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ABSTRACT

‘We propose to describe in this paper, the use of voice in a
multimodal environment. We particulary pay attention to
the interaction between a Human and the Unix Operating
System. This works want to highlight the need to improve
the impact of speech recognition systems on Human-
Computer Interfaces by the use and the complementarity
of other media. This approach shows that ergonomic
benefits and efficient interaction due to the use of multiple
media, can reduce the gap between a user and a computer
task.

Keywords: Multimodal Dialogue, Speech Recognition
and Understanding.

1. INTRODUCTION

Regardless of the state of the technology, voice-
recognition systems have certain advantages and
disadvantages, relative to other input devices.

Speech is an attractive channel because speaking and
listening are universal abilities, whereas typing remains a
skill which must be learned and practiced. Voice
interaction is less intimidating to the computer-naive
population, allowing them greater machine access.
Anocther advantage behind voice technology is that in
many situations the user is already overloaded with visual
and manual tasks. Shifting some work load to the
auditory channel could potentially reduce the competition
for the limited available resources and thus facilitate
overall performance.

On the other hand, voice input also carries certain
significant disadvantages relative to other input devices.
Voice input is transient. There is no natural feedback
mechanism allowing users to verify their input, such as
when typing or pointing on a screen. Voice input in
systems operating in public or open office environments
can be very disruptive to others, besides suffering from a
lack of privacy and security. Finally, the current error
rates of voice-recognition systems are a significant
disadvantage as compared to other devices. Unlike people,
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VOICE Trecognizers are very sensitive to noise in the
environment and to variations in speech across speakers.

No medium is sufficient by itself. There exist a variety of
forms of communication that can be utilized in human-
computer interaction. Information can be conveyed using
text, speech or visual representation (icons). Natural
interfaces to intelligent systems have much to gain from
the integration of several communication media. Current
interface design, however, incorporates little and limited
integration of media. Humans do, however, have the
capacity to operate in several semsory and motor
modalities in rapid succession and in parallel, allowing
them to deal with a variety of media.

This paper explores the use of voice in a multimodal
environment. Particular attention is given to the
interaction between a human and the Unix operating
system within the context of a novel interface, called
Munix (Multimodal Unix). Firstly, new styles of
interaction offered by a multimodal dialogue are
explained. Next, the design of the vocal grammar for such
an environment is explained. Finally, issues are discussed
in the context of moves towards unifying the
specifications of graphical interactions and natural

language.

2. NEW STYLES OF INTERACTION IN A
MULTIMODAL INTERFACE

2.1 Design guidelines for a multimodal interface

The development of a Multimodal User Interface requires
respect of new criteria which will be illustrated by Munix.
The first one is, in given a system, to obtain an optimal
modality onto function. This mapping is not always
apparent to the designer and may not follow conventional
insight. The discovery of such mappings is ideally made
through the study of what choices users make when given
a selection of functionally equivalent tools in different
modalities.

To realize this principle in Munix, account has been
taken here of ergonomic characteristics of the different
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modalities (keyboard, graphics, voice) so as to identify
those best matched to the task model. Speech has
properties other modalities do not have. For instance, it
can overlap with other types of input. This will result in
improved throughtput of information [Jones 89]. It can be
combined, to advantage, with other tasks, but only if they
are non verbal. Nevertheless, this modality is not suited to
certain kinds of function, such as manipulating objects. In
this case, the mouse will be more convenient.

A second important criterion is to estimate the qualitative
result of probabilistic media (i.e. where results are not
guaranteed as 100% reliable, eg. speech recognition) used
in a multimodal interface. As several media can be
employed together to realize a task, it is necessary that
they provide good results. Otherwise, the definitive
interpretation of the request can be compromised.
Therefore, special care should be taken over the design of
the syntax of speech input. It will be perhaps necessary to
reduce the complexity of the grammar if recognition
€ITOTS are too important.

Finally, the assignment of function to modality should
preserve the coherence of the task component. In a
multimodal interface, the content of a request can be
shared by several modalities. Therefore, the user will be
more efficient if, for instance, speech is assigned in a
consistent way to a component of the task. In Munix, the
user can always use speech to issue commands but the
entry of data will be assigned to keyboard.

2.2 Complementarity of modalities

One of the interests of this aspect is to paliate
insufficiencies of speech. For instance, in Munix, it is
impossible to represent verbally all the elements of the
Unix operating system [Lefebvre 92]. In addition, the
name of such elements is highly variable, depending on
either the Unix system or on specific choices made by the
users.

To solve this problem, resources of the Unix system have
been represented with an icon-based approach within a
multi-window environment. Icons are graphical
representations of real-world artefacts encoded in a
symbolic form. They can be used to represent a wide
range of objects such as documents, files, users.

Another aspect of complementarity is the additional
functionality brought to a specific modality by other
modality(ies). For example, Xspeak [Schmandt 90]
associates words as names for each on-screen window.
Speaking a window's name moves it to the front of the
screen for foreground input. With this possibility, the user
will be able to select a window verbally in a more efficient
way than via the mouse. In Munix, multimodal dialog
boxes have been developed to present options of a Unix
Command. Initially [Lefebvre 91}, the speaker could only
initiate two options with voice to reduce the possibility of
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errors due to sentences too long to pronouce and be
recognised with a sufficiently high level of reliability.
With multimodal dialog boxes, the user can see the
different options offered with a specific command. In this
way he can either point with mouse or complete his basic
command with options entered by voice.

2.3 The different styles of interaction

In a multimodal interface, four styles of interaction have
been identified (exclusive, alternate, concurrent and
synergistic) [Gourdol 92]. Munix offers all of these new
styles of interaction with the sole exception of the
concurrent multimodality.

The exclusive mode is the most traditional interaction
mode. It offers only one accessible modality and the
production of the different requests must be sequential.
For instance, the user can say to the recogniser : "I want
to see the free space on the disk". Finally, when
command execution has terminated, he closes the
window.

The alternate mode can produce one request with several
modalities but one after another. For instance the user
announces: "I want to remove a directory”. A dialog box
appears on the screen to invite the user to indicate the
name of this directory.

In the synergistic mode, the user can produce a request
using several modalities at the same time. For instance,

he can invoke the following request : "send this to the
printer" while pointing with the mouse at the icon

representing the file.
fr
+

l'send | | s |

| fothe printer |

Figure 1 A synergistic interaction

Lastly, the concurrent mode offers the user the possibility
to accomplish a number of tasks with several modalities.
This is not however supported in the Munix interface
because this style of interaction has been found to be
difficult to master by novices users.

3. SPEECH IN A MULTIMODAL ENVIRONMENT
3.1 Characteristics of spoken language with Unix

The speech recognition board used in the system is the
Vecsys Datavox. This product is oriented towards

connected word recognition, in single-speaker mode.
Training and recognition algorithms use Dynamic Time
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Warping, and the system works under the MS-DOS
operating system. Events from the speech input system
are therefore signaled to the target Unix-based user
platform via the serial port. The request appears finally in
the multimodal communication box (displayed using the
X-Window graphic interface).

Three important characteristics of multimodal dialogue
with Unix can be highlighted. Firstly, studies have shown
that, in a specific task context, users tend to employ a
highly specialized vocabulary, with a random free-form
syntax characterised by short phrases - termed an
operative dialogue [Falzon 89].

The second aspect refers to asynchronism. The various
communication modalities can work in parallel, and one
task is to unify the various elements of the user request.
There can be great flexibility in their order of production.
This will influence the design of the speech grammar
since it is necessary to take into account, at the syntactic
level, the temporal dimension with individual rules so as
to promote synergy between the different modalities.

Finally, deixis provides the user with the capability to
select graphical objects. Certain words (e.g this, that,
these, it) have to be represented in the speech grammar.
They allow linkage between voice and graphical modality.
Hand gesturing has been selected in the iconic shell to
select resources needed for specific commands (e.g copy,
save, print).

3.2 The model of interaction

The main interest in using speech in the human-computer
interface depends on the natural assignment between
modalities and the different components of a request.
Before justifying this affirmation, the model of interaction
adopted for a Unix command is presented.

The final model chosen presents three entities of the Unix
domain (there is no imposed order). This results in the
following form:

Action - Objectfs] - Option/s]
with
ACTION: a word or an expression expressing a Unix
command (list, kill, remove, etc)

OBJECTI[S]: one or several ressources of the Unix system
(files, process, users, etc)

OPTIONJS]: one or several options of the command (by
page, with permissions, sorted by date, etc)

This rule is based on the basic model of the Unix
commands, objects and options corresponding to the
arguments of the command. Note that this model is more
flexible than the keyboard modality which demands that
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the action is the first element of the request.

The main benefit of this model is to represent the objects
of the commands with the graphical modality. In this
way, they can be easily selected with the mouse. The
action and choice of options are given either via the voice
modality or the graphic modality.

The speech grammar presented here follows the model of
interaction defined in Munix. The distinction can be
made between three kinds of sentences. Firstly, there is
the effective sentence pronounced and whose encoded
form is given to the speech recognizer. Secondly, the
recognized sentence is the result of the recognition of the
effective sentence. Finally, the useful sentence is obtained
by matching with the application grammar.

The folowing example illustrates these principles :

- show me the directory page by page is the effective
sentence issued by the user

- show this directory by page is the recognized sentence
with the Datavox System

- show directory page is the useful sentence according to
the application grammar

3.3 Special problems posed by a multimodal interface

Some deviation from ideal methods will be required for
practical reasons, one being the limited recognition
capabilities that computers can provide. The performance
of current recognition technology falls somewhat short of
that of a human, and in many cases the dialogue must be
simplified when directed toward the computer.

The model of interaction illustrates that speech has a
limited role. This is, however, attributable to the fact that
current technology for speech recognition is not powerful
enough to be considered as a replacement for interfaces
based on windows-icons-mouse-pointing.

For instance, the act of “killing a process" can be
initiated with voice, but this request is incomplete. The
graphical modality via an alternate dialogue will follow
this request showing the list of processes on the system,
and propose to the user to select those he wants to kill. In
this case, "wrappers" are used that can receive data from
the text application, and then translate that data into a
graphical form on the screen.

Neverthless, speech is relatively a new form of input, and
in combination with graphical modality, can provide
human-computer interfaces that are more natural than
those based on the desktop metaphor. It is important that
these two modalities are studied in terms of how they
work together, not just how they work individually.
Moreover, some forms of information can be conveyed
with text, but text by itself is inadequate in representing
all information.
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4. UNDERSTANDING MULTIMODAL DIALOGUE
4.1 The levels of interpretation

Parsing a multimodal request can be used as a context to
investigate the similarities and differences between visual
linguistics and verbal linguistics. In Munix, we make the
assumption that there is a lexical, syntactic and semantic
level of interpretation in both.

The lexical level determines how input tokens are actually
formed from verbal or graphic operations. These tokens
are the smallest units of meaning with respect to the
syntax of the dialogue. For the graphic modality, they can
be icons, items in a menu, or windows. In all of these
different elements, the multimodal parser will translate
graphical references to textual ones. For the verbal
modality, tokens are words that constitute the vocabulary
of the application.

The syntactic level describes sequences of inputs, that is,
the rules by which sequences of words (tokens) in the
language are formed into proper (but not necessarily
meaningfull) sentences. For the verbal modality, this level
allows description of the sequence of the logical input.
The graphic actions such as dragging an icon and filling a
dialog box, can also be considered as syntactic rules.

Finally, the semantic level describes the functions
performed by the system. It determines what information
is needed to perform each function and the result of
performing it. In Munix, the semantic-level specification
provides the high-level model of abstraction of the
functions of the Unix task. The semantic of the graphical
modality corresponds for instance to the validation of
graphical actions such as dropping an icon on another
icon.

4.2 The architecture of the Munix multimodal
interface

Figure 2 presents the general architecture of the system,
which is characterised by the following modules:

- X server: inserts into an event queue events from
keyboard, mouse and speech input system via the
serial port.

- Multimodal event administrator: labels the various
objects, using the event identifiers transmitted by
the server, according to their source (keyboard,
speech, mouse) and their time of arrival.

- Multimodal syntactic parser: finds and interprets
anchor points within the complete request
structure, using the application-specific lexicon in
conjunction with a context-free grammar.

- Semantic unifier: constructs a unified representation
of the wuser request, independant of the
communication modality by which each object was
signalled.
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- Command generator: generates the Unix command
within an X-Window, using the anchor points in

conjunction with the task model.
Koo

Multimodal event
administrator

N
Mutltimodal
syntactic parser
sl

Sem;: e_(Task modeD
\z

Command
generator

Figure 2 The architecture of Munix
5. CONCLUSIONS

The human-computer interface designer should consider
all possible dialog styles and modalities against user and
task characteristics. Modalities can often be effectively
combined to tap the advantages and alleviate the
disadvantages of individual dialog styles. The key to
multimodal interfaces, however, is smooth integration.
This is achieved by building-in consistent rules for the
assignment of interface components to dialog styles.
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