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INTRODUCTION

The development of new interactive devices and 
technologies such as speech recognition, visual 

recognition and gesture recognition enriches User 
Interfaces (UIs) interactions and allows user to 
interact with systems in a more natural way. Mul-
timodal User Interfaces (MUIs) are characterized 
by several possibilities, defined as modalities, to 
interact with the systems. The users can choose 

AbsTRACT

Multimodal User Interfaces (MUIs) offer to users the possibility to interact with systems using one or 
more modalities. In the context of mobile systems, this will increase the flexibility of interaction and will 
give the choice to use the most appropriate modality. These interfaces must satisfy usability properties 
to guarantee that users do not reject them. Within this context, we show the benefits of using formal 
methods for the specification and verification of multimodal user interfaces (MUIs) for mobile systems. 
We focus on the usability properties and specifically on the adaptability property. We show how tran-
sition systems can be used to model the MUI and temporal logics to specify usability properties. The 
verification is performed by using fully automatic model-checking technique. This technique allows the 
verification at earlier stages of the development life cycle which decreases the high costs involved by 
the maintenance of such systems.
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the most appropriate modality for a given situa-
tion which allows them interacting with systems 
anytime and anywhere. They can also use more 
than one modality to accomplish a given task. 
For example, they can use speech and gesture to 
move a graphical object from an initial to a target 
position. This was studied by R. Bold in (Bold, 
1980) through the command “Put That There” us-
ing speech and gesture modalities. The gesture is 
used to indicate the initial and the target positions 
of the object to be moved.

With the emerging technologies such as 
ambient, intelligent and ubiquitous or pervasive 
computing, various input and output modalities 
are necessary to enable efficient interaction with 
these systems. The latter are mainly character-
ized by the multiplicity of users, variety of use 
contexts and user mobility. At present, MUIs are 
developed for many of such systems using mo-
bile devices like PDAs and mobile phones. The 
degrees of freedom, offered to users to interact 
with these systems, enhance their flexibility and 
adaptability to different kinds of users, such as 
people with special needs, as well as to dynamic 
environments and ambient systems. The choice 
given to use one or more modalities improves 
their accessibility to various usage contexts, and 
enhances the performance stability, the robustness, 
as well as the efficiency of communication. For 
example, the user may interact with the system by 
using speech or, if the environment is too noisy, 
he/she can use press keys.

The development of such systems has been 
studied through different aspects. The usability 
of User Interfaces is a one of these aspects. It is 
a measure of the efficiency and satisfaction with 
which users can achieve their goals through these 
UIs. It is captured through a set of properties called 
usability properties. Many usability properties 
were defined for WIMP (Window, Icon, Mouse, 
and Pointing device) interfaces and MUIs, but 
the characteristics of mobile systems require the 
consideration of new properties that must be sat-
isfied to increase their usability. For instance, in 

a mobile environment users can switch between 
modalities according to their efficiency in a given 
environment. In an ambient system, users having 
different profiles must be able to interact with the 
system. The user profile and environment varia-
tions involve changes that must be considered for 
the interaction. This forces the UI developers to 
take into account new properties such as adapt-
ability. The adaptability property states that the 
UI remains usable even if some changes have 
occurred within the interaction environment, like 
the disability of an interaction device or the user 
has special needs. This property is very useful 
for mobile systems since it increases the users’ 
satisfaction.

Many empirical approaches have been used 
to evaluate these systems. They are based on ex-
perimentations which mean that the system must 
be implemented before it is evaluated. To make 
this evaluation, observations are collected while 
participants are using the systems to accomplish 
some predefined scenarios. These observations are 
analyzed to deduce whether the desired proper-
ties are satisfied. The main disadvantage of such 
approaches is their imprecision and that they are 
not exhaustive. For example, we cannot state 
how many participants are sufficient to state that 
the required properties are satisfied. Besides, the 
used scenarios do not cover all possible situa-
tions. So, while the results are satisfactory noth-
ing guarantees that the system is usable in every 
situation which is an issue for the security of these 
systems. As a consequent, new approaches based 
on formal methods are proposed as alternatives 
and in some circumstances as complementary to 
these empirical ones. Formal methods are based 
on mathematical models that allow modeling and 
specifying systems without ambiguities. Formal 
methods allow designers to conceive models by 
using analyzing techniques at an abstract level 
before the implementation. Properties can be 
verified at earlier stages which decreases the cost 
of the software development. The advantage of 
these methods is that they can be implemented in 
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