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ABSTRACT

Robustness has become a major concern in the realm of Man-
Machine communication. The integration of text and speech input
and output channels with applications responds to a growing need for
user-friendly interfaces. How these interfaces will be able 1o master
the various human factors involved and overcome recognition errors
and ambiguities is a crucial issue in their application. Neglecting
these new challenges will drastically limit the acceptance of such
systems. In this paper we focus on the multimodal man-machine
dialogue system PARTNER and present the typology of errors and
ambiguities addressed in the system. Finally we discuss our ideas on
error avoidance as a necessary complement to error management and
present results obrained in the case of a graphic object manipulation
too! application.
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1 INTRODUCTION

The development of natural interfaces has opened a new era
in Man-Machine communication. Such interfaces that do not force
users to behave in a totally constrained and artificial manner, but
rather emphasize flexibility and naturalness, represent a fundamental
change. It is important to identify and to develop architectures
and software concepts that are suitable for the design of systems
aiming at Man-Machine communication. Even if we, being human,
are expert in communication, it is difficult to clearly express the
knowledge and mechanisms involved in the process. Empirical
research in user interface modeling needs to be done. Human-Human
interaction is based on the use of 1) implicit knowledge, 2) a common
consensus among the participants, 3) an expertise in communication
and 4) reasoning capabilities. Man-machine dialogue systems should
acquire those skills.

In this paper it is argued that the introduction of speech, natu-
ral language processing, dialogue and intelligence inside applications
has raised important indirect issues. We believe that error, ambiguity
or more generally uncertainty management is one of the most signif-
icant. Experiments on dialogue prototypes or voice-based systems
have shown that the integration of speech inside applications does
not guarantee their success and that user satisfaction is a strong re-
quirement in dialogue technology. Users are very sensitive to system
errors and will refuse to use a technology that does not address them
properly. The existing limitations in speech technology are part of
the problem but does not explain it all. When dealing with high
level communication channels such as speech, users consciously or
unconsciously expect a certain degree of competence from the sys-
tem. Realistic user models should be defined which requires a great
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deal of understanding on the nature of Man-Machine interaction. It
is clear that the problem of uncertainty is inherent to the interaction
model and that natural interface-based systems have to deal with
error and ambiguity issues as a natural phenomenon.

Uncertainty management techniques have to be identified and
integrated globally in the architectures to ensure robustness and
naturalness. We are convinced that, within today’s technology,
it is possible to develop successful habitable interfaces [1] using
speech as long as the basic characteristics that govern Human-Human
interaction are preserved.

In the next sections, after an overview of the system’s archi-
tecture, we discuss how the problem of robustness has been handled
in PARTNER. Finally we discuss our ideas on error avoidance and
present some results.

2 OVERVIEW OF PARTNER

In the domain of Man-Machine communication, our primary
research direction is the development and the implementation of
a multilingual multimodal man-machine dialogue system indepen-
dent of the application : the system PARTNER [4]. We believe that
dialogue, multimodality and multilinguality are general issues that
must be addressed globally. PARTNER is a generic system that has
been developed to provide a rich and configurable dialogue envi-
ronment. Its goal is to help the design of user-friendly applications
using speech as primary communication channel. An original as-
pect of its architecture is 2 complete separation in terms of dialogue
and application domains. This approach required identifying basic
dialogue principles shared by applications as well as their commu-
nication needs. The system plays the role of an intelligent inter-
face that supervises the user-application interaction. PARTNER has
been designed to handle the dialogue phenomenon while discharg-
ing applications from interactional considerations. Figure 1 shows
its generic architecture.

2.1 Application modeling

An application specification model is used to describe applica-
tions. It is based on a dissociation in terms of control and processing
which allows the dialogue system to formally manipulate applica-
tions and to understand their interactional needs. The application
model is based on the definition of 1) a set of scripts, 2) a set of
application functions and 3) a dialogue database. Scripts represent
the control part ( e.g. scenario ) and are composed of dialogue
instructions. These elementary instructions make the system inde-
pendent of the application. Application functions are activated by
the dialogue system to trigger actions in the application universe or
to get information from the application.
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Figure 1: General architecture of PARTNER

2.2 The main components

PARTNER is in charge of the dialogue activity which includes
1) Input/Output processing, 2) discourse analysis and 3) application
control; while applications focus on their specific task. It has been
implemented as a dialogue server to which applications can connect.
A dialogue toolkit is provided to develop applications. Applications
are responsible for the design of their user interface. The toolkit
provides functions to transmit input events to the server. The
dialogue system is composed of 1) an I/O manager, 2) an application
manager and 3) a dialogue manager.

The YO manager provides drivers to handle the information
flow between the dialogue manager and the outside world. Input
drivers convert input events into semantic structures that will be
given to the dialogue manager for interpretation. Qutput drivers con-
vert semantic expressions into output events that will be perceived
by the user. The current version handles four input modes ( contin-
uous speech, text, mouse and touch screen input ) and two output
modes ( synthesized speech and text output ). All input channels are
available at any time and can be combined to produce actions. A
semantic representation independent of the I/O modes ( Generalized
Interaction Language ) is used to represent the I/O events.

The application manager controls the communication be-
tween the dialogue system and the application and coordinates the
requests exchanged by the two processes. In particular it contains
functions to load the application specification models, activate the
application functions, and ensure the transmission of the I/O events.

The dialogue manager is the central part of the system. It im-
plements a dialogue model whose role is to assure that a coherent di-
alogue is run especially in case of incomplete user inputs, errors and
ambiguities. On top of the application language, a meta-language is
defined to take care of the dialogue phenomena ( e.g. corrections,
elliptical and anaphorical references, repetitions, explanations ... ).

3 ERROR CORRECTION AND
AMBIGUITY RESOLUTION

3.1 Introduction

In PARTNER the problem of error correction and ambiguity
resolution is considered from two different perspectives :

1) To ensure robustness and usability, it is vital for dialogue
systems to overcome recognition errors. Recognition errors cannot
be restricted to perceptive errors from the recognizers and the entire
communication chain must be taken into account. When a concept is
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to be transferred from the user to the machine, alterations can occur
not only in the decoding process but also in the encoding process
and in signal transmission. It requires the handling of errors and
ambiguities :

- introduced by the recognizers ( e.g. bad recognition, misrecog-
nition),

* introduced by the users ( e.g. speech variability, incoherent in-
put, use of out-of-vocabulary words, spontaneous input, change
of mind ),

¢ inherent to the language ( e.g. homophony, ambiguous sen-
tences, ellipses, references ),

* introduced by the communication channel ( e.g. bandwidth,
noise )

2) To ensure naturalness and usability, it is vital for dialogue
systems to provide mechanisms to handle dialogue errors. Dialogue
errors are related to the exchange process and reflect the user’s
appreciation on the application coherence. Those errors require
explicit requests from the user to correct or cancel actions done
previously in the dialogue.

A wide spectrum of errors can be observed. However with
appropriate error recovery techniques, their impact on users can be
drastically reduced since goal completion is their primary concern
[3]. The notion of error should be considered from a user perspec-
tive.

3.2 Our approach

In order to capture the uncertainty a principle of tolerance
has been adopted. It relies on the notion of proximity in the
production/recognition domain. Because variability and distortion
are inherent to the communication process, it is not admissible to
assume that the correct interpretation can always be found or that it
will be assigned the highest recognition rate. As a result a larger list
of possible interpretations has to be proposed. The dialogue context
will help find the right one or the most probable. The constraints
of proximity and eligibility for execution combined are efficient and
allow implicit error recovery.

1 Recognition — N
Ioput — & [T~ Possitle
signal Understanding = Interpretations

Figure 2: Output of the recognition process

In our system uncertainties at the recognition and understand-
ing level are propagated to the semantic level. This approach
allows :

* to raise the uncertainty in context at the highest level ( e.g.
dialogue level ) where decision making is most admissible,

* to have a unified representation of the various phenomena and
a centralized decision module,

* t0o make error management accessible at the discourse level at
the system’s or user’s initiative.

Given a list of interpretations the dialogue strategy consists
of choosing the most probable hypothesis according to the dialogue
context and to run the appropriate dialogue. It is assumed that in the
case of a wrong interpretation the user will react and make an explicit
correction. In our system the ability of correcting and cancelling
input acts is a built-in function of the dialogue model.
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3.3 Coding the uncertainty

A unique semantic representation which is similar to a
case-frame representation [2], is used to represent input events
{ Generalized Interaction Language ). Input acts are represented by a
structure composed of 1) the input device name and 2) a list of GIL
expressions containing eventually error markers. An error marker
indicates that part of the signal could not be labelled. To each inter-
pretation is attached a plausibility score. This technique allows the
coding of errors and ambiguities. Figure 3 shows a typical example.

Input Signal : ‘Paint Delta in red’
Errors : ‘Beta’ has been recognized and 7red’ was not.

Output: 1) [83%)] - Paint Delta in <Color>
2) [71%] - Paint Beta in <Color>

3) [51%]} - Paint Delta

Figure 3: An example of coding

In the next sections we describe the mechanisms that have been
developed for each component of the architecture.

3.4 The application

In PARTNER applications are responsible for 1) the processing
of the task and 2) the management of the user interface. Applications
can customize the dialogue environment through the dialogue toolkit.
At the application level recognition errors can occur in the case of
mouse or touch screen input. The following types of error and
ambiguity have been addressed :

Production skill Due to a lack of accuracy, users may select
a region that does not reflect their intent ( see figure 4 ). It is very
well known for instance that imprecision 1s inherent to touch screen
input. The principle of tolerance encourages the addition of the
meanings of the nearby regions with lower plausibility values to the
list of possibilities.

Designation ambiguity Regions on the screen must be
considered as potentially ambiguous. Depending on the perspective
a region is being seen ( e.g. its attributes ), a mouse or touch
screen input event might transmit different interpretations. If the
application context can reduce the number of possible interpretations,
some interpretations might only be rejected considering the dialogue
context.

Pragmatic incoherence A pragmatic incoherence is de-
tected when an application function operating on the application
universe cannot return properly. It might result from 1) an illegal
command from the user or 2) a wrong interpretation from the di-
alogue manager. In both cases, an error status must be reported.
The system provides ways to get additional explanation at the user’s
initiative ( e.g. Explain meta-command ).

E

Figure 4:

Detection : Area A
Selection : Area A and C

Production skill
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3.5 The /O manager

In a dialogue situation, it is not necessary to completely rec-
ognize a sentence and flexible algorithms that reflect the uncertain-
ties are needed. In our system, an artificial language is used. It
is described by a grammar composed of context-free rules contain-
ing syntactic and semantic information. The approach is essentially
bottom-up and is based on the technique of islands of reliability.
A confusion matrix is applied to the initial phoneme lattice to get
an extended phoneme lattice. Then the most plausible words are
searched out and the rules are applied. The semantic structures
are derived from the syntactic structures using the semantic infor-
mation contained in the grammar. The control strategy allows the
recognition of partially labeled structures and provides the N-best
interpretations of the signal. Errors and ambiguities at the syntactic
level are propagated to the semantic level. The dialogue manager is
able to handle semantic inputs containing recognition errors.

3.6 The dialogue manager

The dialogue manager implements a dialogue model whose
primary objective is to ensure that a concise and coherent dialogue
is being run. In term of error management it interprets the input
event structures coming from the I/O manager and provides dialogue
commands to allow the users make explicit corrections. To ensure
naturalness, a flexible input model has been developed.

Input event management As mentioned earlier input
events are represented by a list of possible interpretations with their
plausibilities. The strategy is to select the interpretation with highest
plausibility which makes sense in the current dialogue context ( i.e.
execution eligibility ). The dialogue context is defined by 1) the
current application context ( i.e. expectations described in the script
being run ) and 2) the dialogue history that allows dialogue meta-
commands ( e.g. corrections, help, repetitions ) to be processed.
A dialogue incoherence occurs when the list provided by the I/O
manager is empty or when none of the interpretations can match the
dialogue expectations. In case of successive dialogue incoherences,
the manager will switch to a help mode.

Explicit correction requests The meta-language pro-
vides four types of explicit corrections that refer either to the active
command ( i.e. application domain ) which is the current command
if it is not complete or else the last command, or the last input act
(ie. communication domain ). These meta-commands are built-in
functions in our system and are automatically available :

* Command correction replaces the values of attributes in the
active command (e.g. ‘no in red’ ),

* Entry correction clears the attributes that were given in the
previous entry ( e.g. ‘correction’ and ‘no’ ),

» Command cancellation undoes the active command ( e.g. ‘can-
cel’ ),

* Entry annihilation returns the dialogue to the state it had prior
to the last entry ( e.g. ‘ignore last entry’ ).

Flexible input model A fiexible input model is a require-
ment for natural and successful communication. The manager
handles 1) explicit correction requests, 2) elliptical forms and 3)
anaphorical forms. It also allows the user to enter incomplete com-
mands. In this case depending on the nature of the missing infor-
mation the user may be asked explicit questions or dynamic default
values will be used to avoid overloading the dialogue. In addition
the manager is able to handle interpretations containing recognition
errors in which case the system will ask the user to repeat the miss-
ing part.
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4 ERROR AVOIDANCE

We believe that error avoidance is a necessary complement
to error management. If it is crucial for systems to be able to
correct errors and solve ambiguities, it is important to prevent errors
and ambiguities from happening and to provide ways to facilitate
man-machine interaction. In this paper we only introduce briefly
the topic and the developments that have been done in our system.
Considering the architecture it requires to address the issue at the
application and dialogue level.

4.1 Application level

The design of a successful user interface is very delicate. When
developing an application the following points should be considered :

» feedback on the interpretation in progress or the processing
being done should be provided,

» the principle of tolerance should be observed for mouse and
touch screen inputs,

* consistency in the design and the interaction language should
be a priority,

« applications should highlight the possible interactional choices.

Dialogue Comments

Sys :system  Usr : user Note: Speech modality always used
unless otherwise specified
Sys: What do you want ?
Usr: Siore Incomplete command
Sys: What should I store ? Request for information
Usr: The cube alpha
Sys: Done
Usr: No gamma Command correction
Sys: Whatelse ?
Usr: And the sphere ... Ellipsis on paint command
Sys: I did not understand ! Sphere name (Delta) not recognized
Sys: Name of the sphere ? Request for repetition
Usr: Bela Delta confused with Beta
Sys: Ok
Usr: No Entry correction
Sys: Name of the sphere ?
Usr: Delta User clicked on Delta ( Mouse )
Sys: Done
Usr: paint alpha
Sys: In which color ?
Usr: No omega Command correction
Sys: In which color ?
Usr: Ignore last entry Entry annihilation
Sys: Entry ignored Restore context before correction
Sys: In which color ?
Usr: paintitin... Gray color not recognized
Sys: I did not understand !
Sys: In which color ?
Usr: .. Gray color not recognized
Sys: Well ? Automatic help engaged
Sys: 1did not understand !
Sys : Is it blue ? List contextual possibilities
Sys: Isitgray?
Usr: Yes
Sys: Done
Figure 5: Typical dialogue situations
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4.2 Dialogue level

General mechanisms have been developed and can be used by
the client applications :

* an assistance mode allows, when activated, to show the possible
inputs available,

* a help mechanism allows to be more precisely guided so that
simpler answers ( e.g. Yes/No type ) can be used,

* an interactive contextual input mechanism allows to build valid
inputs word by word ( text and speech modes ),

» an explanation mechanism allows to get additional information
on the last processing.

In addition muitimodality has been found successful when
persistent errors remain. An alternative mode very often allows
to solve such problematic input. -

5 RESULTS

Figure 5 shows typical dialogue situations that can be ob-
tained with the actual dialogue prototype. The demo application is
Graphic : a graphic object manipulation tool. With Graphic users
can do basic operations ( e.g. paint, reduce , store ) on cubes and
spheres. The dialogue example illustrates several problematic sit-
vations and shows how they can be solved in a cooperative envi-
ronment  ie. user and system ). It shows that, with the error
recovery techniques that have been implemented, users can achieve
their goal with eventually more tumns in the dialogue. A complete
system evaluation is planned in the next few months.

6 CONCLUSION

The introduction of speech in man-machine communication has
raised new fundamental issues. In particular robustness has become
a major concern since it is a prerequesite for usability. A dialogue
technology emphasizing error management is needed. The system
PARTNER that we are currently developing addresses the issue in
the case of a generic architecture independent of the application.
In particular we presented a typology of errors handled by the
system. Our latest results obtained with PARTNER seem prormising,
However field tests have to be conducted to evaluate the system
in terms of performance and user satisfaction. We believe that
important research in user, dialogue and application modeling must
be pursued. Our current interest is in the integration of contextual
dialogue prediction mechanisms into speech recognizers.
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