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ABSTRACT

An understanding of what makes a user interface habitable
and natural is needed. Man-machine interfaces must be helpful and
cooperative to be usable, especially when difficult situations occur
in the interaction. User acceptance of these interfaces depends on
their error robustness and their ability to provide assistance. This
is especially important for error-prone input such as speech. In
this paper we describe several generic mechanisms that have been
developed to provide user guidance and improve naturainess in the
PARTNER man-machine dialogue system. It is shown how these
mechanisms can be used to ease the interaction with naive users and
facilitate error recovery. Finally we present some results obtained
in the case of an object manipulation tool developed with PARTNER.
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1 INTRODUCTION

The introduction of text and speech input and output chan-
nels in applications responds to a growing need for user-friendly
interfaces. A more natural interaction between man and machine
is necessary to make the machines more accessible. The traditional
conception of man-machine interaction shows drastic limitations.
With ever more advanced functions being incorporated into vari-
ous home or office electronic equipment, it is apparent that, for the
average user, operating these devices fully has become a too com-
plex, difficult or burdensome task. As a result many functions are
unused. A user interface should be simple, flexible and coopera-
tive. Consequently there is a tremendous potential for a dialogue
technology that will facilitate the development of such interfaces.
However these interfaces represent a fundamental change and re-
quire new architectures and software concepts. Speech input and
output can greatly contribute to improve naturalness. Experiments
made on voice-based systems have shown that speech itself does
not guarantee the success of an interface and that users expect a
complete dialogue environment. In addition, due to the limitations
of speech recognition, strategies have to be developed to overcome
recognition errors. Realistic user and dialogue models have to be
designed to ensure that the interaction is viable. It requires the de-
sign of a flexible input model in charge of the discourse analysis, but
also the integration of assistance and error correction mechanisms.

These issues have globally been addressed in PARTNER since

we believe that the success of an interface depends on the pres-
ence of each of these mechanisms. In this paper we focus on the
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development that has been made in our system to provide guid-
ance and naturainess in the interaction. Generic mechanisms have
been implemented. In the following sections, after an overview of
the system’s architecture, we present several assistance mechanisms
including 1) dynamic proposal, 2) automatic assistance, 3) contex-
tual help, 4) explanation and 5 ) language completion. Finally, we
briefly highlight our concern for a lively interaction and present
some techniques that have been implemented to reduce monotony
in the dialogue.

2 OVERVIEW OF PARTNER

The framework of our contribution is a real-time multimodal
dialogue system which is independent of the application : the PART-
NER system [1]. It has been designed to facilitate the conception
and the implementation of goal-oriented applications using speech
as the primary communication channel. PARTNER is a generic sys-
tem that provides a configurable dialogue environment. We believe
that it is important to provide a general technology applicable in
different contexts. PARTNER is in charge of the dialogue activity
( i.e. input/output processing and discourse analysis ) and in control
of the applications. It supervises the user-application interaction so
that applications can focus on their specific task. Its architecture
is based on a complete separation of dialogue and application do-
mains. An application specification model has been developed and
allows applications to be described logically. The system has been
implemented as a dialogue server to which client applications can
connect. A dialogue toolkit provides access functions to the server.

2.1 Application development

In PARTNER, an application model is used to describe ap-
plications. The 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 ( i.e. application scenario ) and
are evaluated by the server. They are composed of elementary di-
alogue instructions. Application functions represent the processing
part and allow the dialogue system to interact with the application
universe. In particular actions can be triggered in the application or
information can be obtained from the application model.

Applications are responsible for the design of their user in-
terface since the dialogue server has no direct interaction with
the user. The toolkit provides functions to configure the dialogue
server and control the interaction. In particular functions to transmit
application-dependent input events ( e.g. mouse, touch screen and
text inputs ) to the server are provided.
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Figure 1: Generic architecture of PARTNER

2.2 Architecture of PARTNER

Figure 1 shows PARTNER’s generic architecture. The server
is structured around three major components : 1) an input/output
manager, 2) an application manager and 3) a dialogue manager.

The I/0 manager provides drivers to handle the information
flow between the dialogue manager and the user. The current
version controls four input drivers ( continuous speech, text, mouse
and touch screen inputs ) and two output modes ( synthesized speech
and text outputs ). All input channels are available at any time
and can combined to produce actions. To describe speech and text
input/output events, a restricted natural language is being used.

The application manager controls the communication between
the server and the applications. In particular it contains functions to
load the dialogue scripts from the application and the application-
dependent language database.

‘The dialogue manager implements a dialogue model. It
interprets the input events coming from the I/O manager in context
and pilots the execution of the application. Its main objective is
to assure that a coherent dialogue is being 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. requests for correction, explanation,
help or repetition ).

3 TOWARDS A COOPERATIVE
INTERACTION

3.1 Introduction

Cooperative interaction is a key factor that greatly conditions
the usability of most applications. In PARTNER, several comple-
mentary assistance mechanisms have been introduced to keep the
dialogue active and coherent. They are generic and part of the di-
alogue model. Most of the mechanisms are activated when needed
at the user’s initiative. It is important for users to be able to specify
the degree of assistance they need ( i.e. from naive mode to ex-
pert mode ). However, when problematic situations are detected by
the dialogue server, some of these mechanisms might be engaged
automatically at the system’s initiative.
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In this framework assistance techniques offer significant ben-
efits not only in terms of ease-of-use but also in terms of error
recovery and leaming. When dealing with voice-based applica-
tions, it is important to provide ways that will help users acquire
the application language.

To improve the user’s ability to use an application, the follow-
ing generic assistance mechanisms have been developed. Note that
the dialogue server controls their execution, but that the knowledge
sources are defined in the application model. Depending on the
mechanism used, the server can get the information needed from
the scripts, through specific application functions or in the dialogue
database.

1 Dynamic proposal

This mechanism can be to used to propose an answer to the

user whea he is asked a specific question. In case of a good

guess, users can validate the proposal by entering a limited
answer such as Yes.

2 Automatic assistance
Automatic assistance is a mode that can be turned on or off.
When activated a list of possible answers will be provided
for each question registered with that mode in the subsequent
dialogue at the user interface level.

3 Contextual help
Users can enter the help mode to obtain a list of possible
choices at the dialogue level. In this case simple answers can
be used ( e.g. Yes/No type ) to validate the desired entry.

4 Explanation
Users can use the explain meta-command to get additional
information on the return status of the last command.

S Language completion
This mechanism allows the user to build valid inputs word by
word ( available for text and speech channels ).

Sys: What do you want ?

Usr: Paint the cube alpha in yellow
Sys : Ok

Usr:  Storeit

Usr: Store alpha

Sys : Sorry, impossible request

Usr: Why
Sys: The cube alpha is already stored
Usr :

Figure 3: Example of explanation request

These five standard mechanisms are available for any appli-
cation developed with PARTNER and must, whenever possible, be

Sys: Whatelse ?
Usr:  Paintalpha
Sys : In which color ?
Usr : In red
Usr:  Paint the cube gamma
Sys : In which color 2 Isitred ?
Usr : _
Note : In this example, the color red used to
paint the previous object is proposed

Figure 2: Example of dynamic proposal
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Sys: What do you want ?
Usr: Paint omega

Sys: In which celor ?
Usr: Paint it in uellow
Sys: What else 7
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Figure 5: Example of speech completion

integrated. On the other hand we believe that application-dependent
assistance mechanisms should not be neglected. The design of an
interface and the user feedback it provides are essential as well.

In the following sections we detail three mechanisms : auto-
matic assistance, language completion and contextual help. Figure 2
illustrates the generation of a dynamic proposal and figure 3 shows
an example of an explanation request.

3.2 Automatic assistance

The automatic assistance mode is a mode inside the dialogue
server that users can activate to get a continuous assistance from the
interface. When activated, the interface will be asked to display the
possible choices corresponding to the current immediate dialogue
context, as a pop-up window for instance. From that moment users
can use any input mode to enter the information, in particular they
can click on the entry.

‘When a question is being asked to the user, the server checks
in the application scripts if an application function of the type
assistance has been registered with the missing attributes; in which
case the function will be automatically called by the server to get the
contextual list from the application representing the possible choices.
After some processing it will be sent back to the application for
display. It is the application programmer’s responsibility to declare
assistance application functions in the scripts and assistance may be

or may not be present at selected points in the dialogue. Figure 4
shows a typical assistance session.

3.3 Language completion

A language completion mechanism is provided to build valid
inputs interactively. It corresponds to a mode inside the dialogue
server that can be turned on or off at the user’s initiative. It has been
designed to allow naive users to operate an.interface and acquire the
application language progressively. In this mode, speech and text
inputs can be edited and entered word by word. At each step the
dialogue server provides the application with the next possible word
candidates completing the initial input. The completion is contextual
and only valid inputs that make sense in the dialogue context
are generated. Valid inputs are inputs that are syntactically and
semantically correct. They are predicted by the dialogue manager
from the current application context and the dialogue history. The
semantic constraints given by the dialogue manager are used to
generate the syntactic structures from the application language.

Note that the list of possible word candidates is sorted in
plausibility order such that words related to the immediate dialogue
context are on top of the list.

The text and speech completion modes can be turned on or
off at any time. Inside a completion session, other modalities
(e.g. touch screen or mouse mode ) can be used if found more
appropriate. Figure 5 shows a typical completion sequence.

Alpha )
Beta — w—
O ) (3] (e ] (B ) (Bepemt ] | ff oo =] (¥en ) (o | (e ] (e ] [Repemt ] | ey ]
2 ] = H
Usr: Paint omega in yellow | Sys: I did not understand !
Sys: What else ? Sys: Name of the cube 7
Usr: Paint the cube ... Usr: Beta
Sys: I did not understand ! Sys: In which color ?
Sys: Name of the cube ? Sus: Is it yellow ?
'E I
1! \d
- - : -
Figure 4: Example of automatic assistance
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Sys: What do you want ?

Usr: Help
Sys : Should I paint something ?
Usr: Yes

Sys : What should I paint ?
Usr: the cube alpha
Sye : In which color ?

Usr: Help

Sys: Isitred ?

Sys : Is it blue ?

Sys : Is it yellow ?

Sys : Is it purple ?
Sys : No more help
Sys : In which color ?
Usr: In yellow

Figure 6: Example of contextual help
3.4 Contextual help

The help mechanism allows the user to be more precisely
guided in the dialogue. When activated, the dialogue manager
will ask specific questions corresponding to the possible choices
available in the immediate dialogue context so that limited answers
(e.g. YesNo type) can be used. Its implementation is very
similar to the assistance mechanism described earlier and application
programmers can register application functions of the type help in
the scripts. In PARTNER the help mechanism can be activated at
the user’s or system’s initiative.

* User’s initiative
When the user does not know what to answer or what are the
possible choices to choose from, the help meta-command will
activate the mechanism.

« System’s initiative
After two successive non-interpretable inputs, the server will
automatically engage the help mechanism to provide assistance
and keep the dialogue active.

Figure 6 shows an example of help activation at the user’s
initiative. Note that the scope of the help mechanism is limited to
the current input.

4 NATURALNESS IMPROVEMENT

In man-machine communication robustness and naturainess are
two crucial issues that primarily require the development of 1) flex-
ible discourse models accepting natural input, 2) error management
techniques and 3) assistance mechanisms to achieve usability. How-
ever another aspect of naturainess is variety. For a better acceptance
a lively interaction is desirable and some techniques have been in-
troduced in our system to help reducing monotony in the dialogue
and make it more fluent. It includes :

* Development of meaning-to-text algorithms which produce var-
ied syntactic structures,

= Activation of proposal,

* Use of default values to reduce the number of exchanges as-
suming that explicit correction is always possible,

+ Randomness in the execution of the application scripts to obtain
different -outputs.
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We believe that important efforts need to be pursued in this
direction. Figure 7 shows an example of variable output.

Sys: What do you want ?
Usr: Paintalpha in yellow

(1) Sys: Whatelse?
Usr :

(2) Sys: Done
Usr: _

(3) Sys: Ok
Sys: What do you want ?
Usr:

Figure 7: Example of variable output

5 EXPERIMENTS

Two applications have been developed using the PARTNER ar-
chitecture. Currently the assistance mechanisms are being assessed
in the case of the second application which an Inzeiligent Home Ap-
pliance Conzroller ( THAC ) designed for voice control of various
home equipment such as compact-disk player, VCR, telephone or
answering machine.

6 CONCLUSION

In the domain of man-machine communication it has been
shown that a cooperative interaction is needed to ensure the success
and the usability of voice-based applications. In this paper we pre-
sented five generic assistance mechanisms that have been developed
in the application-independent multimodal dialogue system PART-
NER. The proposed mechanisms are complementary and correspond
to different user needs and different user level ( e.g. naive, occa-
sional or expert users ). Our latest results seem promising. However
field tests have to be conducted to evaluate the system in terms of
performance and user satisfaction. We are currently extending the
language completion mechanism described in this paper to integrate
contextual dialogue prediction mechanisms into speech recognizers.
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