailed by
the strategy is justified by its benefits (the overhead is typically — but not always — unwarranted
in conversations among individuals without communication disorders). This strategy also allows
the communication parther to introduce elaborations into conversation.

Other strategies include role-playing and prompting [Beukelman and Mirenda, 1998], as well
as those that target other aspects of participating in a communicative exchange, such as initiating
and concluding the exchange; taking, holding, and yielding the conversational turn; correcting mis-
interpretations made by others. Familiar communication partners generally have more knowledge
of the various AAC strategies and have more expertise of when to make use of them. Aided com-
municators also employ strategies for interacting with unfamiliar communication partners who
tend to revert to certain strategies, such as attempting to guess the aided communicator’s utterance
without allowing him or her to finish.

The aided communicator makes use of all four components of the AAC system: the communi-
cation aid, the access techniques, the symbol set, and the strategies. The communication partner
primarily makes use of one component, the strategies. Thus, the strategy component of an AAC
system is used by both interlocutors in a dyad. Thus, by extension, the whole system is used by
both interlocutors, and, in fact, serves to mediate the communicative exchange. For this reason,
the terms “AAC system user” and “AAC user” doesn’t serve to distinguish between the aided
communicator and his or her communication partner.

3.3.4 Maintenance and Generalization of Communication Strategies

At this present stage’ of the AAC movement, the methodology for establishing effectiveness is
done by comparing one intervention to another (as opposed to comparing an intervention to none
at all).

The primary goal of an AAC system is that it be effective. The effectiveness of an AAC system
should be distinguished from its efficiency. The former relates to the degree to which the system
has the desired or intended effect, whereas the latter relates to the amount of effort spent to bring
about that effect. (The issue of efficiency will be discussed further in section 6.5.) Notice that in
the previous discussions, the goal of an AAC system has been characterized as the goal of medi-
ating communicate exchanges. The outcome that is relevant to this goal is the joint behaviour of the
participants. This contrasts with the characterizations by others, for whom the relevant outcome
is defined solely in terms of the aided communicator’s behaviour. For instance, Light [1988] has

®Note that it is the communication partner who must initiate the use of this strategy. AAC interventions can target not
only the individual with a communication disorder, but also his or her communication partners (such as family members,
friends, caregivers, teachers). While such strategies have been shown to be beneficial, they alone cannot suffice (it is not
possible even to identify all of an individual’s potential communication partners, let alone instruct them in advance). There
are limitations to the strategy of focusing interventional actions on communication partners.

7The clinical use of AAC interventions in a particular municipality, province or nation is typically mandated by health
care policy, and these policies typically progress through a well-known sequence of stages [Beukelman and Mirenda, 1998]
(which gives rise to an AAC “movement”). In the initial stages of an AAC movement, the merit of AAC interventions
themselves must be established, usually through case studies in which the benefits achieved from AAC interventions are
demonstrated by comparison to scenarios in which interventions were missing. Once the movement advances, the method-
ologies for evaluation (which demonstrate the effectiveness of AAC interventions) become more rigorous.
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argued that the criteria for evaluating effectiveness should be based upon the demonstration of com-
municative competence, a construct which requires an aided communicator to have skills from each
of the four “domains” of linguistic, operational, social, and strategic competence. Others share this
view, that the evaluation of effectiveness should be based on measuring the system’s effect on spe-
cific intrapersonal behaviours (i.e., the degree to which the behaviour of the aided communicator
has modified by the introduction of a communicative strategy):

e “Effectiveness refers to the demonstration of behavior change as a direct result of treatment”
[Schiosser and Braun, 1994, p.208].

e A change in behavior is the presumed effect or consequence of the intervention [Schiavetti
and Metz, 19971].

e The dependent variable in efficacy research is the target behavior that is to be changed by the
AAC intervention [Light, 1999, p.14].

e In Schlosser and Lee’s [2000] meta-analysis of 54 AAC evaluation studies, the outcome at-
tributes that were used almost exclusively focused on the aided communicator’s behaviour.

Light [1999, p. 14] argued that the targeted behaviour must have social validity — it must be con-
sidered by the participants and other relevant stake-holders to be an important behaviour that will
legitimately serve to enhance the communication of the participants.®

With this approach to evaluation, the effectiveness of an AAC system gets established once
the aided communicator demonstrates the acquisition of certain, desired intrapersonal behaviours.
However, the communication partnet’s behaviour plays a significant role in creating the opportu-
nities for the aided communicator to demonstrate these behaviours. Also, a change in one partic-
ipant’s behaviour might not necessarily bring about a change in the outcome of the joint activity.
This confounding might explain the findings of Lasker and Bedrosian [2001], who showed that
evaluations of a particular AAC intervention as both positive or negative depends on the crite-
ria applied. The aided communicator’s behaviour should not be the only attribute upon which
evaluation should be based.

The designers of AAC interventions (at least those who characterize the “effect” of intervention
in terms of strategy acquisition by aided communicators) strive to demonstrate that an individual
who has been taught to use a particular communication strategy maintains and even generalizes
the use of that strategy. Treatment effects might not be maintained; they might be seen in the short
term, but be lost over time. For instance, an interlocutor may initially use a particular strategy, but
gradually cease to use it. Schlosser and Lee [2000] identified an inventory of strategies for the pro-
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motion of generalization and of maintenance which included: “train and hope”, “train to criterion
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and hope”, “environment modification”, “reduction of discriminability of consequences”, “train to
generalize”, “positive reinforcement (of unprompted generalizations)”, and several others. During
the maintenance condition of an evaluation study, if it has one, an assessment is made of the de-
gree to which previously-identified intervention effects can still be identified. Maintenance phases

typically employ a single follow-up probe or multiple follow-up probes design.

8See appendix A.2 (p. 139) for a note concerning the wording of this statement.
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The designers of AAC interventions also strive to demonstrate that the effects of the interven-
tion are generalized. Effects might be specific to examples used in training, and not generalized to
other applicable situations. During the generalization phase of an evaluation study, if it has one, an
assessment is made of the degree to which intervention effects can be found, if any, in “conditions”
(i.e., communication scenarios) other than those that were explicitly targeted during training. Gen-
eralization phases typically employ either a single-, multiple-, or continuous-probes design.

Because AAC systems are highly tailored to the specific needs of each individual, a within-
subjects design must be used — the same outcome variables are measured with respect to the same
dyads, but under different conditions (such as pre- and post-intervention). The use of a between-
subjects experimental design — an experiment in which the outcomes from a group of different
subjects in a given condition are synthesized and compared to other such syntheses — is ill-advised
because the pool of individuals who use AAC systems is small and highly heterogeneous.

Because so few subjects can be solicited for any particular study, a smali-n experimental de-
sign must be employed, such as an AB, ABA, ABAB design or some other configuration of A and
B phases. The A phase is when baseline observations are made. This is typically followed by a
phase during which the AAC system is introduced, and training and instruction is provided to the
users.’ The B phase is when the effects of the AAC intervention are observed. The derivation of the
baseline provides a quantitative standard against which the effect of an intervention can be mea-
sured, but some evaluation studies omit this phase. These studies are now of lirnited use {Schlosser
and Lee, 2000]. Other evaluations in the AAC literature have been anecdotal, and did not make use
of controlled experimental conditions.

3.3.5 AAC Symbol Sets

A prevalent view in the AAC literature is that the behaviour of individuals in a communicative
exchange can be characterized as sign production — spoken, written, or gestural. Signs are carriers
of meaning and are often identified as either linguistic (e.g., words) or nonlinguistic (e.g., facial
expressions). For an individual who has a communication disorder, the repertoire of signs that can
be produced (at least without intervention) is constrained by the capabilities of his or her own body.
These signs often are few in number, cannot be interpreted by others (e.g., dysarthric speech), and
do not correspond to a shared system of meaning (e.g., certain signs can be produced and reliably
reproduced, but they are not the signs that are already associated with conventional meanings).
Each of these problems has its own remedy.

One remedy is to establish, in advance, the meaning of those signs that an individual is able
to produce using his or her own body, such as gestural signs that are formed using hand shape,
sequences of eye blinks, or movements of the legs or head. (Such signs will be described as
interlocutor-producible in subsequent discussions) Through the conventionalization of the meaning
associations, which must be acquired by both the aided communicator and his or her communi-
cation partners, these signs become symbols. The set of signs for which meanings are assigned
is termed the AAC symbol set. If the communicators are literate, then signs that correspond to the

9The AAC system is considered the “treatment variable” — a term borrowed from the case study approach to behavioural
change. AAC interventions are often characterized as treatments, and the outcome that follows from interventional action
is seen as the treatment’s effect.
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Figure 3.1 A communication board in use. Image used with permission, Mayer-Johnson (2004).
The Picture Communication Symbols ©1981-2004 by Mayer-Johnson LLC. All Rights Reserved
Worldwide. Used with permission.

letters of their written language might be used. Alternatively, gestural signs might represent what
would otherwise be words or phrases. Such schemes have the advantage that the symbols can be
produced whenever they are needed. On the other hand, they also require that the conversational
participants have advance knowledge of the sign-meaning associations.

To circumvent difficulties associated with interlocutor-producible signs, an approach may be
used which includes devising a set of symbols, such as icons, pictures, alpha-numeric characters,
written words or phrases. (This set is also termed the AAC symbol set.) A tangible display for
the symbol set is created (e.g., a physical display, such as a flat piece of cardboard, the pages of a
book, or a computer screen). Any such display is referred to generally as a communication aid. A
communication board (CB) is a common type of communication aid, shown in figure 3.1. With a
non-computational communication aid, an individual refers to the symbols with his or her body
rather than producing them directly.

An alternative to orthographic symbols is the use of icons. Such symbol sets require a scheme
for associating meaning both to individual icons and to sequences of icons (i.e., the analog to
the meaning associations with orthographic representations). The symbol-meaning associations
must be learnable by the conversational participants, as well as being easily recalled. One such
scheme, called semantic compaction, makes use of one-to-many icon-to-meaning associations [Baker,
1982].1Y Many individuals find the polysemy of icons intuitive. In the example below, different icon
sequences, each of which includes the polysemous (APPLE ICON), are given, along with their se-
mantic associations [Conti et al., 1998]:

(APPLE ICON) + (NOUN ICON) = “food”
{APPLE ICON) + (VERB ICON) = "eat”

{APPLE ICON) + (ADJECTIVE ICON) = “hungry”
(QUESTION MARK ICON) + (APPLE ICON) = “When are we eating?”

Minspeak is the system that is sold commercially that makes use of semantic compaction; the system also includes the
approaches for developing and maintaining vocabulary sets.
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Externally-represented AAC symbol sets have many advantages over interlocutor-producible
symbols. First, the AAC symbol set can be larger and more finely-grained. Meanings that might
otherwise be difficult to associate with an interlocutor-produced sign can instead be represented
by symbols. The number of symbols that can be referred to is constrained by the physical medium
upon which the set is to be displayed, but there are a number of different techniques to accom-
modate this (e.g., the use of different screens if a computer display is used, or the use of different
overlays if a non-computational display is used).

A second advantage is that an externally-represented AAC symbol set can used by a compu-
tational device, which can then display them, receive selection input actions, and then link these
selection actions to a text-to-speech module. Thus, the device affords the mode of synthesized
speech. Such computational AAC devices are described as Voice-Output Communication Aids
(VOCAS). From this point onward, we focus exclusively on VOCAs.

A third advantage is that the technique of scanning can be used, which is possible only with an
externally-represented AAC symbol set. For an individual to make use of any AAC symbol set, an
access technigue is needed. An individual might select a symbol directly by pointing to it or touching
it on the display; this access technique is termed direct (also referred to as random, by analogy to
access techniques for computational storage media — e.g., random-access vs. sequential-access).
But another technique — called scanning — allows individuals who do not possess sufficient motor
control to point to or touch a particular symbol on a display to still make a selection from among a
set of candidate targets.

In this technique, a symbol is selected through a process in which several choices are made in
sequence. The elements of the selection set (e.g., typically the set of alphanumeric characters) or a
subset of it are displayed in a two-dimensional matrix. In the row—column version of sequential
access — widely accepted because it achieves a good compromise between input speed and user
ability [Damper, 1984] — a moving cursor highlights successive rows, pausing briefly on each, until
an input action is received from the user, such as a button push. Then, the successive columns of
the row are highlighted until the next input action is received. A symbol is thereby selected and
the process can begin again.!!

Scanning is a useful scheme for selecting from among a set of symbols, and it is often the only
means available to individuals with severe physical disorders. Depending on the nature of an
interlocutor’s physical disorder, it might not be possible for him or her to press accurately one of
many small, closely-arranged keys on a standard keyboard. For some, it is possible only to press
a single button (of a customized size and sensitivity) that is mounted exactly next to a particular
body part (such as hand, foot, forehead, and so on). Although such devices are severely limited in
the type and number of different possible input actions, they are still useful in situations in which
an individual must make a choice that has a small number of possible answers.

3.3.6 Voice Output Communication Aids

The aim in designing a Voice Output Communication Aid (VOCA) is “to help users to translate
their thoughts accurately into synthetic speech output” and, to accomplish this, two different ap-

11f the device is non-computational, then the communication partner must point to each column and row, stopping when
the individuals indicates.
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proaches can be employed: phrase-selection and phrase-construction [Todman and Alm, 2003]. With
phrase-selection, the aided communicator selects (or “retrieves”) a string from among a large set
of candidates, which is then articulated using synthetic speech.’? The set of strings must be de-
rived in advance and in anticipation of the future needs of the aided communicator. With phrase-
construction, the aided communicator composes an utterance by selecting one or more symbols
from the AAC symbol set, thereby constructing a string which is subsequently passed to the TTS
module: At any given point in a conversation, it is generally faster for an aided communicator to
select a phrase than to construct it, but the phrases that are available to be selected are often in-
appropriate or at least inferior to one that can be tailored to the current context. Because of these
complementary strengths and weaknesses, it is desirable for a communication aid, if possible, to
incorporate both of these approaches.

A number of techniques have been developed in order to improve phrase-selection. A tendency
in early systems was to treat all of the phrases in the set as equiprobable (see [Light, 1989] for a
discussion); the same amount of work was required to select any phrase, regardless of the current
topic or the phase of the conversation. A number of different models have been developed which
allows the VOCA to hypothesize the set of phrases that are most likely to be needed at a given point
in a conversation or for a given topic-oriented discussion [Alm et al., 1992b, 1993]. The VOCA then
makes these phrases more easy to select than the other possible phrases.

In order to improve the speed at which phrases can be constructed, a number of word prediction
and word completion techniques have been developed. For example, after a certain number of
letters have been selected, WordQ [Shein et al., 2001] derives a set of words that are candidate
completions for the initial string. (Attempts to develop word prediction techniques that exploit
information about syntactic part-of-speech co-occurrence, such as by Van Dyke [1991], have not
been met with great success in the past, but are the focus of on-going research.) Whichever word-
completion or -prediction technique is used, the size of the candidate list (the set of possible next
words or completions) must be chosen carefully. The larger the size, the greater the likelihood that
the target word is included among the candidates, but the higher the cognitive burden on the user
to peruse the list and to make a selection (and, in the case of scanning, the longer it will take for the
system to successively highlight each option).

If the scanning access technique is used, the n-gram probabilities can be exploited to minimize
the number of binary choices required to select an element of the AAC symbol set. The VOCA
can incorporate a dynamic display on which selection set changes between successive symbol se-
lections. With this approach, the probability distributions of letter occurrences in words can be
exploited by placing the most likely candidates early in the sequence of presentation. For example,
after one letter has been selected, the display of the device might be modified so that those letters
that are more likely to follow are more convenient to select (e.g., after the letter “q”, the letter “u”
is proposed as the next choice).

Whether direct or indirect selection is used, to operate the device and to select elements from
the symbol set, the user must perform sone kind of input action.’® The interface of a VOCA can be

2In phrase-selection, synthetic speech includes both synthesized speech, which is generated on-the-fly using a text-to-
speech module, and digitized speech, which is recorded in advance and subsequently retrieved.

13 Although prototype input devices have been developed for use even in situations in which no volitional motor move-
ment is possible —e.g., the control of a virtual mouse through the use of neurotrophic electrodes implanted in the motor
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customized so that it can make use of whichever types of input actions the user is able to perform.
Possible customizations range from binary switches to modified keyboards, or even standard com-
puter keyboards. In fact, customizations can allow essentially any type of action — not only the
hands, but also the feet, elbow, shoulder, forehead. Oculomotor activation is possible through the
use of an eye-gaze tracker. If a VOCA interface recognizes single, discrete input actions made using
a single input device, we describe the interface as unimodal. If a VOCA interface recognizes single,
discrete input actions, but where those actions may be produced using one of several different
input devices, we describe the interface as multimodal.

A multimodal interface was developed in an experimental setting that was able to recognize
input actions made using a binary switch or using vocalization (the latter was achieved through
the use of speech recognition module) [Treviranus et al., 1991]. The reported results, although
preliminary, indicated that the ability to switch between the two modes of input was beneficial
to the user (the number of vocabulary selections per minute increased, when compared to trials in
which switches were the only input device permitted). “Itis the inherent flexibility of a multimodal
input system that is its main advantage. If one particular mode of input is difficult to use, the simple
substitution of another ...should alleviate the problem” [Keates and Robinson, 1998]

One possibility for a multimodal VOCA interface — not yet implemented in any system — is
for it to recognize multiple input actions as having meanings that are different from the meanings
of the individual input actions. That is, the multimodal VOCA interface recognizes the co-ordinated
production of multiple input actions, each performed using a different device. Each mode is as-
sociated with a domain of possible input actions; when two such domains are combined pairwise,
the number of distinct input actions is the product of the two domain sizes. Through this mecha-
nism, the use of “a number of modes can increase the vocabulary of symbols available to the user”
[Keates and Robinson, 1998]. This possibility motivated the formulation of bottleneck-reduction
hypothesis, which is discussed in more detail in section 3.3.8 below and in chapter 4.

3.3.7 Characteristics of AAC-System-Mediated Communicative Exchanges

As described in section 2.3.3, the message-passing model of communication is prevalent in the
AAC literature. This model, in essence, holds that AAC systems are used by individuals in order
“to compose and to transmit messages” that otherwise could not be composed and transmitted
(e.g., see Beukelman and Mirenda [1998]; Lloyd et al. [1997]). This model also has given rise to the
notion of communication rate, typically measured in words per minute (wpm) (i.e., the rate at which
the aided communicator “transmits” his or her messages). Although the notion of communication
rate is problematic (see section 2.3.3), the contrast between the communication rates in unaided and
aided communicative exchanges is noted here since it is so striking. When an aided communicator
employs scanning, he or she typically achieves rates of 0.5 to 5 words of synthesized speech per
minute [Vanderheiden, 1988), a rate that is significantly lower than the conversational rate of 150
words per minute or more [Venkatagiri, 1998]. Foulds [1980] found that an individual with no
clinically-defined physical disorders could achieve a rate of 8 words of synthesized speech per

cortex [Moore and Kennedy, 2000] — the assumption is made here that the use of VOCAs entails some sort of motoric input
action.
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minute using scanning, and Yoder and Kraat [1983] report that rates of 5-30 words of synthesized
speech per minute can be achieved with direct selection.

Several empirical studies have noted that in AAC-system-mediated communicative exchanges,
the aided communicator holds far fewer conversational turns, and the turns that are held are far
shorter than those of the unaided communicator [Light et al., 1985b; Beukelman and Yorkston,
1980; Yoder and Kraat, 1983]. (Conversational turns need not necessarily alternate between the
participants.) Significant differences between aided dyads and unaided dyads have been reported
in repair strategies, feedback responses, and turn-passing strategies [Light et al., 1985¢c]. Commu-
nication partners in aided dyads also may terminate the communicative exchanges prematurely or
avoid them in the first place.

Empirical studies have also noted significant differences between the types of turns that the
aided communicator and the unaided communicators take. Because aided dyads have a predomi-
nance of question-answer routines, the unaided communicator’s pattern of turns tends to be char-
acterized by a large portion of yes-no and specific wh- questions, and the aided communicator
provides yes—no responses and the requested information [Light et al., 1985a]. Light et al. [1985b],
analysed the variety of illocutionary acts performed by aided communicators in interactions with
different types of partners. They argued that most of their subjects used a smaller variety of illo-
cutionary acts in the interactions with their familiar communication partners than with unfamiliar
ones. (They stated that these results were consistent with those found by Blackstone and Cas-
satt [1984].) The decrease in variety is somewhat counterintuitive — one would expect that with
a familiar partner, aided communicators might have a greater freedom of expression. In addition
to being unintuitive, their argument also rests upon results that were probably affected by uncon-
trolled, and very likely confounding, factors. One uncontrolled factor was the topic or structure
of the communicative exchange. The communication partner and the aided communicator were
free to structure the communicative exchange as they desired. Possibly, familiar communication
partners were more adept at controlling tightly the interactions (e.g., to occupy the “conversational
space” and to oblige specific responses). The subjects were not required to produce certain types
of illocutionary acts, nor was it ensured that the subjects were afforded the time or opportunity to
formulate every possible type of illocutionary act. The difficulty in identifying illocutionary acts
on the basis of locutionary ones, which was described in section 2.3.5, also may have also resulted
in coding inaccuracy. Until these methodological issues are addressed, it is problematic to assert
that aided communicators use fewer types of illocutionary acts with familiar partners than with
unfamiliar ones.

A frequently-reported result is that communication with familiar partners is more likely to be
successful than with unfamiliar partners. Modes of communication such as speech, gesture, and
facial expression may be severely affected, but individuals may be able to communicate with fam-
ily members very effectively using these natural modes, whereas they may need to rely on AAC
techniques with unfamiliar partners [Mirenda and Mathy-Laikko, 1989]. Indeed, the verbal mode
is used more frequently with familiar pariners than unfamiliar [Beukelman and Yorkston, 1980].
Along with being able to interpret imprecise vocalizations, “familiar communication partners are
able to visually discern intention from imprecise and idiosyncratic gesture” [Roy et al., 1993a, p. 99].
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3.3.8 The Bottleneck Reduction Hypothesis

This section describes Shein et al.’s [1990] proposal for improved AAC devices and analyzes their
proposal. The basis for their proposal is an analysis that contrasts aided familiar, aided unfamiliar,
and unaided dyads."

Shein et al. point out that even when an aided communicator has little or no functional speech,
he or she is able to make use of other modes in aided familiar dyads,'® such as facial expression, body
language, vocalizations, eye gaze, and manual or head gestures, in addition to the aided mode of
synthesized speech.’® An aided communicator is able to produce multimodal communicative ac-
tions, and the partner is able to interpret “nuances of body language and facial expression” [Shein
et al., 1990, p. 37]. Not only is a familiar communication partner more likely to be able to suc-
cessfully interpret an aided communicator’s actions, he or she is more likely to be able to infer
communicative intent in unmediated actions (rather than attributing the actions to spasticity or
other non-communicative causes). Familiar communication partners are able to discern intention
from imprecise and idiosyncratic gestures. Aided communicators have multimodal communica-
tion skills that are not harnessed by existing communication devices [Light et al., 1985c; Beukelman
and Mirenda, 1998].

In aided unfamiliar dyads, on the other hand, the communication partner is less able or unable
to interpret the aided communicator’s unmediated, multimodal communicative actions. The aided
communicator’s ability to use effectively the unaided modes is constrained by the partner’s unfa-
miliarity, and he or she must rely more heavily (although not necessarily exclusively) on the AAC
device to mediate his or her communicative actions.”” Thus, the extent to which the communication
channels in an aided dyad need to be mediated by the AAC device depends on the familiarity of the
communication partner.

Shein et al. argue that the AAC-device-mediated component of the communication channels is
hindered by a bottleneck at the interface of the AAC device. The bottleneck-reduction hypothesis is
that reduction (or even elimination) of the bottleneck will improve the capacity of the communica-
tion channels, thereby improving the overall effectiveness of the AAC system.

They argue that there are basically two approaches to interface bottleneck reduction. The first is

“These dyad types were described previously, in section 3.3.2: an unagided dyad is one in which neither of the interlocutors
have a communication disorders, and an aided dyad is one in which only one of the two interlocutors has a communication
disorder and whose exchanges are mediated by an AAC system. Aided dyads were further distinguished: aided familiar
dyads, those in which the aided communicator and the unaided communicator are familiar, and aided unfamiliar dyads,
those in which the aided communicator and the unaided communicator are not familiar to one another.

5Note that Shein et al. identified facial expression, body language, vocalizations, eye gaze, and manual or head gestuies
as different “channels of communication”, but their notion of a channel actually corresponds to a mode of articulation, as
the term was defined in section 4.2.2. Shein et al. also make use of the notion of “input channels”, which will be referred
here to as modes of input to the AAC device.

16Nigay and Coutaz [1993] describe this as a synergistic use of multiple modes — that is, two or more modes are used
in parallel (with respect to the temporal dimension) and the modes must be interpreted together, as each mode provides
incomplete information — see section 6.4.2 for further discussion.

7Shein et al. argue that the aided communicator needs to “transfer” more information to the AAC device, so the device
can “convey” more information to the communication partner. An alternative way of formulating the argument is that the
aided mode needs to mediate more effectively the aided communicator’s communicative actions (i.e., mediate in the sense of
serving to bridge the gap between the input actions that an aided communicator is able to provide and the communicative
actions that his or her partner is able to understand.) Thus, we will replace Shein et al.’s information-theoretic formulation of
the process of communication with one based on the Contribution Model (discussed in Chapter 2). Instead of distinguishing
among different types of information being transmitted, we will instead distinguish between input actions to the AAC device
and communicative actions performed for the communication partner.
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to improve the effectiveness of the input actions that are performed using existing interfaces (which
are unimodal). These approaches were described as increasing the rate of information transfer
through existing input channels. This might include the use of techniques based on language-
models, to minimize the number of input actions required by the user. For example, information
about character bigrams has been exploited in scanning techniques (see section 3.3.6) in order to
reduce the number of input actions required (e.g., by manipulating the order in which selections are
presented so that the most likely candidate appears earlier). In addition, information about word -
bigrams has also been incorporated into word entry, so that the number of input actions required
to enter text might be reduced.

The other approach to reducing interface bottleneck is to increase the number of modes of input
to the device.’ Shein et al. note that the interfaces of existing unimodal AAC devices are not capable
of capturing modes of articulation other than gesture in isolation (e.g., gaze, vocalization, other
types of gesture, such as gesture using the head or torso). Shein et al. argue that these modes
represent potential resources that might be exploited for the production of input actions to the
AAC device. Note that the modes that they propose to recruit are the same modes that aided
communicators would otherwise be able to put to use with familiar communication partners.

Last, Shein et al. point out that the first strategy — to improve the design of unimodal interfaces
— is the most commonly-pursued strategy, and they argued that it has only ever resulted in (and
only ever will result in) small, incremental improvements. They argued that the drastic and non-
incremental improvements that are actually required can be achieved only by the latter strategy
and, consequently, that multimodal interfaces for AAC devices should be developed.

The bottleneck-reduction proposal has resonated with other researchers and triggered an initial
burst of activity toward the implementation of this proposal. Roy et al. [1993a] sought to develop
techniques to distinguish “intention from imprecise and idiosyncratic gestures”; they described a
prototype system that included multiple input devices and sensors (including sensors for position,
facial expression, and vocalization) and the plan to integrate the multiple streams of sensor/device
signals [Roy et al., 1993a]. An evaluation of the implemented system showed that a gesture recogni-
tion technique that made use of input both from surface electromyography electrodes (which detect
the co-contraction of antagonist/agonist muscle pairs) and from a 3D magnetic arm motion tracker
together performed better than gesture recognition performed using either mode of input alone [Roy
et al., 1994¢]. Although Roy et al. [1993a] identified the development of a “new generation of in-
telligent AAC devices” as a potential use of their multimodal gesture recognition technique, such
devices have not been developed and the use of multiple modes of inputs has primarily been to
increase recognition accuracy [Roy et al., 1993b].

A number of experiments have been conducted to determine the feasibility of an interface that
recognizes the co-ordinated production of multiple input actions. Smith et al. [1996] and Dunaway
et al. [1986] hypothesized that the capability to recognize such input actions will translate into many
benefits to the aided communicator (such as improved speed of input, improved input accuracy,

18This was characterized as increasing the number of input channels and as “increasing bandwidth”. Shein et al. argued
that the aided communicator needs to “transfer” more information to the AAC device, and described the aided communica-
tor’s input actions, as well as the unmediated actions that he or she performs for the communication partner, as information.
They did not identify explicitly the AAC device and the communication partner as receivers of this information, but this is
implied in their discussion. See footnote 17 re: the issue of a information-theoretic model of communication.
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increased flexibility, and improved “naturalness” of interaction). Smith et al. [1996] and Dunaway
et al. [1986] reported the results of pilot studies that determined the types of input actions that
users are able to produce using each of the modes of vocalization and head pointing. The next
study in their planned sequence was designed to investigate the integrated use of those two modes.
Unfortunately, these results were not published.

Keates and Robinson [1998] developed a multimodal interface to a simple system which was
controlled by a set of six commands (UP, DOWN, LEFT, RIGHT, YES, NO) and observed its use
by six different subjects (all of whom were affected by a motor disorder). For each of the six com-
mands, two input actions were developed; one input action performed using the head and the
other using the hand.”® In one experimental condition, the subjects were shown a pair of different
commands and were prompted to produce the input actions corresponding them, one command
using the head and the other using the hand. The results showed that, even when given the option
of any order of production, virtually all subjects opted to do the head gesture followed by the hand
gesture. In the final analysis, the data transfer rate in this condition (measured in bits per second)
was lower than in two other conditions (in one, a single input mode was used and, in the other,
two input modes were used to signal the same command). Keates et al. concluded that the cognitive
load on users is “simply too great” when they are required to generate simultaneously gestures of
different types. It does not follow, however, that users will not be able to successfully deal with the
load under improved conditions. In effect, users were asked to produce multimodal input actions
that corresponded to one of 30 possible command pairs? that either didn’t have a defined meaning
in the context of a task (such as “UP-YES”) or, worse, had a meaning that was incoherent (such
as “UP-DOWN”). Furthermore, the only reward for correct production was on-screen feedback. If
the multimodal input actions instead had meanings that were compositional and coherent, and if
the correct production of such actions were linked to success in communicative task that is actually
needed to perform a day-to-day activity (such as ordering fast food or completing a purchase in a
store), then it is reasonable to expect better results.

The ability to recognize coordinated, multimodal input actions remains a promising avenue for
the development of improved VOCA interfaces. Only a few studies have been conducted, and
their results are either incomplete or inconclusive, so future work is certainly warranted. However,
no work to date has acknowledged the issue that multimodal input actions can have a detrimental
impact on the other, unaided modes of communication. This issue will be discussed further in
chapter 4.

3.4 The Design of AAC Systems

3.4.1 Overview

As the sections below will describe, each AAC system must be tailored to the circumstances in
which it will be used, and each set of circumstances presents its own design challenges. An AAC

9Head gestures were recognized by a Polhemus tracker, and hand gestures were performed using a joystick of the same
type used in computer games or to operate a wheelchair.
“0There are 626 = 36 possible command pairs, but 6 of these are duplicates (e.g., “UP-UP”).
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Figure 3.2 An overview of the components of the first phase in the development cycle of an AAC
system.
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system has essentially two parameters: its user’s profile of capabilities and the target set of commu-
nicative scenarios. The design process for AAC systems involves both the identification of these
parameter values and the development of a system to suit them.

The process of AAC system designed, which has been characterized as “trial and error” [Light
et al,, 1990], typically progresses in three main phases [Beukelman and Mirenda, 1998, pp. 149~
150]. Each phase can be seen as an iteration on the design of the AAC system. Evaluation is
performed during each phase, and modifications are made. Ideally, these modifications will result
in successive improvements, and the process will converge on the best possible AAC system for

each individual.

3.4.2 Design of Initial AAC System

In the first phase of the AAC design process, an initial AAC system is developed. An overview of
this phase is given in figure 3.2.
An aided communicator’s profile of capabilities characterizes his or her physical, cognitive, lin-



42 CHAPTER 3. AUGMENTATIVE AND ALTERNATIVE COMMUNICATION

guistic, and sensory capabilities. (The discussion here will focus on physical capabilities, primarily
with respect to motor control. Other abilities, such as cognitive and linguistic/language abilities,
are also relevant, but will not be discussed here.) In the first phase of AAC system design, an initial
assessment is performed. (And in subsequent phases, the individual’s capabilities are reassessed
and the profile updated.) Motor control relates to the individual’s ability to produce speech sounds
and gestures and to provide input actions to an AAC device (e.g., typing on a keyboard, operating
a binary switch). Thus, an individual’s physical capabilities determine both the unaided modes
of articulation that might be employed in a communicative exchange and which input actions an
individual is capable of providing to an AAC device (the aided mode).

In the first phase of AAC system design, what will be described here as the core sef, a subset
of the communicative exchanges that the AAC system is intended to eventually mediate, is iden-
tified. The core set identifies “exchanges of immediate importance” [Beukelman and Mirenda,
1998, p. 149], and includes those required for basic care-giving, for the expression of needs and
wants, and for the individual’s participation in the development of the AAC intervention. These
exchanges typically involve communication partners who are familiar to the individual (e.g:, fam-
ily members and therapists).

From the initial profile of capabilities and the core set, an initial AAC system is designed. The
intervention team can capitalize on the fact that communicative exchanges with familiar partners
are easier to mediate than those with unfamiliar partners. Once the required components of the ini-
tial system are identified, they are obtained (e.g., by purchase or in-house design) and customized
as required (e.g., by specifying the symbol set, by the adding input switches, or by configuring
the keyboard). Voice Output Communication Aids, even though commercially available, require
additional configuration before they can be used (e.g., vocabulary elements must be selected and
programmed and linked to the symbol set). A focus of the first phase is for the aided communicator
and his or her communication partners to learn the use of the system and the device. The system
will likely be reconfigured in the subsequent design phases, as the individual becomes familiar and
proficient with it.

3.4.3 Transition from Initial AAC System

In the second phase of the AAC design process, the design of the initial system is modified and
elaborated. An overview of this phase is given in figure 3.3, where the second phase is shown in
contrast to the first phase.

In the second phase, the design is extended so that it can mediate in a greater range of commu-
nication scenarios than identified in the core set. It is augmented to include other communicative
scenarios that are considered important by the aided communicator or the intervention team. This
elaborated set will be described here as the target set. The target set identifies a wider range of joint
activities and larger variety of communication partners (including both familiar and unfamiliar
partners). Underlying joint activities can vary widely (e.g., they might include making plans with
a friend, making a purchase, or transacting business more generally, requesting information, or
making a classroom contribution). Even individuals seemingly engaged in conversation for con-
versation’s sake are actually engaged in a joint activity (e.g., adhering to social norms, fulfilling
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Figure 3.3 An overview of the components of the first and second phases in the development pro-
cess of an AAC system.
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social obligations, or building social closeness).

The mediation of all the communication scenarios in the target set presents additional chal-
lenges to the AAC system. To meet this challenge, the intervention team must make use of as
much of the individual’s existing physical, cognitive, linguistic, and sensory capabilities as possi-
ble. Thus, a subsequent, more detailed (and correspondingly, more time consuming) assessment is
conducted, and the individual’s profile of capabilities might be updated.

It is difficult, if not impossible, to identify accurately the target set. To do so entails specify-
ing accurately in advance the way in which an AAC system will actually be used, which entails
predicting the types of communicative exchanges an individual will want to or need to engage in,
possibly with little or no prior patterns or evidence upon which to base predictions. An accurate
specification of the target set is of paramount importance, however, since inaccuracies can mean the
AAC system will be used in scenarios for which it was not designed. Thus, the target set devised
in the second phase might be revised repeatedly in the third phase of design; each time, the design
of the AAC system is modified accordingly.

The type of communication partners the aided communicator will encounter is also important
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to the design of an AAC system. Communication partners can vary widely with respect to their
knowledge of AAC strategies, their skill in interpretation, and their patience. Depending on the
partner, the register of social formality that is appropriate or required may differ. The strategies
used by the aided communicator must be designed to suit the full range of partners that he or
she will encounter (especially unfamiliar ones). Communication strategies for familiar partners
should be devised whenever possible. The context of the underlying joint activity is important to
the design of an AAC system. For instance, the vocabulary that an individual needs (and which
must be available in the AAC device) is often highly dependent on the joint activity.

In the second phase, the intervention team maodifies the initial AAC system on the basis of the
(possibly) updated profile of capabilities and the target set. The modified system is evaluated and
adjustments, if necessary, are made. The symbol set and the vocabulary of the AAC device may
require modification to suit the target set. The design process them moves to the third phase, during
which the effectiveness of the design is maintained.

3.4.4 Maintenance of AAC System

In the third phase of the AAC design process, the effectiveness of the system is monitored and the
system is modified when warranted. An overview of this phase is given in figure 3.4, where the
third phase is shown in contrast to the first and second phases.

The AAC system may become less effective if the aided communicator’s capabilities change.
Improvements can be made for reductions in physical capability, which often occur in progressive
neurological disorders.. Alternatively, a gain in proficiency can be exploited by the addition of
features to the AAC device. Changes in the individual’s abilities must be detected so that the
system can be adjusted accordingly; changes in an individual’s profile of capabilities change one of
the parameters of the design process.

The AAC system may also become less effective after changes in the aided communicator’s
lifestyle, such as those that relate to his or her stage in education, position in employment, living
environment, hobbies, circle of friends, or family situation. Moreover, the intervention team might
identify new communication scenarios for the AAC system to mediate, in order to promote social
development. In these cases, the target set needs to be updated.

Any time the profile of capabilities or the target set changes, the design of the system may
require adjustment in order to match the new specification.

3.4.5 Formal Description and Analysis of AAC System Design

In the preceding sections, a sequence of three phases of the design process was described. This
sequence can be seen as one approach to implementing the design process: We now describe the
approach in formal terms below.

We define the parameter space to be all possible pairwise combinations of all possible profiles
of capabilities and all possible target sets. Clearly, the parameter space is huge (in all likelihood,
infinite). We define the design space to be all of the possible configurations of an AAC system (every
possible communication strategy, used in conjunction with every possible AAC device, where each
is configured with every possible access technique, every possible symbol set, which is mapped to
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Figure 3.4 An overview of the components of the first, second, and third phases in the development
process of an AAC system.
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every possible vocabulary set). Clearly, the design space is also huge (in all likelihood, infinite).
The AAC design task is to identify the AAC system in the design space that best suits the identified
profile of capabilities and target set.

The design activities in AAC design are the same as in other design processes. They include:
analysis of requirements (i.e., determination of the individual’s profile of capabilities and identifi-
cation of the target set), specification of a system to meet the requirements (i.e., identification of the
AAC device and the strategies to be used), implementation of the system (i.e., customization of the
AAC device and development of appropriate communication strategies, as well as training), and
evaluation. The sequence of three phases that was described in the preceding section provides one
approach to performing these design activities. The phases also make use of an iterative approach
(e.g., one iteration in each of the first two phases, and subsequent iterations in the third phase).

One important issue for AAC design is that the process requires that the parameter values be
accurate. Each AAC system needs to be tailored to the capabilities of the aided communicator, as
well as to the communication scenarios in which it will be used. The interface of an AAC device,
in particular, must be tailored to the individual’s profile of capabilities. Inaccuracies in the profile
specification can result in a mismatch between the types of actions the aided communicator is able






