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Abstract 
In this paper we will discuss currently available multimodal technologies and how research on the 
multimodal interfaces can be used to improve human-computer interaction (HCI). We will focus 
on mechanisms that are used to make communication more natural and accessible for all, and on 
conceptual barriers that limit the use of multimodality in interface design. We will present 
CinemaSense as an example of how Design for all -principles can be taken into account when 
building a web-based portal for distance learning. 

1 Metaphors for human-computer interaction 
The computer is usually regarded as a tool which supports human goals: its role is 
to be a passive and transparent ‘slave’  under human control. However, in recent 
years, another metaphor has become available: computer as an ‘agent’ . This is not 
only because of soccer-playing robots, Sony AIBO, and Honda’s humanoid 
ASIMO, examples of advanced computer agents which are capable of moving, 
sensing their environment, and performing certain tasks, often interacting with 
humans via spoken natural language commands. Rather, the concept of the 
computer has changed: it is not only a tool that is used to perform certain tasks, 
but a participant which the user interacts with and communicates her needs to. For 
instance, as the users need to work with different applications (graphics, text, 
communication protocols), all of which usually run in separate application 
environments, software agents can be attached to various applications so as to act 
as the representative of the user’s goals in the given environment. They can thus 
facilitate the user’s working in the complexity of different applications, making it 
easier and more enjoyable. On the other hand, the growth of information in the 
Internet, electronic databases, digital reporting, eCommerce, eLearning etc. has 
also contributed to the new design concept: an interface agent would understand 
both natural language requests and the logic behind the service, and help the user 
to find interesting and useful information from the huge and complex knowledge 
bases. It would coordinate multimodal input and produce a multimodal response, 
thus making the interaction between human users and information services more 
natural and more accessible. Finally, technological development allows us to build 
multimodal systems that can interact with humans using various types of input 
and output modalities: extensions to the traditional text and graphical user 
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interface (GUI) include gestures, speech, tactile and haptic interfaces, as well as 
interfaces based on eye-tracking. With the help of the wide variety of multimodal 
interface technology, the agent metaphor can be realised as a conversational 
interface agent which supports flexibility and mediates interaction between the 
user and digital information. For instance, in the SmartKom project (Wahlster et 
al. 2001), the metaphor is realised in the Smartakus –interface agent which takes 
care of the user’s requests with respect to different applications and application 
scenarios. Interface agents are sometimes also called Embodied Conversational 
Agents (Cassell et al. 2000), because of their more natural and human-like 
communicative capabilities: they listen, speak, gesture, etc., like humans.  
 However, models for multimodal communication are still a research issue, 
and we lack theories for multimodal communication in general. More research is 
needed to asses the usefulness and limits of the ‘computer as an agent’ - metaphor. 
What are the most natural and intuitive interaction modes in human-computer 
interaction? Open issues deal with the design and use of multimodal interfaces: 
how do human speech and gestures, gaze and facial expressions contribute to 
communication in general, how to determine which modalities are appropriate for 
particular tasks, how to combine modalities into a clear, easy-to-use interface, 
how to address the criteria for usability and accessibility, how to build interfaces 
that are affective, are there aesthetic and artistic aspects in interface design? 
 In this paper we will discuss currently available multimodal technologies and 
how research on the multimodal interfaces can be used to improve human-
computer interaction (HCI). Especially, we will focus on interaction mechanisms 
that are used to make communication more natural and accessible for all, and on 
conceptual barriers that limit the use of multimodality in interface design. As a 
case study we will present CinemaSense which was developed by the second 
author as a portal for film making in his study of the use of collaborative distance 
learning for the development of the deaf students’  understanding of film making 
concepts. The paper is organised as follows. We will first give definitions for 
multimodality and multimodal systems in Section 2. In Section 3, we describe the 
case study of CinemaSense, and in Section 4, we discuss reasons for using 
multimodality in interface design. Finally, we provide challenges and visions for 
future research in Section 5, and conclusions in Section 6. 

2 Multimodality and multimodal systems 

2.1 Some Basic Definitions 
When considering multimodal human-computer interaction, it is useful to think 
what multimodality means in human communication: it refers to the use of a 
variety of sensory input/output channels which allow sensory data to be received 
and transformed to higher-level representations, and through which manipulation 
of the environment can take place. Human cognition assumes that a combination 
of multimodal information is available, and a constant stream of visual, auditory, 



olfactory and tactile sensations are processed in the brain where the data generates 
cognitive and emotional states. The cognitive state then functions as a starting 
point for executing an action through the motor control system to control and 
coordinate the information flow. In fact, multimodality seems so natural to human 
communication that we do not pay attention to the whole range of modalities used 
in our every-day interactions: we perform speaking, writing, signing, lip-reading, 
drawing, gesturing, touching, listening, and watching with ease, and hence have 
developed lots of tacit knowledge about multimodal communication. 
 Analogously to human-human interaction, multimodality can also in human-
computer interaction be seen as the use of different input/output channels. There 
is a need for terminological clarification though, and we adopt the following 
definitions of Maybury and Wahlster (1998): 

• Medium = material object used for presenting or saving information, 
physical carriers including computer input/output devices (sounds, 
movements, screen, microphone, speaker, pointer) 

• Code = system of symbols used for communication (natural languages, 
gesture languages) 

• Mode (modality) = human mechanism of perception, senses employed to 
process incoming information (vision, audition, olfaction, touch, taste) 

 
The ISLE/NIMM standardization group for natural multimodal interaction 
(Dybkjaer et al., 2002) uses a two-way definition where the coding of information 
and the senses employed to process the information are conflated. According to 
this, medium is, as above, the physical channel for information encoding (visual, 
audio, gestures), while modality is the particular way of encoding information in 
some medium. The same modality can be represented in different media, and e.g. 
spoken language is a modality expressed in the acoustic medium, whereas written 
language is a modality expressed in the medium of light/graphics. Spoken 
language may also be expressed in the medium of light/graphics as lip movements 
or textual transcription. However, we believe it is useful to distinguish the abstract 
system of symbols from the actual encoding of the symbols, and, following 
Maybury and Wahlster (1998), to say that the natural language code can use 
speech or written text as media, but rely on visual or auditory modalities (and 
associated media such as keyboard and microphone) when being processed. 

2.2  Multimodal systems and interfaces  
The EAGLES expert and advisory group (Gibbon et al, 2000) defines different 
interaction systems as follows: 

• Multimedia systems offer more than one device for the user to input to the 
system and for the system to give feedback to the user (e.g. microphone, 
speaker, keyboard, mouse, touch screen, camera), but they do not generate 
abstract concepts automatically, nor transform information into higher-
level representations. 



• Multimodal systems are systems that represent and manipulate information 
from different human communication channels at multiple levels of 
abstraction. 

Multimodal systems thus emphasize abstract levels of processing, explicit 
representations of the dialogue context and the user, and investigations of the 
user’s beliefs, intentions, attitudes, capabilities, and preferences. Typically they 
include components that take care of media and mode analysis and design, 
interaction and context management, user modelling and knowledge sources, 
whereas multimedia systems refer to various types of speech, graphical and direct 
manipulative interfaces, which usually do not have such modules. While the 
distinction between multimodal systems and interface agents does not seem to be 
appropriate anymore -due to the new agent metaphor-, it is still good to keep in 
mind that the research focus in these traditions has been different, and mainly 
concerned whether to use natural language in interaction or not. It explains current 
integration and possibilities that multimodality opens up to the development of 
interactive systems and designing of new kinds of interfaces. EAGLES, for 
instance, further distinguishes multimodal audio-visual speech systems that utilize 
the same input/output channels as humans by integrating non-verbal cues (facial 
expressions, eye-gaze, lip-movements) with speech recognition and synthesis. 
 One of the first multimodal systems was Bolt’s Put that there -system (Bolt 
1980), where the users interacted with the world through its projection on the wall 
and using speech and pointing gestures. The main research goal was to study how 
actions can disambiguate actions in another modality. Since then, several systems 
has been built, see references e.g. in Maybury (1993), Wahlster (2001), Dybkjaer 
et al. (2002), Granström (2002).  
 The term Perceptual User Interfaces (PUI) was introduced by Turk & 
Robertson (2000) to cover interfaces that combine natural human capabilities 
(communication, motor, cognitive, perceptual skills) with computer I/O devices. 
A new type of multimodal interfaces can be found e.g in. QuiQui’s Giant Bounce, 
a computer game for 4 to 9 year old children (Hämäläinen et al., 2001). It is 
controlled via body movement and voice, thus extending natural interaction from 
traditional keyboards and graphics to a web camera and microphone. Eye-gaze is 
also used in the new types of interfaces (Majaranta &  Räihä, 2002). For severely 
handicapped people, eye-typing may be the only way to interact. 
 Milekic (2002) argues in favour of tangible interaction where tangible 
includes all sensory modalities and is not reduced just to those related to the sense 
of touch (haptic, cutaneous, tactile). He focuses especially on multimodal output: 
abstract data manipulations should be tangible and accessible to humans also in 
that the feedback about successfully performed tasks could be given by physical, 
not only by visual (graphical changes) or auditory (click) sensory information. As 
examples of this trend he mentions various computer game interfaces, the 
Logitech iFeel ™ mouse which allows the users to “ feel”  different objects, and 
affective computing where the affective state of a human user becomes accessible 
to a computer, or to another, remote user.  



3 CinemaSense 

3.1 Portal for distance learning 
Elokuvantaju - CinemaSense 1.0 is a portal to present web-based study material 
on film production. Although it has not been developed for the purpose of 
studying multimodal communication as such, it is a tool for learning in a 
multimodal way. Moreover, it is an example of a multimodal interface which also 
takes the Design for all –principles into account (accessibility, usability, 
standardization).  
 CinemaSense can be used for any type of distance learning or as study 
material for different type of courses on cinema studies. It also functions as a 
multi-lingual portal to movie production (Figure 1).  
 

 
Figure 1. CinemaSense: the main concept map to the study material. 

 CinemaSense 1.0 provides HTML-links to Finnish film-makers’  articles on 
various fields of cinematic expression. Pictures, animations and video clips are 
used to illustrate and concretize the techniques, grammars and means of 
cinematographic expression (Figure 2). For example, the effect of various 
presentation formats on the action field is illustrated by seeing the same take in 
different aspect ratios. The standard Academy ratio is taught by realizing the same 
scene with different frame ratios. Video clips are used to clarify the differences 
between dolly shot and zooming, the camera movements or the effect of the optics 
on the end result. With simulators the student learns the basics of film-making and 
gets to try out various solutions without the production gear. CinemaSense also 



contains a unique feature in providing natural language output for the Deaf 
students: the concepts can also be explained in sign-language (Figure 3). Text-
reading technology could be added to the system to produce full translations of 
the explanations in sign language, vrt. Tessa, the signing avatar (Tessa web page). 
 

 
Figure 2. An image example in CinemaSense: Stuntman. 

  

Figure 3. A sign language example in CinemaSense: Stuntman. 



 The portal utilizes existing multi- and hypermedia standards. The objective is 
to gain the greatest hardware independence possible, and to utilize the possibilities 
that the WWW has.  
 In terms of design, the main focus has been on usability and accessibility. 
CinemaSense is designed to be robust in use and accessible for users with 
different languages and special needs, especially for the deaf users who have sign 
language as their first language. It also contains a detailed user statistics, which 
can be used to develop the content and the user-interface further. The objectives 
of the portal’s visual and interactive functions are organizing the cinematic 
concepts in the students’  minds, and hence augment transformation of the 
information to higher-level representations. In CinemaSense 1.0 portal, different 
names and their variations, pictures and other material connected to the concept 
can be clustered under the same (main) concept or function, using either the 
concept maps (Figure 4) or the SOM technology (Kohonen, 1995). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The development of the portal took place by the means of engaged 
observation and discussions throughout the duration of the whole project. The 
users, i.e. the deaf and the hearing students in the distance learning course, also 
took part in the design of CinemaSense: they were encouraged to analyze the user 
interface structures and to customize them in a way that suited them the best. The 
earlier versions of CinemaSense were tested in actual learning situations.  
 CinemaSense was used in the research which focussed on the deaf students’  
learning and development of film making concepts through distance learning 
methods. It formed the basis for an interactive distance learning course in the 
computer supported collaborative learning environment FLE3. The goal of this 
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course was to produce a documentary film, and the participants consisted of both 
the hearing and the deaf students. The distance learning research, user studies and 
the development of CinemaSense portal are fully based on co-design and activity 
studies, reported in more detail in Raike (forthcoming). 

4 Why multimodality  
Why is multimodal research so popular? There are two main reasons. First, to 
understand human communication it is necessary to take the whole repertoire of 
communication possibilities into consideration, especially nonverbal behaviour 
like postures, gestures, facial expressions, etc. Misunderstandings e.g. in email 
communication are often connected to the lack of nonverbal feedback, and spoken 
utterances are often ambiguous or totally incomprehensible without the help of a 
pointing gesture or a shared visual input. Second, due to the computer as an agent 
–metaphor, interface design is going towards interactive systems that are more 
conversational in nature. This means richer use of natural languages and new 
means to interact with computers which assume flexible use of input and output 
modes depending on the setting: speech, gesture, gaze, pen, touch, movement, etc.  
 Gibbon et al. (2000) lists several advantages of MM interfaces. One of the 
main advantages of multimodal interfaces is that communication is thus more 
natural than in single-modality systems: humans can easily exploit the same 
interaction strategies that they have learnt in human-human communication. 
Interaction thus becomes easier and more enjoyable. It is also the case that 
interpretation accuracy can be increased with the help of redundant and/or 
complementary modalities. For instance, in noisy environments it is often 
beneficial to combine speech recognition and lip-reading. The different modalities 
also bring in different benefits: it is easier to point to an object than refer to it by 
speaking. Finally, the users have different modality preferences and different 
needs, and multimodal systems offer them the freedom of choice: they can choose 
the interface and modality that best suits to them in a particular situation. 
Multimodality thus also supports the Design for all –principles, and increases 
usability of the system as well as general accessibility to information technology. 
 However, there are also disadvantages of multimodal interfaces. On the 
technical side, it is more expensive to collect data, build and test systems: the 
technical setup is more complex and challenging, and requires interdisciplinary 
know-how. The adding of more modalities in an interactive system also requires 
more work on the coordination and combination of modalities. There is also a 
danger for cognitive overload by exposing the users to stimulation with too many 
media in an interface which is neither intuitive nor simple and transparent.  
 The definition of “natural”  has also remained rather vague, and often 
undermines the human capability to adapt, to learn new tools and interface 
patterns quickly. The way in which humans naturally interact with computers is 
still largely an unexplored area, and to make an interactive system more natural is 
not necessary equal to making it more human-like. For instance, currently the 



natural way to interact with a computer is via a keyboard and a mouse, which is 
unnatural in the sense that it is not used in normal face-to-face communication 
between humans but must be especially learnt. “Natural”  thus refers to the 
property of interfaces which makes them intuitive and easy to use, especially in 
terms of natural language communication and perceptual capabilities (cf. Turk & 
Robertson, 2000), rather than to an interface which shows some anthropomorphic 
aspects. In other words, natural interaction systems do not require the users to 
learn complicated physical tasks (point and click) nor to go through extensive 
cognitive processing (menu-based systems), but provide them with clear and 
immediate feedback about their actions, following the patterns that humans would 
employ in similar situations. Accordingly, the system is like a fair friend with 
whom it is easy to resolve problematic tasks and find out what can be done next. 

5 Challenges and visions  
There are several challenges in developing interactive systems that were capable 
of natural and rich interaction in an enjoyable and satisfactory manner. Here we 
will shortly discuss two: adaptivity and design-for-all principles. 

5.1 Adaptive multimodal interfaces 
Adaptation has often been realized with respect to such parameters as the user’s 
preferences in regard to colours and sounds, or the user’s knowledge in regard to a 
few expertise levels. Unfortunately this presupposes a static and mechanical view 
of the users, and does not extend itself to user attitudes and intentions, 
temperament and style that a full-fledged multimodal interaction would 
presuppose. The static nature of the systems is also a problem for applications that 
are intended to be used in mobile and versatile environments, by various users 
with different abilities and requirements. There is thus a need for adaptive systems 
that could adapt to various users and their various needs automatically, and an 
ideal system would learn user characteristics and usability patterns from the 
interaction that the user has with the system, thus contributing to “natural”  and 
intuitive interaction (cf. Jokinen, 2000). 
 However, one unresolved problem is how such adaptation can and should take 
place: what the system should adapt to and when? The problem in adaptive 
interfaces seems to be the notion of adaptivity itself: adaptation involves learning, 
learning involves interaction and interaction is the means through which 
adaptation takes place. A common assumption has been that the user adapts her 
actions when interacting with an intelligent computer application. However, our 
studies show that the users have clear preconceptions of the tool and how to use it, 
and in practice they do not venture exploring the limits of the system, even though 
the experimental situation would encourage them to do so (Jokinen et al., 2002b). 
The users tacitly assume certain limits of the application and their exploration of 
wider system capabilities seemed to be prevented by their knowledge of the 
computers and by their familiarity with IT technology in general. 



 Another example of adaptation that has negative consequences in interface 
design is the QWERTY keyboard arrangement. It became a standard for 
typewriters, and continued to be used also for computer keyboards although any 
other keyboard layout would have been equally accessible. The success of mouse 
and cursor based point-and-click interface made this keyboard a de facto standard, 
closely associated with the concept of what it means to interact with a computer. 
This standardized notion of what an interface should look like affects adversely 
the introduction of any new interaction device, including sophisticated and 
adaptive multimodal interfaces.  

5.2 Design for all 
A big challenge in technology research is how to improve the quality of life for all 
people, and to take into considerations especially those citizens who have special 
needs, and who may be referred to as cultural minorities in the wider context of 
modern society. The aim of the Design for all –principles is to enable equal access 
of everyone to everything, and so attempt to turn the unequal exclusion of 
minorities in the past into their equal inclusion in the modern ICT society.  
 These principles, also called user-centred design, co-design, or inclusive 
design, place the user in the centre of the design process, and focus on the user’s 
cognitive factors, such as perception, memory, learning, problem-solving, etc. as 
they come into play during the user’s interactions with the environment. 
Usefulness of an interactive system is then measured with respect to the system’s 
relevance to the user: its functionality, information etc., must match with what the 
user actually needs. Usability of the system, on the other hand, refers to the ease-
of-use of the system: the concept and logic behind the system should be clear, 
simple, and transparent. Therefore, multimodality, which may look like a simple 
design concept, is not always easy to describe nor implement: only through the 
use of the system by real users it is possible to gain knowledge of the benefits of 
multimodal communication.  
 For instance, the Interact-project (Jokinen et al., 2002a) aimed at studying 
methods and techniques for rich interaction modelling and at developing a Finnish 
language dialogue system that would enable natural language interaction in a 
wider range of situations than had been possible so far, and in situations where its 
use had not been functional or robust enough. The system can be considered 
multimodal, and its usefulness is firmly rooted in the Design for all –principles: 
the first version uses spoken and written language, and it also contains an 
interactive map and an introductory Sign Language help. However, the solutions 
were not developed into an integrated, fully functioning multimodal system, and 
the usability of the system thus needs to be shown. CinemaSense, on the other 
hand, may not be a multimodal system in the strictest sense of the definition in 
Section 2.2., but it can be argued that it is highly multimodal from the point of 
view of inclusive design: due to its reference and use of the www-standards (W3C 
Web accessibility), the content of the portal is accessible via different modalities 
by various users.  



 The status and use of Sign Languages in multimodal systems also provides 
challenges for research as well as product development. For instance, issues like 
the translation between speech/text and signs, or transferring natural (spoken or 
signed) languages into graphics are interesting research issues which we believe 
will contribute to advances in multimodal research and the development of 
necessary technology. 

6  Conclusions  
Multimodal systems, at their best, can exemplify a natural, intuitive, and rich 
means of communication and provide the user with an enjoyable and satisfactory 
experience with the system. This vision solicit research, design and development 
that require multidisciplinary expertise in speech and hearing, signing and seeing, 
perception and graphics, linguistics, psychology, cognitive science, sociology, 
communication studies, computer science, signal processing, pattern recognition, 
statistics, engineering, etc. There are challenges with behavioural issues like 
automaticity of human communication modes, and multiparty communication. 
There are also technical challenges concerning synchronisation and error handling 
in multimodal systems, as well as providing platforms, toolkits, architectures etc. 
for building multimodal systems. Also attitudes and cultural phenomena are 
challenges for new visions.  
 However, there is a broad range of users who will benefit from multimodal 
interactive systems besides ordinary citizens: children, elderly people, users with 
special needs, etc. By exploring strategies and interaction patterns in multimodal 
communication, developing techniques for their computational modelling and 
building systems together with their users, it is possible to advance technology 
towards accessibility and acceptability that is useful and usable for the widest 
possible end-user population. 
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