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ABSTRACT

We present some results from an experiment in multimodal
human-computer interaction, done under the "Wizard of Oz"
paradigm. This experience is a first glimpse at the use of
future multimodal interfaces by average users. The means of
communication available to the subjects were natural
language and 2D gesture through a touch panel. Two
operators simulated this intelligent multimodal interface. The
subjects tended to make use of the flexibility of the machine
in order to choose a comfortable type of expression. Further
results should influence the design of vocal recognition
systems based on spontaneous speech combined with gesture.

Keywords: spoken dialogue, human factors, natural
language processing, multimodal interfaces.

1. INTRODUCTION

Multimodal interfaces are expected to be powerful, efficient,
and friendly because they accept various forms of orders, of
requests in a natural way. Vocal orders, 3D gestures, a touch
panel, a mouse and a keyboard are offered to users according
to their abilities, to the available time, to their mood, and
adapted to the task. The basic idea of such interfaces is to
propose a wide range of means of dialogue adapted to the
users' needs.

A distinction between multimodal and multimedia has to be
done. Modes describe human means of expression: voice and
various forms of gesture are modes, while media such as
images, keyboards, speech recognition systems, are channels
a machine can use.[1].

The number of technical media is increasing rapidly: new
media are appearing and this is really stimulating for interface
designers. New interfaces associating different media are
proposed for combined use of expression modes to develop
new forms of man machine dialogues.

Some problems still have to be solved. The joint and natural
use of expression modes imposes the taking of numerous
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difficulties into account: forms of speech, vocabulary, orders
joining voice and gesture, etc. Two families of problems can
be discerned, namely (i) problems of media and (ii) problems
of multimodality.

(i) For each specific media, technical capacities are requiered;
for instance, vocabulary size, use of touch panel, and
efficiency of 3D gesture. These problems are due to
difficulties of translation, and description of human activities
according to a specific coding.

(ii) Other problems arise with the joint use of mode. They are
well known: "Put it there”, or "The (point at) by the (point
at)" are two typical forms of natural orders [2].

The main ways to deal with these difficulties are, on the one
hand, to design interfaces able to take into account large
vocabulary, wide context, free co-references - in other words:
friendly and comfortable interface - or, on the other hand, to
constrain human behavior in order to make it compatible
with system capacities by restraining usability.

2. GOALS

The issue we are addressing here is how to define a consistent
compromise between these opposites: powerful enough
interfaces are not yet available and constraining systems are
unusable.

The way we propose is focused on the study of the
spontaneous and natural use of a multimodal interface: an
empirical study of human functioning with multimodal
interface.

This is a typically ergonomical point of view: an approach
based upon analysis of dynamicity of behaviour in a situated
action. It is a reaction against a trend consisting in using on-
the-shelf systems associated to build multimodal interfaces.
Some problems that appear are exciting from a technical
point of view but correspond to seldom used characteristics
from user's point of view. It seems to us more useful and
consistent to define system architecture, technical capacities
and to set up muitimodal interface from human
characteristics.

But there is a gap between foreseeable and available systems.
How can we study human activity and use of non-existent
environments ? This is our second goal: to define a method
compatible with ergonomical study of operators in a situated
action and unavailable devices. We have to confront the users
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with an almighty interface: we must be magicians. The
"Wizard of Oz" paradigm is a good way to simulate such an
interface [3).

3. EXPERIMENT

We chose two types of tasks to investigate the natural use of
modes:

« a process control task, which consisted in the control of a
simulated orange juice pasteurization factory and will not be
detailed further here;

« a 2D manipulation task, where the subjects were asked to
furnish a flat according to a given plan and with certain
constraints (fig 1). Eight scenarii were proposed with various
tasks and rooms.

E)

Figure 1 : map of a kitchen to furnish

The kind of interface simulation used is well known under the
name "Wizard of Oz" (fig 2):

The subjects interacted with their machine using a touch
panel and vocal commands. A video camera and a microphone
allowed two "wizards" to monitor all of the subjects' actions
and commands. One wizard then performed the required
operation, if he deemed it acceptable, and the other one sent
appropriate pre-recorded messages.
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Figure 2: Wizard of Oz installation
Eight subjects volunteered; all of them had some familiarity
with computers as working tools. They used the system in

three one-hour sessions (one per week) made of scenarios of
increasing complexity for both types of task.
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All of the subjects seemed to believe that the system was
real, despite the choice of a liberal interface model [4]. In
fact, the wizards seldomly had to reject a command; they only
did so when it did not fit with the task description that had
been given ("put the refrigerator on the sink™) or when it was
considered of too high a level ("put the cradie so that it is not
in a draft").

4. RESULTS
4.1.INTRODUCTION

The use of speech was related to the lexicon currently
available. As could be expected, speech was used to name the
action ("put”, "rotate", "against the...") and to name pieces of
furniture (“piano”, “chair"). Also, the users tended to use
vocal commands when there was no clear equivalence in hand
motions, such as "again" or "switch”. On the other hand,
gesture was used to physically move the object, as in the
direct manipulation paradigm. It was also used to point at an
object or to describe its physical properties such as its
orientation. Complex commands, such as identify, rotate,
move-and-rotate tended to be multimodal: speech was used to
name the action, gesture to specify the parameters (5).

We have studied the relative proportions of speech and gesture
in the user's commands. For example, we have distinguished
the three following commands to move a couch:

speech only: "put the couch against the east wall".

gesture only: point at the couch and drag it close to the east
wall.

multimodal: "put the couch here” with point at the east wall.

4.2,.COMMAND CLASSIFICATION

A wide range of vocal-gesture combinations appeared, which
we classified into six styles of expressions according to the
relative proportion of information expressed by each mode.
The determining criterion to decide the class of a command
was whether the action and its arguments were correctly and
sufficiently defined in the vocal or gestural expression [6].
The following notations were used:

V: Vocal, no gesture at all.

Vg: Vocal sufficient, finger or hand motions are present
but are not sufficient to understand the command but
carries some redundant information.

VandG: Vocal and gesture are both necessary to
understand the commands.

VorG: Vocal and gesture are both sufficient, they are
fully redundant.

Gv: Gesture sufficient, vocal expression is present and
carries some information but is not sufficient to
understand the command.

G:  Gesture, no vocal information.

All subjects used at least once each of the six interaction
styles, although some strong differences appear between
them. Some general conclusions can nevertheless be drawn
and will be presented hereafter.
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4.2.1.Importance of Monomodal Commands

Tables 1 shows the number and percentage of commands in
each class of expression for the last scenario. We only
mention commands that deal with objects, as opposed 0
interface management commands ("yes", "no", “"end",
questions...).

only, and gesture with explaining vocal. Multimodal
expressions are not dominant but always present and seem to
result from specific needs, such as complex commands or
lack of vocabulary. As far as the experiment went, the
subjects did not seem to use all multimodal capacities of the
system, e.g., to replace a set of simple, monomodal
command, with a complex, multimodal one.

scenario 8 V_ | Vg |V&G |VorG | Gv G 4.3.1 Inter-individual differences
move 59 4 13 6 100 | 54
move & rotate | 21 18 2 22 | 13 SUBJECT | V | Vg |[V&G |VorG| Gv | G
rotate 52 | 7 15 3 4 5
point at o g |3 Nl |22% | 2% | 12% | 4% |60% | 0%
switch 14 1 N2 1209 4w | 1% | 1% | 21% | 33%
again 7
complex move | 10 3 N°3 18% | 3% | 15% 3% 56% | 3%

>=4601172 | 11 50 11 137 | 79 i

%=138%|2% { 11% 2% 130% | 17% Table 2: breakdown of commands for three subjects

Table 1: breakdown of commands by class of expression

More than half of the considered commands are monomodal,
L.e. only vocal or only gestural. The subjects make more use
of speech and gesture alone than combined.

4.2.2 Importance of redundancy

Another interesting result is the fact that voice or gesture
together often carries redundant information. In an expression
where speech and gesture are combined, most often, only one
of the two is necessary to understand the command. The other
mode does not carry any new information,

The commands where gesture and speech are redundant are
mainly of the class Gv, i.e., gesture is sufficient and the
vocal part is only a comment. A typical multimodal
command is:

speech : "put the couch against the wall, here.”

gesture : point at the couch and drag it against the wall.

In such a multimodal command, the user moves the piece of
furniture with a finger and asks for the same move, but the
vocal location specification is typically less precise, e.g.,
"against the wall".

4.2.3.Few efficient multimodal commands

Surprisingly, less than 10 percent of commands need both
speech and gesture to be understood. For example, in the first
scenario, a VandG command was:

speech: "the desk along the wall.”

gesture: point at the wall and drag to specify the orientation.
Speech was used to name the object and the command, as the
finger conveyed the information about the exact location and
the orientation of the desk.

There were also few move commands that could be fully
understood by either voice or gesture. Full redundancy
between voice and gesture seems rare and not very
spontaneous for the user.

4.3.MODE USAGE

It seems possible to define a standard usage of speech and
gesture. There are three dominant styles: speech only, gesture
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The mean results presented above hide strong personal
differences between subjects, concerning for instance the
chosen style of expression. For instance, subject n° 6
preferred to speak rather than touch the screen, others used
both modes. The capabilities of the multimodal interface
offered to all of them adequate means of expression, hence
exhibiting a great deal of flexibility. A multimodal interface
thus seems to be rather a platform adapted to a variety of
users than a powerful, efficient communication tool.

4.3.2 Intra-individual differences.

For a given command, users tend to exploit the variety of
possible styles of expression, from speech to gesture through
all the different combinations. Users may move objects by
hand at the beginning of the scenario and end by commanding
the computer exclusively by speech. Multimodal interface
offers the ability to be always receptive to the user in the
evolution of the expressions, and styles of command.

4.3.3.Multimodal expression, a user's reaction in front of
uncommon events.

The variety of expressions for a command stems from natural
human variability, but also from the context of use of each
command. The spontaneous behavior of a subject is mainly
determined by the ongoing action, i.e., what the computer
just did and what the subjecis wants to achieve. Multimodal
expressions appear as a way to respond to uncommon events,
and to solve unexpected problems. In front of a command
failure, users have a tendency to change of style of expression
in various ways: some become monomodal, others become
multimodal.

The use of a multimodal expression may also be a way for
the user to cope with an unknown object. For instance, in
scenario 8, there were 15 switch commands; 14 were fully
vocal ("switch the cupboard and the couch™) and the last one
was:

speech: "switch that and that"

gesture: point at the cupboard, point at the couch.

This is a true and efficient multimodal command because the
user was not able 1o name the cupboard, whose icon was
admittedly rather cryptic.
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Lastly, the only paraliel command was:

speech: "switch the cupboard and the couch”

gesture: point at the piano and drag it

The user dragged the piano away because there was not
enough room to execute the switch. The multimodal
expression seems here goal-driven, and achieved two distinct
commands, one on each mode.

The examples above tend to show that multimodal
expressions are a resukt of a user need in front of a problem
or a specific constraint, such as a command failure, a lack of
vocabulary, or a complex task with numerous objects
involved. Multimodal interface seems to be an efficient tool
for the users to tackle unexpected or unknown problems.

5. CONCLUSION

The experiment described here gave some insight into the
behavior of users in front of a multimodal interface. We saw
that the users had three dominant styles of expression:
speech, gesture, and gesture accompagnied by spoken
comments. This implies that the main relationship between
speech and gesture is that of redundancy; in the last case,
speech provides little information in itself.

We showed that there is a specialisation of each mode toward
a set of specific commands: a gesture for a simple move, a
speech for complex tasks, and multimodal expression is
restricted to some specific commands such as rotation or
identification. The use of the complex combination of speech
and gesture could be séen as a spontaneous way of responding
to some constraints, such as complexity of the goal, space
constraints, or lack of vocabulary.

Furthermore, users generally seem to prefer groups of quick,
simple gestures to complex multimodal commands. Such
behavior may lead us to think that the part of multimodal
commands should tend toward zero for expert users who
would employe only efficient and simple monomodal
commands [7]. But the slowness of our simulated interface
probably holds some responsibility for this. As a matter of
fact, with an adequate response time, we think that users
might begin to compress simple commands into more
complex ones, which, as we have seen, are more prone 1o be
expressed in a multimodal way.
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