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Abstract. Researchers have conducted studies in various application areas to model
human behavior during multimodal interactions with a real or simulated system. We
propose a theoretical framework based on “types” and “goals” of cooperation between
modalities. Using a survey of current multimodal research, we analyze several mul-
timodal experiments and systems, examining which aspects of our framework were
already considered by the researchers, and what elements the proposed framework
could have added to these investigations. It is our hope that the framework will make
it easier to link user observation on one side and software design on the other side.
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1 Introduction

In the area of multimodal system design, user studies have been conducted to explore how
users combine modalities when interacting with real systems. To free the experiment from the
limitations of today’s technology, many experiments use a “Wizard of Oz” approach, in which
the functional part of the system is simulated by a hidden human participant. Because of the
complexity of such studies, experiments generally focus on one or more aspects of multimodal
human-computer interaction. For instance, several studies have investigated the role of time in
multimodal input interaction (i.e., are spoken deictics simultaneous with related gestures?).
The methods used for analyzing the resulting multimodal corpus often ignore important
information that might prove useful for the development or improvement of the multimodal
system being considered.

In this paper, we define our terminology and our framework, and explain how the frame-
work has been applied to multimodal system development. We provide a survey of ten existing
multimodal experiments and discuss how they fit into our framework. By doing so, we es-
tablish a list of questions that we believe should be answered when analyzing a multimodal
corpus.

2 A framework based on cooperation between modalities

We have developed a conceptual framework called TYCOON for building multimodal systems
(see Martin and Béroule 93, Martin et al. 95 for more detail). This framework answers the
following questions: “What is multimodality?” and “Why should we use multimodality in
human-computer interaction?”

There is no real agreement on the definitions of “media” and “modality”. In this paper
we use our own definitions, which are as follows. A “media” is a physical device enabling the
exchange of information between the user and the computer. Examples of media are keyboard,
mouse, pen, microphone, screen and loudspeaker. A “modality” is a way to exploit a specific



media. Examples of modalities are typed command language, typed natural language, spoken
natural language, 2D gestures with the mouse and 2D gestures with a pen. During user
interactions, “chunks” of information are transmitted across several modalities from the user
to the computer and vice-versa. Related chunks of information can be grouped into higher-level
entities (i.e., commands). As for “multimodality”, we propose the following definition: “the
cooperation between several modalities in order to improve the interaction”. More precisely,
we have listed six basic “types” of cooperation between modalities:

— complementarity: Different chunks of information belonging to the same command are
transmitted over more than one modality;

— redundancy: The same chunk of information is transmitted using more than one modality;

— equivalence: A chunk of information may be transmitted using more than one modality;

— specialization: A specific chunk of information is always transmitted using the same
modality;

— concurrency: Independent chunks of information are transmitted using different modalities
and overlap in time;

— transfer: A chunk of information produced by one modality is analyzed by another modal-
ity.

As our primary aim was the building of multimodal systems, our conceptual framework pro-
duced formal notations and two software tools: a specification language and a multimodal
module. We have applied these tools as a configuration system for a prototype enabling mul-
timodal interaction with a map (Martin 97).

The second dimension of TYCOON is called “goals of cooperation”. This describes the
requirements of a human-computer interface: the system must recognize and understand the
messages sent by the user (and vice-versa), the system must be intuitive to use, interactions
must be fast enough, and the system must adapt to different users and to different environ-
mental conditions. As we will see in the next section, a type of cooperation may be involved
in several goals. Regarding user studies, this dimension is very open and can be extended
with any other goal to be tailored to a current user study. Symmetrically, a user study may
choose to focus on only one of these “goals” of cooperation between modalities.

3 A survey on user studies for multimodal interfaces

Several multimodal user studies and Wizard of Oz experiments have already been published.
To have a global view of existing user studies for multimodal interfaces, we analyzed ten of
them as they were described in the literature. Table 1 summarises this survey.

4  Existing multimodal studies and TYCOON

We have compiled a list of questions based on our framework. We believe that such ques-
tions should be answered when analyzing a multimodal corpus to ease the specification of a
multimodal module. Existing studies have answered some of them.

4.1 What are the monomodal features of a user’s behavior?

This question is often tackled in user studies. It has an obvious impact on the development
of software modules managing each modality as speech and gesture. Several studies, such
as (Guyomard et al. 95, Oviatt et al. 97), propose categories of words and gestures from
their corpuses. A speech-only session is often compared to a multimodal session to determine
whether availability of several modalities modifies spoken behavior (i.e. a smaller set of word
categories makes speech recognition easier).



Guyomard et al. 95 |Oviatt et al. 97|Denda et al. 97  |Trafton et al. 97|Fais 97
application |tourist real estate tourist tourist map manipulating

map and map and hotel a map

map update booking
real or both simulated real simulated real
simulated
input speech speech speech keyboard speech
media tactile pen tactile (natural keyboard
and screen (pointing, screen language) tactile screen
modalities drawing, (pointing) mouse
writting) menus

output speech speech speech graphics speech
media graphics graphics graphics graphics
and text text
modalities persona

Ando Mignot and Huls and Petrelli Wang

et al. 94 Carbonel 96 Bos 95 et al. 97 et al. 93
application |interior interior file form using

system system manipulation filling a graphical

design design interface
real or both simulated real simulated real
simulated
input speech speech keyboard pen mouse
media tactile tactile (limited (pointing,
and panel screen language) drawing,
modalities mouse writting)

menus

output graphics speech speech graphics speech
media graphics graphics text graphics
and text text
modalities

Table 1. Summary of a survey on ten multimodal user studies. The five columns in the upper table
deal with map-based domains, whereas the lower five columns deal with other kinds of applications.

4.2 Does the subject use complementarity? Why? Which criteria should be
used by the system to merge the chunks of information?

Complementarity means that different chunks of information belonging to the same command
are transmitted by the subject using more than one modality and must be merged by the
system. Thus, the system must detect complementarity and must know which fusion criteria
to apply. Some studies have observed subtypes of complementarity in the subject’s behavior.
In (Guyomard et al. 95, Siroux et al. 97), deictics were observed in examples such as “Are
there any beaches in this locality?” completed by a touch on a locality. Other observed
examples involved different combinations of oral utterance and tactile activities. Examples of
substitution of the linguistic referent with the tactile designation (e.g., “What are the camping
sites at ?” completed by a pointing gesture on a town) had a low frequency. When addressing
similar questions, different experiments sometimes get different results. Some experiments
observed temporal relationships between speech and gestures, such as temporal coincidence
(Catinis and Caelen 95) or temporal sequence (Oviatt et al. 97); others did not observe any
temporal relationship at all (Mignot and Carbonell 96). It appears that the type of microphone
(phone handset, head microphone, or table microphone) and the medium used for gestures
(tactile screen or pen) might modify the multimodal behavior of the subjects, including the



role of time. Regarding the goals of cooperation, complementarity may be useful in improving
speech recognition (Oviatt et al. 97) or making interaction faster (Huls and Bos 95).

4.3 Does the subject use redundancy? Why? Which criteria should be used by
the system to merge the chunks of information?

Redundancy means that the subject sends to the computer the same chunks of information by
using two (or more) modalities. Redundancy was observed in (Guyomard et al. 95, Siroux et
al. 97): a confirmative relationship for which the oral syntagma was sufficient was accompanied
by a tactile designation that was redundant with the linguistic reference. On the other hand,
redundancy was very rarely observed in (Oviatt et al. 97). In only 2% of the commands,
speech provided duplicate but less precise information about location. Symmetrically, drawn
graphics provided partially duplicated information about the type of object followed with more
precise speech. In (Mignot and Carbonel 96), continuous gestures were combined with a direct-
manipulation spoken style (and high redundancy between both), but discrete gestures were
combined with a communication spoken style (and low redundancy between both). In (Petrelli
et al. 97), when very short labels (one character) were available, users strongly adopted a
redundant strategy (they referred to the object in a linguistic way and used pointing, too).
There may be a reason that redundant behavior is seldom considered in user studies. Such
user studies should try to find out this reason so that the system can make inferences on
a subject’s intentions and determine which criteria to apply to merge redundant chunks of
information.

4.4 Does the subject makes use of equivalence? Why?

It may appear that in some case, the subject uses speech to get some information, and then
later uses gesture to get the same type of information. We call this behavior “equivalence”,
which does not mean that there is no difference between the two modalities. In fact, it could
be of interest to know whether there is a particular reason for the subject to switch from
one modality to the other. This information is seldom analyzed in multimodal user studies.
Instead, user studies provide statistics on all possible types of command and the modality
with which they were expressed most often. Equivalence within a single user’s behavior is
ignored.

4.5 Does the subject use concurrency? Why?

Concurrency means that independent chunks of information are transmitted on different
modalities and that they overlap in time. User studies can be useful in finding out how much
it happens in a user’s behavior. In fact, it is seldom observed in a multimodal corpus. Yet,
in (Mignot and Carbonel 96), one example was observed: the user was speaking a command
when he realized that he had to move a piece of furniture before executing the command, so
he used gesture to move the furniture while continuing to speak.

4.6 Does the subject use specialization? Why?

Specialization means that a specific type of information is always transmitted through the
same modality. For instance, what can we learn from a corpus where a subject always uses
speech for commands providing the locations of buildings (“Where is the shopping center?”)?
It is possible to make a distinction between several subtypes of specialization. The specializa-
tion may be relative to the modality (i.e., the subject does not use speech for command other
than the location of building; yet the subject also asks for the same information with a gesture
modality). Symmetrically, the specialization may be relative to the type of commands. Such
information can be useful to a multimodal system because it can help to make predictions by
improving the recognition of the commands in which a modality is specialized.



4.7 Multimodal versus monomodal

In user studies, the rate of observed multimodal commands is often compared to the rate of
monomodal commands. This may help the system to decide whether the type of cooperation
brought into play is multimodal or monomodal. In (Oviatt et al. 97), 19% of the corpus is
multimodal, 17.5% pen-only and 63.5% speech-only. In (Petrelli et al. 97), users with pre-
liminary computer experience performed 84% multimodal input (with shorter written input
and transferring part of the reference meaning on the pointing) and nonexperts only 30%. In
(Mignot and Carbonel 96), knowledge about the type of command can be used to infer the
probability of use of multimodality (58% of rotation commands are expressed multimodally).
Yet, details contrasting possible subtypes of multimodal (either redundant or complementary)
and monomodal behavior (equivalence, specialization, concurrency) are not always provided.

4.8 Are there strong differences between individuals?

In (Siroux et al. 97), the rate of use of the tactile screen differs a lot from one subject to
another (from 2% to 95%). In (Mignot and Carbonel 96), high interindividual differences
between users were observed: two subjects specialized in each modality according to the
information such as adding new furniture (speech and discrete gesture) or moving furniture
(continuous gesture only) and two other subjects preferred only speech. When redundant
behavior is seldom observed, it is of importance to know whether only one subject used it
during a session. A probabilistic model could help the system know the most likely type
of cooperation between modalities for a given user and hence help in multimodal module
processing. Interindividual differences regarding multimodal behavior should not be ignored
during user modeling.

4.9 Does multimodal behavior change over time?

Answers to this question might be useful in providing the system with online adaptation to a
user’s behavior dynamics. For instance, a specialization of speech in one type of command may
evolve toward equivalence between speech and gesture for this command type. In (Mignot and
Carbonel 96), the percentage of multimodal observations increased between the first session
and the third one.

5 Discussion

5.1 Multimodal output

Although we have focused in this paper on multimodal input to the computer, some multi-
modal user studies also deal with multimodal output. In (Wang et al. 93), it was observed
that redundancy between speech output and text display enabled the user to shorten learning
time for use of a graphical interface. In (Huls and Bos 95), the efficiency of such a redundant
combination was also studied. In (Fais 97), speech output was used along with a graphi-
cal synthetic speaking face (although the content may be redundant, some low-level events
like phonemes are better transmitted using visual cues than simply audio speech). Studies
should also be made about how the subject reacts when the system uses equivalence: this
may help the system in selecting between two “equivalent” modalities. User studies can also
help in finding out whether a concurrent use of several modalities by the system is helpful
and appreciated by the subjects (Bearne et al. 94). Finally, the spatial overlay of the different
visual modalities like text, graphics, or pictures seems to have an impact on the way subjects
integrate the chunks of information they receive (Hare et al. 95).



5.2 Using TYCOON in multimodal user studies

The distinction between complementarity and redundancy is not always mentioned in user
studies. Some authors refer to “combined situations” without giving more details on the rela-
tionship between the content of the information transmitted on the different modalities. This
difference is sometimes lost in statistics opposing monomodal and multimodal behaviors. In
fact, as mentioned in (Mignot and Carbonel 96), the difference is not always obvious. What
looks like a complementarity may in fact be seen as a redundancy when considering the prag-
matic knowledge the subject has of the system. Moreover, each type of cooperation may be
involved at several levels of abstraction, in either the content or the form.

Studies like (Fais 97, Oviatt et al. 97) have evaluated the influence (and transfer of infor-
mation) of the combination of output modalities on the subject’s behavior. Transfer means
that a chunk of information produced by one modality is used by another modality. In fact,
the relationship between the modality used by the subject and the modality used in response
by the system can be seen as a transfer. Transfer is also studied when people use speech to
describe images, transferring information from visual perception to verbal production (Gapp
94).

Finally, multimodal conversations between human (and animated agents) seem to involve sev-
eral types of cooperation: facial expressions can replace sequences of words (equivalence) or
accompany them (redundancy and complementarity), for example, gazing at the other person
to see how she follows (transfer between gaze and speech) such as is described in (Cassell et
al. 94).

We think that TYCOON could be a useful theoretical framework for analyzing multimodal
corpuses. We have provided examples on how some existing studies fit into it. As we believe
that there should be a particular user study for each system, aiming at open theoretical tools
for multimodal user studies can be of interest. A subset of our ideas initially introduced in
(Martin and Béroule 93) was renamed “Care” properties by (Coutaz and Nigay 94) and was
also used in a Wizard of Oz experiment where the wizard is seen by the subject (Catinis and
Caelen 95).

5.3 Conclusion

We have described how a theoretical framework that we originally used for building multi-
modal interfaces could be useful for evaluating multimodal user studies. We have provided
a list of questions that should be considered during the analysis phase of these user studies.
These questions should have an impact on what is recorded during the experiments and dur-
ing the subject debriefing phase. Furthermore, these types of cooperation between modalities
may also provide information about dialogue or the subject’s intentions. What we intend to
do in the near future is to apply the TYCOON framework to provide data analysis for the
multimodal Wizard of Oz experiment described in (Cheyer et al. 1998).
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