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AbsTRACT

The creative processes of interaction design operate in terms we generally use for conceptualising 
human-computer interaction (HCI). Therefore the prevailing design paradigm provides a framework 
that essentially affects and guides the design process. We argue that the current mainstream design 
paradigm for multimodal user-interfaces takes human sensory-motor modalities and the related user-
interface technologies as separate channels of communication between user and an application. Within 
such a conceptualisation, multimodality implies the use of different technical devices in interaction 
design. This chapter outlines an alternative design paradigm, which is based on an action-oriented 
perspective on human perception and meaning creation process. The proposed perspective stresses the 
integrated sensory-motor experience and the active embodied involvement of a subject in perception 
coupled as a natural part of interaction. The outlined paradigm provides a new conceptual framework 
for the design of multimodal user interfaces. A key motivation for this new framework is in acknowledg-
ing multimodality as an inevitable quality of interaction and interaction design, the existence of which 
does not depend on, for example, the number of implemented presentation modes in an HCI application. 
We see that the need for such an interaction- and experience-derived perspective is amplified within the 
trend for computing to be moving into smaller devices of various forms which are being embedded into 
our everyday life. As a brief illustration of the proposed framework in practice, one case study of sonic 
interaction design is presented.
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INTRODUCTION

In early days of human-computer interaction 
(HCI), the paradigm was mainly seen as a means 
to “synchronise” the human being and a computer 
(Card et. al., 1983). While the number of computer 
users rose rapidly and computers were suddenly 
in the hands of “the man in the street”, there was 
an evident need to make computers easier to use 
than when used by experts in computing. Psy-
chologists were challenged to model the human 
mind and behaviour for the needs of user-interface 
design. It was thought that if we knew how the 
human mind works, user interfaces (UIs) could be 
designed to be compatible with it. To understand 
the human mind, computer metaphor was used. 
Correspondingly, multimodality has often meant 
that in interaction with a computer, several senses 
(“input devices”) and several motor systems 
(“output devices”) are utilised. This kind of cog-
nitivist conceptualisation of the human being as 
a “smart device” with separate systems for input, 
central (symbolic) processing and motor activity 
has indeed been appealing from the perspective 
of HCI practices. However, contemporary trends 
of cognitive science have drifted away from such 
computer-based input-output model towards the 
idea of mind as emergent system which is struc-
turally coupled with the environment as the result 
of the history of the system itself (Varela et. al, 
1991). We thus argue that as a conceptual frame-
work for HCI the traditional cognitivist approach 
is limited, as it conflicts with the contemporary 
view of the human mind and also with the com-
mon sense knowledge of the way we interact 
with our everyday environment (see Varela et. 
al., 1991; Noë, 2004; Lakoff & Johnson, 1999; 
Clark, 1997; Searle, 2004). One of the shortcom-
ings of the traditional input-output scheme is that 
it implies that the capacity for perception could 
be disassociated from the capacities of thought 
and action (Noë, 2004).

For a long time, the development of UIs had 
been strongly focused on textual and graphical 

forms of presentation and interaction in terms 
of the traditional desktop setting. However, as 
computing becomes increasingly embedded into 
various everyday devices and activities, a clear 
need has been recognised to learn about the in-
teraction between a user and a technical device 
when there is no keyboard, large display or mouse 
available. Therefore, the need to widen the scope 
of human-computer interaction design to exploit 
multiple modalities of interaction is generally 
acknowledged.

Within the mainstream paradigm of HCI de-
sign, conceptions of multimodality tend to make 
clear distinctions between interaction modalities 
(see, e.g. Bernsen, 1995). There is the fundamental 
division between perceiving (gaining feedback 
presentation from the system) and acting/doing 
(providing input to the system). These, in turn, 
have been split into several modality categories. 
Of course traditional distinctions of modalities 
have proved their usefulness as conceptual tools 
and have thus served many practical needs, 
as they make the analysis and development of 
HCI applications straightforward. However, too 
analytic and distinctive emphasis on interaction 
modalities may promote (or reflect) design prac-
tices where interaction between a user and an 
application is conceptualised in terms of technical 
instrumentation representing different input and 
output modalities. Such an approach also poten-
tially encourages conceptualising modalities as 
channels of information transmission (Shannon 
& Weaver, 1949). Channel-orientation is also 
related to the ideal that information in interaction 
could be handled independently from its form 
and could thus be interchangeably allocated and 
coded into any technically available “channels”. 
We see that, in its application to practical design, 
the traditional paradigm for multimodality may 
hinder the design potential of truly multimodal 
interaction. We argue that in the design of HCI, it 
is not necessarily appropriate to handle interaction 
modalities in isolation, apart from each other. For 
instance, the use of haptics and audio in interaction, 
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though referring to different perceptual systems, 
benefits from these modalities being considered 
together (Cañadas-Quesada & Reyes-Lecuona, 
2006; Bresciani et. al., 2005; Lederman et. al., 
2002). However, even recent HCI-studies of 
cross-modal interaction, although concerning the 
integration of modalities, still seem to possess the 
information-centric ideal of interchangeable chan-
nels (see e.g. Hoggan & Brewster, 2007).

In this study, we are looking for an alternative 
paradigm for multimodality. Although modali-
ties relating to perceptual awareness and motor 
activity differ in their low-level qualities, they 
have interconnections and share properties, which 
make them highly suitable for study and handling 
within a shared conceptual framework. This 
chapter outlines a propositional basis for such a 
framework, gaining ingredients from the literature 
of embodied cognition, cross-modal integration, 
ecological perception and phenomenology. In the 
embodied approach (Varela et. al., 1991), the hu-
man mind is inseparable from the sensory-motor 
experiencing of the physical world and cognition 
is best described in terms of embodied interac-
tion with the world. The resulting framework is 
bound up with a concept of physical embodiment, 
which has been utilised within several scientific 
disciplines to reveal the role of bodily experience 
as the core of meaning-creation. In the course of 
this chapter, we will present arguments to support 
the following basic claims as cornerstones of the 
proposed paradigm:

1)  Interaction is always multimodal in nature

The embodied approach to human cognition 
implies understanding and meaning as being based 
on our interactions with the world. Understanding 
is thus seen as arising inherently from an expe-
riential background of constant encounters and 
interaction with the world by using our bodies. 
Although our sensory modalities depend on dif-
ferent perceptual systems, human awareness is not 
channel-oriented. Instead, it is oriented to actions 

in the environment: objects and agents involved in 
actions and our own action possibilities (see e.g. 
Gibson, 1979; Varela et. al., 1991; Clark, 1997; 
Gallese & Lakoff, 2005). In action-oriented on-
tology, multimodality and multimodal experience 
appear as inseparable characteristic of interaction. 
This view is supported by recent research in neu-
roscience; in perception and thinking, the neural 
linkages of motor control and perception as well 
as the integration of sensory modalities appear to 
be extensive (Gallese & Lakoff, 2005).

2)  Design arises from mental images and results 
in mental images

We argue that the design of UI elements for 
human-computer interaction involves the commu-
nication of action-relevant mental imagery. This 
imagery, being bonded to embodied experiences, is 
essentially multimodal in nature. Hence, we argue 
that the starting point of UI-element design should 
not be rigidly any specific “channel” – presentation 
or input modality – but the embodied nature of 
interaction itself, and the subjective exploration of 
the “imagery” of its action-related meanings. Of 
course, “channels” do exist in terms of a technical 
medium. But they should be primarily responsible 
for supporting the construction of contextually co-
herent (action-relevant) mental imagery. This kind 
of construction of imagery, as a gestalt process, 
could be called amodal completion. But unlike 
the traditional cognitivist view (Fodor, 1975), we 
propose that amodality is not symbolic in nature 
but inseparably bound up with our sensory-motor 
system. Therefore is makes more sense to call these 
constructed mental images multimodal, whether 
they are mental images of the designer or mental 
images of the user.

3)  Action-relevant mental imagery can be com-
municated by manifesting action-relevant 
attributions in the contextual appearance 
of UI
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As already implied above, we propose that 
the appearance of elements of a UI can convey 
attributions of a certain type of mental imagery. 
These attributions are action-relevant because they 
propose the occurrence or afforded potential of 
some activity, and are also indexed to contextual 
activity. Because of the situated nature of UI ap-
pearances, the interpretation of action-relevant 
attributes is likely to be highly context dependent. 
Unlike traditional linguistic approaches, our ap-
proach to the semantic content of perception is 
embodied, i.e., it stresses a) the sensory-motoric 
experiential background/skills of a perceiver 
b) the action-oriented bias of perception, c) the 
perceiver’s own activity as an integral part of the 
perception and d) the situated context of percep-
tion. Semiotics of a linguistic tradition tend to 
consider the relation between appearance and 
meaning as arbitrary or symbolic (Saussure, 1983). 
However, the peircean school of semiotics has also 
acknowledged non-symbolic (iconic, indexical) 
meaning relations (Peirce, 1998), which clearly 
are related to the action-oriented perspective 
because both views imply the existence of “the 
world” (its appearances and laws) as a familiar 
semantic reference.

4)  Acknowledging the bodily nature of interac-
tion as a basis in design inevitably results 
in support for multimodal interaction

If designers take into account our naturally 
multimodal and action-oriented bias to perceive 
the world in terms of situationally embodied mean-
ings, it would ultimately provide at least a fraction 
of the “easiness” of everyday interactions to the 
design of human-computer interaction. However, 
such meanings are often invisible to us, and cam-
ouflaged as common sense. The challenge for our 
conceptual analysis is to explicate them.

The claims above define a paradigm for multi-
modal interaction design. The outlined paradigm 
provides a new conceptual framework for the 
design of multimodal UIs, which is based on a 

sound theoretical foundation. Within the frame-
work, this chapter also explores how to utilise 
the concept of multimodal mental imagery in UI 
design. We thus aim to provide conceptual tools 
to understand the relations between meaningful 
subjective action-related experiences and concrete 
physical properties of a UI. In addition to theoreti-
cal discussion we expose this suggested paradigm 
to a real-world design case. The brief case study 
of sound design for mobile application is meant 
to illustrate how the new framework is realised in 
design practices and in the resulting design.

CONCEPTUALIsING 
MULTIMODALITY

The term multimodal and the related, more techni-
cal and presentation-oriented concept multimedia 
have been conceptualised in numerous ways. This 
section provides a comprehensive summary of how 
multimodality has been handled in the literature. In 
addition to these previous accounts, we analyse the 
concept of multimodality in terms of some recent 
research on embodied cognition and discuss how 
multimodality could be conceptualised within 
that framework. As will be discussed, much of 
the previous conceptualisations is still relevant in 
the framework of embodied cognition, but some 
aspects deserve a critical look.

Perspectives on Multimodality

Multimodality as a 
Technical Opportunity

In the development of information and communi-
cation technology (ICT) products, a typical driver 
is the emergence of new technical opportunities. 
Visual displays and the related display processors, 
for instance, have rapidly developed. However, 
the development of visual display technology is 
mainly due to the investments in the research and 
development of that technology, not the needs of 
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multimodal interaction. While the amount of data 
presented in contemporary displays is several 
hundred times greater than its 20 year old ancestor, 
the user of a personal computer has pretty much 
the same typewriter-derived means to control an 
application as her parents had in the 70’s. Thus it 
can be seen that the development of technology 
for multimodal interaction has not been ruled by 
the needs to enhance human-computer interaction, 
but the merely commercial assumptions about 
what consumers want to buy.

Once the technology is there, whatever moti-
vated its development, we have to find uses for 
it. Much of what is marketed as multimedia are 
products resulting from this kind of approach. 
Especially in the early stages of multimedia, 
the producers were under pressure to show their 
technical sophistication by supporting all available 
means of interaction – which, as discussed above, 
mainly meant ever fancier screen layouts.

As soon as a critical mass had been reached in 
sales, multimedia products can be argued to have 
become part of our everyday life. The next step 
was to elaborate the multimedia technology. An 
essential part of the elaboration was to legitimate 
the technology in terms of human-computer inter-
action. Advantages were sought from multimodal 
interaction. The models of human cognition, on 
which the multimodality conception was based, 
were very simple. A typical example is an idea 
of a free cognitive resource; for instance when 
information was presented via a visual display, 
other sensory systems were thought of as free 
resources. When this claim was empirically 
found unsustainable, human ability to process 
information from multiple sources and in multiple 
modalities became a central issue. An important 
source of information was attention studies. In 
them, human ability to process information had 
been under intensive research since the 1950’s, 
when the rapidly growing air traffic made the 
cognitive capacity of air-traffic controllers the 
bottle-neck of fluent flight organisation. These 
studies resulted in models which either modelled 

the structure of those mechanisms which define 
attention (Broadbent, 1958; Deutsch & Deutsch, 
1963), or models which analysed human capacity 
(Wickens, 1984).

In mobile applications, the technical challenges 
for multimodal interaction differ from what they 
used to be in the static context. However, we argue, 
even in mobile computing it is the new technical 
opportunities which are the driving force for de-
veloping mobile multimedia. A good example is 
the current addition of accelerometers to various 
mobile devices. The popularity of the Wii gam-
ing console with its innovative control methods 
might have something to do with recently grown 
interest in accelerometer-based gestural control. 
Now that we have similar technology included in 
our mobile phones, interaction designers of mobile 
applications have been challenged to utilise it. In 
the near future, we will see whether the application 
of accelerometer technology in mobile phones 
turns out to be just another technology driven 
craze or a useful opportunity resulting in novel 
ways of interacting with mobile devices.

Multimodality Provides Options

The use of multimedia or designing multimodal 
applications is often thought of as a selection of 
means of interaction. For instance, it is easy to 
find texts which give an impression that a given 
piece of information can be presented in various 
forms; e.g., text, speech, picture or video (e.g. 
Waterworth & Chignell, 1997). The underlying 
idea is that there is the content and there is the 
form that is independent of it. However, this notion 
has been found untenable in various disciplines. 
In the context of information presentation in UIs, 
it has been found that paralleling sound and an 
image, for instance, is extremely complicated. 
When trying to trace meaning creation on the basis 
of non-speech sound by asking the participants 
in an experiment to pair sounds and images, it 
was found that conclusions could be made only 
when the images were simple symbols indicating 
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a clearly identifiable piece of information, such 
as physical direction (Pirhonen, 2007; Pirhonen 
& Palomäki, 2008). In other words, the idea that 
the designer is free to choose in which modality 
to present certain information is a gross over-
simplification and lacks support from the studies 
concerning semantics. Worn phrases like “the 
medium is the message” (McLuhan, 1966) or that 
“a picture is worth a thousand words”, still hold 
in the multimodal context. Referring to the sub-
heading, i.e., multimodality provides options, it 
should be understood as that technology provides 
modality-related options but that these options 
are qualitatively different from each other. The 
process of choosing an interaction modality is 
not independent of other design efforts.

Multimodality Provides Redundancy

In mathematical information theory (Shannon & 
Weaver, 1949), redundancy was introduced as 
something to get rid of. Redundancy unnecessarily 
uses the resources of a communication channel, 
thus lowering the efficiency of an information 
system. However, in the context of information 
systems, the concept of redundancy has also more 
positive connotations; redundancy can be seen as 
a way of increasing system stability by provid-
ing backup. This idea, which originates from the 
mathematical theory of communication, has been 
applied to human-computer interaction in the era of 
multimedia. It has been argued that if information 
is delivered in multiple formats, the message is 
more reliably received. A classic example is users 
with disabilities; if information is provided both 
in an audio and visual format, for example, the 
same application can be used by users with vision 
impairment as well as by those with impairment 
in hearing (Edwards, 1992).

As discussed in the previous section, the in-
separability of form and content of information 
inevitably questions the endeavour to present “the 
same” information in multiple formats. However, 
as the research on cross-modal design of UI feed-

back indicates (e.g., Hoggan & Brewster, 2007), 
such cross-sensorical information can – to some 
extent – be defined and thus be interchangeably 
attributed to multiple formats. Even though these 
kinds of redundant combinations undoubtedly are 
beneficial in many applications, they should not 
be seen as a straightforward, universal solution 
for multimodal interfaces. But we admit that, 
in the mobile or ubiquitous context, redundant 
information presentation can provide valuable 
flexibility. While the actual context of use is 
hard or impossible to anticipate, it is important 
that there are options for interacting with the ap-
plication. In one situation, visual presentation is 
the best form, in some other situation, audio or 
haptics works best.

Natural Interaction is Multimodal

All the approaches discussed above are techni-
cally oriented in that they analyse modalities in 
terms of available technology. However, when 
conceptualising human-computer interaction from 
a technical perspective, the essential difference 
between interaction with the real world and vir-
tual objects has to be noted. When constructing 
a virtual object we as designers split our mental 
image of the whole object into its constituents. For 
instance, when creating a virtual dog we consider 
separately its appearance, sound and how the user 
could control it in the application. The division into 
constituents (in this case image, sound, and control 
elements) is based on technical facilities. Techni-
cally, all constituents are separate entities. Only 
when linked and synchronised with each other, is 
the illusion of a virtual dog able to emerge.

In contrast to a virtual dog which is analytically 
constructed from separate parts, a real world dog 
is one single physical object. It causes many kinds 
of perceptions; we can see, hear, and smell it. We 
can also communicate with it. In other words, we 
are in multimodal interaction with the dog, even if 
it doesn’t have separate devices to cause stimulus 
in different sensory modalities or provide control. 
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This common sense notion that interaction with 
the real world is always multimodal by nature, 
has often been used as a rationale for multimodal 
UIs in various application areas (see, e.g. Oviatt 
& Cohen, 2000).

However, the suggested naturalness through 
multimodality cannot be achieved by burying the 
application under a heap of visuals, sounds and 
vibrations. The naturalness can only be achieved 
by designing objects which are not in the first 
place “sounds” or “images” or anything else 
which primarily refers to a certain technology. 
Multimodality should not be an end in itself. 
Rather, it should be treated as an inevitable way 
of interaction. This is important to understand in 
all human-computer interaction design, because 
multimodality is a basic quality of our way of 
interacting with our environment, whether “real” 
or “virtual”.

An oversimplification, which may result from 
striving towards natural-like virtual objects, is the 
mechanical imitation of their real-world counter-
parts. When creating a multimodal, virtual dog, the 
best strategy is not necessarily to go with a camera 
and sound recorder to a real dog – unless you are 
sure about what kind of recordings you will exactly 
need for your purpose. As will be discussed in the 
next section, filmmakers have learned long ago 
that the (action-relevant) expressive qualities of 
sound are much more important than the “natural” 
authenticity of the sound source. Moreover, the 
coincident perception of sound and visual results 
in an impression which is qualitatively different 
from a product of its constituents (Basil, 1994). 
Therefore, the argument that natural interaction 
is multimodal should not encourage one-sighted 
imitation or modelling of real world objects.

Multimodality Provides 
a Perceptual Bias

As interaction with the real world always provides 
multimodal understanding of its objects, actions 
and environments, in what way, then, would that 

affect the “virtual world” where we are technically 
able to combine different presentation modalities 
in an artificial manner? Cinema, for example, 
allows theoretically endless arbitrary defined 
combinations of sounds and visuals. Thus, an 
audiovisual relationship in a multimedia presen-
tation is not real but an illusion. Such an option 
to re-associate images and sounds is essential to 
the art of filmmaking. A single visual basically 
affords an infinite number of sounds. For instance, 
the sound of chopping wood, played in sync with 
a visual of hitting a baseball, is not perceived as 
a mistake or as two distinct events. It is heard as 
a baseball hit – with a particular force. Hence, 
when the context makes us expect a sound, it 
seems that the designer can use just about any 
sound source which produces enough believable 
acoustic properties for the action.

The phenomenon, where the perceiver is 
tricked into believing that the artificially made 
sound effect originates from the source indicated 
by the context of narration, has a long tradition of 
exploitation within sound design practices for ra-
dio, television and cinema. The French filmmaker 
and theoretician, Michel Chion (1990), talks about 
synchresis (a combination of words synchronism 
and synthesis) which refers to the mental fusion of a 
sound and a visual when these coincide. According 
to Chion, watching a movie, in general, involves 
a sort of contract in which we agree to forget that 
the sound is coming from loudspeakers and the 
picture from the screen. The spectator considers 
the elements of sound and image as representing 
the same entity or phenomenon. The result of 
such an audio-visual contract is that auditory and 
visual sensations are reciprocally influenced by 
each other in perception. From the perspective of 
the filmmaker, audio-visual contract allows the 
potential to provide “added value” in the percep-
tion of cinema – something bigger than the sum of 
the technical parts. As a perceptual bias, it induces 
us to perceive sound and vision as they both fuse 
into a natural perceptual whole. With his known 
assertion: “we never see the same thing when we 
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also hear; we don’t hear the same thing when we 
see as well”, Chion (1990, p. xxvi) urges us to go 
beyond preoccupations such as identifying so-
called redundancy between the two presentation 
modalities and debating which one is the more 
important modality.

In his account Chion (1990) also proposes the 
notion of transsensorical perception. He means that 
it is possible to achieve multimodal or cross-modal 
perception even with unimodal presentation and 
via a single sensory path. In music, for example, 
kinetic, tactile or visual sensations can be trans-
mitted through a sole auditory sensory channel. 
In cinema, one can “infuse the soundtrack with 
visuality”, and vice versa, images can “inject 
a sense of the auditory” (Chion, 1990, p. 134). 
By using both the visual and auditory channels, 
cinema can also create a wealth of other types of 
sensations. For example, in the case of kinetic or 
rhythmic sensations, the decoding should occur 
“in some region of the brain connected to motor 
functions” (Chion, 1990, p. 136).

Transsensorical perception as a concept ap-
pears to be in accordance with many theories 
concerning multimodal integration. The classical 
McGurk effect (McGurck & MacDonald, 1976), 
for instance, indicates the integration of differ-
ent sensory modalities in a very early stage of 
human information processing. Interestingly, the 
account of audiovisual contract and especially the 
notions of transsensorical perception can actually 
be seen as apposite exemplifications of embodied 
multimodality and the involvement of mental 
imagery in perception. Next, we will focus on 
this embodied perspective.

Embodied Meaning

Traditional paradigms of cognitive science have 
had a tendency to treat the human mind in terms 
of functional symbol processing. The problem 
of these computing-oriented views is that they 
have not been able to explain how experiences of 
phenomena in the surrounding world are encoded 

into symbols of cognition, meaning and into con-
cepts of thinking – not to mention how this is all 
linked to intentionality and how we are ultimately 
able to use the cognitive processes in the control 
of our body (Searle, 2004). As a contrasting 
top-down approach, scientific perspectives like 
phenomenology, pragmatism or ecological per-
ception have considered meaning as being based 
on our interactions with the world rather than as 
an abstract and separated entity (Dourish, 2001). 
According to the ecological view of perception 
(Gibson, 1979), our interaction with the world 
is full of meanings that we can perceive rapidly 
without much effort. The perspective of embodied 
cognition continues such a line of reasoning while 
stressing the corporeal basis of human cognition 
and enactive (sensory-motor) coupling between 
action and thinking (Varela et. al., 1991).

Overall, the perspective of embodied cognition 
seeks to reveal the role of bodily experience as 
the core of meaning-creation, i.e., how the body is 
involved in our thinking. It rejects the traditional 
Cartesian body-mind separation altogether as 
the “terms body and mind are simply convenient 
shorthand ways of identifying aspects of ongoing 
organism-environment interactions” (Johnson & 
Rohrer, 2007). Cognition is thus seen as arising 
inherently from organic processes of organism-
environment interaction. So, imagination, mean-
ing, and knowledge are embodied in the way 
they are structured by our constant encounter and 
interaction with the world via our body (Lakoff 
& Johnson, 1999; Gallese & Lakoff, 2005). The 
perspective of ecological perception is closely re-
lated to the embodied one. Both perspectives draw 
upon the action-oriented bias of the human organ-
ism, which considers meanings as action-relevant 
properties of environment (i.e., affordances) that 
relate to our experiencing of the world.

We should now see that the embodied point 
of view defines a coupling between action and 
perception. So-called motor theories of speech 
perception (Liberman & Mattingly, 1985) have 
suggested that we understand what we hear, 



145

Bodily Engagement in Multimodal Interaction

because we sensory-motorically “resonate” the 
corresponding vocal action by imaging the way 
the sound is produced in the vocal tract. It was 
later found that related motor areas of the brain 
indeed activate in the course of speech perception 
(Rizzolatti & Arbib, 1998). Several contempo-
rary studies (see a review in Gallese & Lakoff, 
2005) in neuroscience suggest that perception is 
coupled with action on a neural basis. Discoveries 
of common neural structures for motor move-
ments and sensory perception have elevated the 
once speculative approach of motor theories of 
perception to a more plausible and appealing 
hypothesis. According to the studies mentioned, 
all sensory modalities are integrated not only with 
each other but also together with motor control 
and control of purposeful actions. As a result, do-
ing something (e.g. grasping or seeing someone 
grasping) and imaging doing it activates the same 
parts of the brain.

Gallese and Lakoff (2005) argue that to be 
able to understand something, one must be able 
to imagine it, i.e., one understands by mentally 
simulating corresponding activity. In the case of 
understanding objects of the environment, one 
simulates how they are involved in actions, or 
in what way one can afford to act on them for 
some purpose. In other words, understanding 
is action-relevant mental imagery, and meaning 
thus equals the way something is understood in 
its context. Other authors have also suggested 
that understanding involves embodied simulation 
(or mental enactment) of the physical activity 
we perceive, predict or intend to perform. For 
example, the account of motor involvement in 
perception (Wilson & Knoblich, 2005), Godøy’s 
(2003) account of motor-mimetic perception of 
movement in musical experience, and the theory of 
enactive perception (Noë, 2004) are all related to 
the simulation approach. According to Gallese and 
Lakoff (2005), action simulation seems to occur 
in relation to 1) motor programmes for successful 
interaction with objects in locations, 2) intrinsic 
physical features of objects and motor programmes 

(i.e., manners) to act on them to achieve goals, 
and 3) actions and intentions of others.

The embodied simulation of motor movements 
of others is found to take place in so-called mirror 
neurons. It is suggested that such an innate mir-
ror system is involved in imitation, as it indeed 
can explain why it is so natural for us to imitate 
body movements (Heiser et. al., 2003). Mirror 
processes, as corporeal attuning to other people, 
are also hypothesised to act as a basic mechanism 
for empathy (e.g. Gallese, 2006), i.e., perception of 
intentionality (mental states such as intentions and 
emotions). When we observe someone’s action, the 
understanding of intentionality can be conceived 
as an emerging effect of the experienced motor 
resonances through embodied attuning (Leman, 
2008). For instance a vocal utterance, as sonic 
vibrations in the air, “derives” cues of corporeal 
intentionality (or motor intentionality) in the vo-
cal action. Via motor resonances, the perceived 
cues of the observed action relate to our personal, 
embodied experiences.

As we can see, the perspective of embodied 
cognition provides insights at least for the creation 
and establishing of action-related meanings and 
concepts. However, it is proposed that even con-
cepts of language could be based on an embodied 
foundation of action-oriented understanding and 
multimodal sensory-motor imagery. According 
to the neural exploitation hypothesis, neural 
mechanisms originally evolved for sensory-motor 
integration (which are also present in nonhuman 
primates) have adapted to serve new roles in rea-
soning and language while retaining their original 
functions (Gallese & Lakoff, 2005; Gallese, 2008). 
The theory of image schemas (Johnson, 1987), 
provides maybe the most prominent perspective on 
how to characterise our pre-conceptual structures 
of embodied meaning. Johnson and Rohrer (2007) 
have summarised image schemas as: “

1)  recurrent patterns of bodily experience,
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2)  “image”-like in that they preserve the topo-
logical structure of the perceptual whole, as 
evidenced by pattern-completion,

3)  operating dynamically in and across time,
4)  realised as activation patterns/contours in 

and between topologic neural maps,
5)  structures which link sensory-motor experi-

ence to conceptual processes of language, 
and

6)  structures which afford “normal” pattern 
completions that can serve as a basis for 
inference.”

Image schemas are directly meaningful 
structures of perception and thinking, which are 
grounded on recurrent experiences: bodily move-
ments in and through space, perceptual interactions 
and ways of manipulating objects (Hampe, 2005). 
The shared corporeal nature of the human body, 
universal properties of the physical environment 
and common sensory-motor skills for everyday 
interactions are the providers of a range of expe-
riential invariants.

As any recurrent experiences of everyday in-
teraction can be considered in terms of inference 
patterns of image schemas, we therefore provide 
a couple of examples of how these image schemas 
can be conceived. Image schema can be based on 
any type of recurrently experienced action, e.g., 
experience of picking something up. It can thus 
refer to, for example, forces, kinaesthesia and 
intentionality experienced in picking up an object 
in a rising trajectory. Image schema may be based 
on interpersonal experiences as well. Therefore it 
can, for example, be related to an experience of 
illocutionary force (Searle, 1969; see the applica-
tion in the case study in this chapter) in a vocal 
utterance – referring to a type of communicative 
intent in producing that utterance (e.g., asking 
something).

It is important to remember that image schemas 
are not equal to concepts nor are they abstract 
representations of recurrent experiences. Instead, 
they are “schematic gestalts which capture the 

structural contours of sensory-motor experience, 
integrating information from multiple modalities” 
(Hampe, 2005, p. 1). Such “experiential gestalts” 
are “principle means by which we achieve mean-
ing structure. They generate coherence for, estab-
lish unity within, and constrain our network of 
meaning” (Johnson, 1987, p. 41). As such, image 
schemas operate in between the sensory-motor 
experience (acted/perceived/imagined) and the 
conceptualisation of it. However, they are not 
“lesser” level concepts. On the contrary, being 
close to the embodied experiences of life, the 
activation of image schemas in the use of con-
cepts provides an active linkage to the richness 
of such experiences. Therefore when reading the 
sentence “Tom took the ball out of the box”, in 
our mind we can easily complete the “picture” 
and “see” the instance of someone or ourselves 
doing just that.

We can now conclude that the creation of 
embodied meanings is coupled with activity. 
Perception and imagining of an action is proposed 
as involving active doing that is dependent on the 
embodied sensory-motor experiences and skills of 
a subject. It is suggested that this “internal” activity 
takes place in embodied simulations that use shared 
neural substrate with the actual performance of the 
similar action. It is plausible that these embodied 
simulations encode both mechanical characteris-
tics of action (properties of objects in locations 
and motor activity) and structural characteristics 
of action (gestalt processes such as stream/object 
segregation or pattern completion) into a sensory-
motor neural mechanism. Image schemas are one 
of the structures by which cognition is linked to 
sensory-motor neural mechanisms. From that 
position they allow the embodied experiences 
to be turned into distinguishable meanings and 
abstract concepts – and vice versa.

Multimodality is Embodied

The perspective of embodied cognition, which 
was discussed above, clearly has an effect on the 
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conception of multimodality. We should now 
see that multimodality is a natural and inevitable 
property of interaction, which emerges from 
embodied action-oriented processes of doing and 
perceiving. Theory of embodied simulations sug-
gests that in very early stages of perception, action 
is being simulated in a corporeal manner. Hence, 
the perception intrinsically involves participa-
tory simulation of the perceived action, which 
activates rapidly and is an unconscious process. 
Such simulation is inherently multimodal because 
it occurs in the parts of the sensory-motor system 
which are shared for both perception and doing and 
which respond to more than one sensory modality. 
Embodied simulations most likely also involve 
perceptual gestalt-completions of “typical” and 
contextually “good” patterns in determining the 
type of the action and its meanings. Therefore, 
regardless of the presentation mode, mediated 
representations – even with limited action-specific 
cues of, e.g., movement, direction, force, objects 
properties – can make us simulate/imagine actions 
that make sense with the current contextual whole. 
The result of such (amodal) pattern completion 
is always multimodal experience, even when 
the stimulus was unimodal – e.g., in the form 
of written language. Embodied simulations also 
explain the cross-modal associations based on 
one presentation modality – for example, why 
music can create imagery of patterns of move-
ment, body kinaesthesia, force and touch (Godøy, 
2004; Tagg, 1992; Chion, 1990). In a similar way, 
visual presentation can evoke, for example, haptic 
meanings of textures.

In addition to perception, multimodality takes 
place in the course of interaction. This is evident in 
the situations in which one can effortlessly move 
“across” modalities, for example, when a spoken 
expression is continued in a subsequent hand 
gesture, and thus how hand gestures in general 
are integrated with speech and thought processes 
(McNeill, 2005). In the context of interaction, 
embodied simulations of actions should also occur 
prior to performed actions; when we consider how 

we act and imagine what the possible outcomes 
would be, or when we anticipate actions of oth-
ers. From the perspective of embodied cognition, 
it is actually impossible to keep perception fully 
separated from interaction. We “act out” our 
perception and we perceive ourselves to guide 
our actions (Noë, 2004). Thus, our perceptional 
content is unavoidably affected by the activity 
of perceiver.

The proposed approach questions some 
traditional ideas about multimodality and the 
underlying computational metaphor of human 
cognition with its separate input and output 
systems. The embodied view of multimodality 
clearly denies the existence of separate input/
output modules – i.e. separate domains for all 
senses and motor control which do not integrate 
until in the presumed higher “associating area” 
(Gallese & Lakoff, 2005). It is thus inappropri-
ate to consider perception as passive input to the 
cognitive system, or to consider sensory modalities 
as channels by which content could be transmit-
ted independently from other senses. Of course, 
the previous paradigms concerning, for example, 
attentional capacity and redundant information 
presentation, should not be completely rejected 
but they could be understood in a new way in 
the framework of embodied cognition. Embod-
ied cognition as an approach to design has thus 
potential in shifting the orientation of traditional, 
computation–centred models to something which 
could be called human-centred.

MULTIMODAL INTERACTION 
DEsIGN

What Is “Multimodal” Design?

On the theoretical basis presented earlier in this 
chapter, we can formulate a new design paradigm 
which takes into account the natural multimodal-
ity of interaction. The proposed design paradigm 
seeks to support the user in the creation of percep-
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tions that would feel natural in the sensory-motor 
experience of the interaction. In this sense, this 
paradigm is in accordance with ecological ap-
proaches of design (e.g., Norman, 1988). The 
essence of the multimodal design paradigm, 
however, lies in its conceptualisation of interac-
tion modalities. Most importantly, this means that 
multimodality is not something that designers 
implement in applications. Rather, multimodality 
is the nature of interaction that designers must 
take into account. Hence, the multimodal design 
of UIs does not focus on different presentation 
or input modalities – nor on any communication 
technologies in themselves. By acknowledging 
this, we can begin to appreciate the modally in-
tegrated nature of our embodied sensory-motor 
experience – as a part of natural engagement of 
action and perceptual content.

What would be the main principles for mul-
timodal design? In fact, the cornerstones of this 
new paradigm are those proposed already in 
the introduction of this chapter. Already in the 
discussion about the ways to conceptualise mul-
timodality, we have concluded that “interaction 
is always multimodal in nature”. As mentioned 
above, the embodied perspective for multimodality 
formulates the basic rationale for the paradigm. 
The second principle, “design arises from mental 
images and results in mental images”, concerns 
the creation of embodied mental imagery in UI 
mediated communication. The motivation of this 
principle is to shift focus from communication 
channels and symbolic representations of infor-
mation to embodied meaning-creation based on 
sensory-motor attunement between the user and 
the UI within the context of use. The starting point 
of design should be in the flow of interaction itself 
and the mental exploration of embodied imagery 
of contextually coherent action-related meanings. 
Being bonded to embodied experiences, such 
imagery is inherently multimodal. Therefore de-
sign operates on a multimodal foundation – even 
when its concrete implementation is technically 
unimodal.

The third principle; “action-relevant mental 
imagery can be communicated by manifesting 
action-relevant attributions in the contextual 
appearance of UI”, asserts that a designer can 
actually utilise action-relevant imagery in finding 
propositional semantics for UI design (perceptual 
cues of action including, e.g., cues of movement, 
objects and intentionality involved in action). 
The aim of the exploration of mental imagery is 
ultimately to get ideas for physical cues that as-
sociate with the intended action-relevant imagery 
and thus provide support for the communication 
of it. For sure, the designer cannot absolutely 
define such couplings between certain meaning 
(i.e., mental imagery) and certain characteristics 
of UI. But these couplings are not completely 
coincidental either since, due to past interactions 
with the world, we already possess a rich history 
of meaningful experiences that can potentially 
become coupled with the contextual appearance of 
UI. As these couplings are intentional connections 
that ultimately arise in the course of interaction 
(Dourish, 2001), we propose that the designer 
must immerse herself in (actual or imaginary) 
participation in interaction in order to find ideas 
for them. The designer should possess at least a 
tentative mental model of application-user in-
teraction, from which the need for and intended 
purpose of a certain UI element has arisen in the 
first place. By exploring her own relevant experi-
ences, she should be able to pinpoint some pre-
sumably “general” action-related associations or 
their metaphorical extensions which would match 
with the communicational purpose of a UI element 
and would support the coherent perceptual whole 
in the interaction. Such meaningful imagery, as 
recurrent patterns of experience, is very closely 
related to the concept of image schema, which 
we discussed earlier.

The embodied attunement between user and 
the UI of application is the key in the communi-
cation of action-related meanings. When the user 
encounters the UI element, it should appear as an 
intentional object which indicates its purpose in 
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the course of interaction. Action-relevant cues in 
UI appearances can exploit our natural tendency 
to attune to environment and its actions. The 
aim of a designer is to implement such cues that 
would contextually support the user in creating 
the intended “feel” and mental imagery. Figure 
1 illustrates the UI-mediated communication 
process of action-relevant mental imagery. The 
imagery of designer is created in relation to her 
model of application-user interaction and to the 
arisen need/purpose of the certain element in UI. 
Correspondingly, the imagery of a user is created in 
relation to how she has experientially constructed 
(i.e., modelled) the interaction and how that certain 
UI element is encountered in interaction. This is 
quite analogous with Norman’s (1988) account 
of system image and the related models, but in 
our approach, the mental construction covers the 
whole interaction in the context of use, not the 
system operation only. Unlike in traditional theory 
of communication (Shannon & Weaver, 1949), the 
process is not unidirectional. Both the user and 
the designer are seen as equally active in creating 

mental imagery that contextually makes sense. 
Even though these two mental constructions would 
never be precisely the same, the contextual utili-
sation of common experiential (sensory-motor) 
invariants can guide the perception of the user be 
attuned with the designer’s intention.

Mental exploration is a common practice, for 
instance, in film sound design (Sonnenschein, 
2001). The sound designer, having immersed 
herself in the plot and the narration of the film, 
reflects her own experiential sensory-motor 
background in order to mentally “listen” to the 
sounds in order to determine acoustic invariants 
that would presumably relate to the preferred 
subjective experience.

The cues of action-relevant imagery can be 
encoded into various forms of physical mani-
festation. Therefore their appearance in UI can, 
for example, be realised either within a single 
presentation mode or in co-operative integration 
of multiple modes. If the propositional mental 
imagery involved touching a rough-surfaced 
object, we could equally imagine what kind of 

Figure 1. The communication of action-relevant mental imagery via the processes of design and ap-
plication use
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sounds it would produce, what it would feel like 
(in a haptic sense) and what it would look like. 
And even if the technical UI element eventually 
resulted in a unimodal form (e.g., audio feedback), 
the perception would always be engaged with the 
multimodal completion of perceptual content. For 
instance, while sliding our finger on the touch 
screen, associated audio feedback (indicating 
a rough surface) can also situationally induce 
pseudo-haptic perceptions of surface roughness. 
Radio-plays are also good examples of multimodal 
completion; they have been called “theatre of the 
mind” because they allow listeners to use their 
imagination solely on the basis of sound cues.

However, as in the phenomenon of synchresis, 
the concurrent contextual framework (e.g. UI 
appearance of other modes of presentation) will 
ultimately guide the situated perception of an UI 
element. Such perceptual modulation is evident, 
for example, in the findings of Bresciani et. 
al. (2005) and Guest et. al. (2002). We should 
therefore pursue integrated design perspectives 
that take into account all concurrent presentation 
modalities in the situational context of use of an 
application. The design of different UI elements 
should be focused on supporting the construction 
of coherent imagery as a perceptual whole – not 
on evoking competing denotations.

One of the advantages of the proposed design 
paradigm lies in bringing the essence of interac-
tion – action and intentionality – to its central 
role in perception and meaning creation. If our 
perceptual content is integrated into our own ac-
tions, goal-oriented participation in interaction, we 
cannot distinctively talk about input and output 
semantics without acknowledging the embodied 
situation as a whole. Moreover, if our perceptual 
content is based on enactive simulation of activity, 
we should learn to conceive the semantics of HCI 
as embodied meanings of intentional activity – not 
just as representations in different channels. The 
fourth principle of multimodal design sums up 
the point: “Acknowledging the bodily nature of 

interaction as a basis in design inevitably results 
in support for multimodal interaction.”

The proposed design paradigm is nothing com-
pletely new; multimodal interaction design is in 
line with the current development in the philosoph-
ical foundation of the HCI-field, emphasising in-
teraction design, user- and context-centred views, 
user experience, ecological perception, situated 
actions, and the ideas of tangible interaction. It is 
largely overlapping with the design principles for 
embodied interaction, introduced by Paul Dourish 
(2001). Recent accounts concerning the design of 
enactive interfaces (see e.g. Götzen et. al., 2008) 
are also related to the proposed design paradigm. 
In the following sections, we will further discuss 
the utilisation of mental imagery in the design of 
UI elements. The following design case will also 
demonstrate how our conceptual framework is 
realised in design. It should be noticed that in the 
following sections the discussions and examples 
are biased towards the design of UI presentation/
feedback elements. However, it should be seen 
as a practical restriction of this study and not the 
restriction of the paradigm itself.

Designing Action-Relevant 
User Interface Elements

Defining Action Models

In the previous section we already suggested 
that the designer’s mental imagery arises from 
her conceptual model of interaction. Imagery is 
also bound up with the purpose of a UI element. 
This communicative function also arises from the 
designer’s model of interaction. Indeed, keeping 
interaction design in mind, we suggest that such 
a communicative function of a UI-element is the 
first and foremost factor to be considered in its 
design. Thus, the first questions to be asked are: 
Why do we need the UI element? What should 
be the communicational role of the UI element 
instance in interaction? And in what way is it used 
in the model/flow of interaction?
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In considering the above questions, we should 
be able to imagine the flow of application-user 
interaction and explore different associations that 
are related to the role and the characteristics of the 
propositional UI element. This can be achieved, 
for example, with participatory exploration of 
use scenarios. These associations are what we 
call action-relevant mental imagery or embodied 
meanings, but they could as well be called design 
ideas or design concepts for an element. Associ-
ated mental imagery does not always have to refer 
to actual HCI context. For the sake of creativity, 
it is actually important to also explore non-HCI 
associations which arise from the interaction 
model – or from the interaction in some other, 
analogous, context. In the latter case, it is a ques-
tion of utilising metaphors in design.

When starting to design UI elements with 
certain action-relevance we need to outline the 
activity to which this relevance refers. Such a 
conceptualisation of action involves a mental 
image of generalised and contextually plausible 
action, which we will call the action model. It is 
an image-like mental model of sensory-motor ex-
perience that involves the general type of activity 
(forces, movement, objects) and its general type 
of occurrence. In addition, it may involve the gen-
eral type of intentionality, i.e., causality between 
mental states and the action. Like image schemas, 
action models refer to recurrent patterns of experi-
ence. Action models can be conceived as design 
ideas that guide the designer in attributing certain 
action-relevant semantics to the design. Together 
with the designer’s model of interaction, they 
work as high-level mental conceptions, against 
which the design is reflected when considering 
its action-relevance.

In our design case (reported later in this chapter 
in more detail) we ended up using three different 
action models as three different approaches to the 
design of the same auditory feedback. These mod-
els referred to general types of actions in general 
types of occurrence like “connection of an object 
with a restraining object”. It is important to notice 

that if more than one action model is used, they 
all should support the construction of the intended 
perceptual whole, that is, meanings that become 
fused into the action experience.

When considering UI presentation, it is appro-
priate to make a distinction between natural and 
artificial action-presentation relationships, similar 
to the action-sound distinction made by Jensenius 
(2007). In fact, every action-presentation relation-
ship in UI is essentially artificial. However, like 
in Chion’s (1990) synchresis, the relationship can 
be experienced as natural because of UI presenta-
tion’s plausible action-relevance in the situational 
context on which it is mapped. Hence the instance 
of UI presentation can become perceptually fused 
with concurrent actions and result in an illusion 
of naturalness.

The continuum from natural to artificial oper-
ates in two dimensions. Firstly, it concerns the 
relationship between the action model and its 
context in the interaction model (see Figure 2) 
and secondly, the relationship between the action 
model and its degree of realisation in presentation 
(see Figure 3). These relationships in the first 
dimension can involve direct, indirect or arbitrary 
mappings. Indirect mappings involve some kind 
of mental mediator, for example, use of metaphors 
or analogical thinking. Arbitrary mappings always 
involve the use of some sort of code.

Let us consider the design task of creating 
feedback for controlling certain parameter on a 
touch screen. The change of parameter value needs 
to be done in discrete steps – either upwards or 
downwards. For each change operation, the feed-
back should be robust enough so that the user can 
be confident of success. One straightforward way 
to schematise such a control would be based on 
mappings between upward or downward strok-
ing on a touch screen surface and changes in a 
parameter value. Based on that, we could adopt 
the real physical involvement of “stroking with 
a finger upwards or downwards” directly as an 
action model for feedback. But in order to support 
the required robustness and the feel of control, we 
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could outline the action model metaphorically as, 
for example “rotating a resisting wheel upwards 
or downwards until it snaps into a retainer that 
holds it”. From such an action model, it would be 
easy to imagine visual, haptic or sonic feedback 
that would feel functional and natural (offering 
the sensations of mass, resistance and restraint) 
when being coupled with stroking on the screen 
surface. For the interaction model of discrete 
changes, we could also adopt a convention of 
pressing a “plus-button” for increase and pressing 
a “minus-button” for decrease. Hence the relation 
of the action model “pressing a button” and the 
parameter control would be arbitrarily defined.

As will be shown in our design case, for 
the design of feedback elements it may also be 
appropriate to explore action models from the 
perspective of interpersonal interaction metaphor. 
The active subject would be an imaginary “agent”, 
i.e., the intentional (2nd person) counterpart of 
interaction. In feedback element design this can 

be a very fruitful approach because it would allow 
the attributions of 2nd person response.

In general, the use of multiple action models is 
able to produce more interesting results in design 
than use of a single model, as it can provide mul-
tiple layers of action-based semantics. Because 
the degree and the means of utilisation of each 
model in realised presentation varies, it should 
be possible to implement the manifestations of 
more than one action model in a single presenta-
tion element. When considering multiple action 
models in design, they can also be allocated for 
use with separate presentation modalities.

The second dimension, relationships between 
the action model and its attributes implemented 
in presentation, involve quite different kinds of 
relations than the first dimension. Of course, 
before these general-level action models can be 
used in design, they have to be manifested in a 
concrete form. The second dimension operates 
with considerations of “how much” and “in what 

Figure 2. Mappings between the action model and the interaction model

Figure 3. Relationship between the action model and its use in UI presentation
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way” these manifested attributes of action models 
are utilised in the realised UI element. Roughly 
defined categories of the second dimension include 
1) direct use, 2) morphological use and 3) mini-
mal use of the action model manifestation. These 
categories are inspired by similar use of model 
appropriation in the composition of electroacous-
tic music (Garcia, 2000). Direct use means that 
the presentation element is a partial or complete 
reconstruction of the action model manifestation. 
Morphological use means that the model and its 
manifestation are taken as a formal structure, i.e., 
the designer extracts some organisational laws of 
the model/manifestation and utilises these features 
morphologically in the design. Minimal use means 
that only such reduced or general features or cues 
of the model/manifestation have been utilised in 
the design which do not appear as resemblances 
between the presentation and the model/mani-
festation. In the next section, we will discuss the 
manifestation of action models.

Manifesting Action-Relevant 
Mental Imagery

Godøy (2001) has proposed a model of musical 
imagery where our understanding of (sound-
producing) actions is founded on sensory-motor 
images of excitation (imagery about what we do 
or imagine/mimic doing, e.g., body movement 
or gestures) and resonance (imagery about the 
effects, i.e. material resonances, of what we 
do or imagine/mimic doing). Because of the 
multimodal, holistic nature of such mental im-
ages, this model should be easily adaptable to 
the multimodal design perspective, in which it 
can be used as a guide to mentally enact motor 
movements and explore the reflecting material/
object-related imagery. This kind of “manifesting 
by enacting” takes the action model as a starting 
point and aims to elaborate it into a more detailed 
scenario of action and its resonances. The result 
of this creative process should include tangible 
ideas for concrete actions; gestural imagery, 

action-relevant mechanical invariants produced 
by certain materials and objects within interaction 
and, more generally, a “scheme” of the action that 
can be consequently articulated in physical form. 
Physical articulation can aim at analytic realisation 
of action imagery (e.g., manually or by physical 
modelling), or it can adopt some structures or ideas 
from the action imagery and interpret them in a 
more “artistic” manner. For example, an action 
model of “letting loose” might be articulated as 
short drum tremolo, which retains the feeling of 
“removing a restraint” and a decaying contour of 
force felt in the imagined action.

To complement Godøy’s model presented 
above, we suggest an additional type of imagery 
which provides the motivational basis for the other 
two. Images of intentionality concern goals, mo-
tivations and also emotions behind the perceived/
imaginary action. The exploration of intentionality 
behind action should be based on the designer’s 
considerations of the functional purpose of a UI 
element in its context (see the earlier discussion 
about communicative function).

UI elements are intentional objects which, 
together with their contextual appearance, should 
indicate their functional purpose. Human percep-
tion seems to have a tendency to denote purposes 
or motivations behind the perceived actions. As 
perception involves a mirror mechanism – the at-
tunement to the actions of other people – we thus 
have a corporeal apparatus for “catching” the cues 
of intentionality. The attribution of intentionality 
can also be extended to the perception of mate-
rial movement, providing that we can imagine an 
intentional subject being involved in the action. 
(Leman, 2008.) Therefore UI elements can convey 
intentionality and can be understood as intentional 
objects, even if they do not directly denote the 
presence of another person. It is up to the designer 
to make sure that UI elements comprise suitable 
attributions of, for example, communicative intent. 
In other words, the designer must ensure that the 
imaginary action and its physical articulation is 
an outcome of intention-in-action (Searle, 1983) 
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that matches the propositional communicative 
purpose of a UI element.

Physical articulations that spontaneously occur 
as the result of direct corporeal involvement in 
interaction can be called 2nd person descriptions 
of the subject’s intentionality. Such articulations 
naturally occur, for example, in person-to-person 
(“from me to you”) communication. As they reflect 
direct involvement in interaction, they are not a 
result of subjective interpretation but an “experi-
ence as articulated”. As gestural manifestations 
of corporeal intentionality, they provide cues of 
intentionality in the form of physical features 
and thus offer a way to find correlates between 
subjective experiences and objective physical 
properties. (Leman, 2008.) It would be valuable, 
if stereotypical physical cues of specific intention 
to communicate could be captured in corporeal 
articulations. In other words, the use of such bodily 
determined invariants in the appearances of UI 
would form an intention-specific semantic basis. 
Intention-specific cues could be utilised to facili-
tate HCI – including feedback presentation and 
gesture recognition. In our design case, we used an 
action model that was based on a person-to-person 
interaction metaphor. The action model involved 
a vocal speech act with a specific communicative 
intent. Prior to spontaneous vocal articulations, we 
first explored various mental images of suitable 
vocal gestures in order to become situationally 
immersed. From recorded articulations we aimed 
to capture features of physical energy that would 
reflect the communicative intent in the speech act 
(i.e., the illocutionary force). In the design, these 
acoustic features were thus utilised as cues of 
corporeal intentionality. A similar type of gestural 
imagery and its physical articulation has already 
been utilised in the design of non-speech audio 
feedback elements (Tuuri & Eerola, 2008).

Despite the fact that the core of design process 
operates at a highly subjective level, the results 
of this process must always be transferred into a 
form of observable features. From the perspec-
tive of design methodology, the problem is the 

gap between subjective (1st person) ontology of 
experience and objective (3rd person) ontology 
of physical appearance, which makes the formu-
lation of systematic methods very difficult. We 
see that at least one answer to the problem lies in 
spontaneous physical articulation of design ideas. 
As an interaction-derived, action-related imagery 
of the designer is manifested and expressed in 
physical terms, the structure and features of the 
physical phenomenon can be analysed and later 
utilised systematically in design. At the same time, 
the design idea can more easily be sketched and 
communicated within a design team.

UI Element Design as a 
Creative Process

To sum up the design process and utilisation of 
action relevant mental images at a general level, we 
decided to categorise the different design phases 
by conforming to the classic model of the creative 
process. Traditionally the process is described in 
five phases: 1) preparation, where the problem or 
goal is acknowledged and studied, 2) incubation, 
where the ideas are unconsciously processed, 3) 
insight, where the idea of a plausible solution 
emerges, 4) evaluation, where the idea is somehow 
concretised and exposed to criticism and 5) elabo-
ration, where the idea is refined and implemented 
(Csikszentmihalyi, 1996). Our modified process 
includes four phases: 1) defining the communica-
tive function for the UI element, which matches 
fairly well the classic goal defining and preparation 
phase, 2) defining action models and exploring 
action-relevant mental images, which comprises 
recursive incubation and insight phases with the 
aim of elaborating action-relevant imagery, 3) 
articulation, which refers to concretisation and 
evaluation of ideas, and finally 4) implementation 
of the UI element, which is the phase where the 
concretisations of action-related ideas are com-
posed into the final appearance of a UI-element. 
Of course, this kind of process model is always 
a crude simplification of the real processes. For 
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example, in actual design there is not always a 
clear boundary between mental exploration and 
its articulation.

In the sections above, we have introduced 
some conceptual tools, such as the usage of action 
models, which we consider essential in applying 
the action-oriented multimodal perspective in 
the UI element design. We will next expose this 
theoretical foundation to the creative process of 
real-world interaction design by presenting a 
case report.

Design Case: Physical 
browsing Application

Background

The aim of the case was to design an appropri-
ate sound feedback element to complement the 
experience of “physical selection” in the physi-
cal browsing application. Physical browsing is 
a means of mapping physical objects to digital 
information about them (Välkkynen, 2007). It is 
analogous to the World Wide Web: the user can 
physically select, or “click”, links in the immedi-
ate environment by touching or pointing at them 
with a mobile terminal. The enabling technology 
for this is tags that contain the information – for 
example web addresses – related to the objects to 
which they are attached. The tags and their readers 
can be implemented with several technologies. In 
this application, we chose RFID (Radio-Frequency 
Identification) as the implementation technology. 
The tags can be placed in any objects and locations 
in the physical environment, creating a connection 
between the physical and digital entities (Want 
et. al., 1999).

Because of the close coupling between physical 
and digital, the properties and affordances (Nor-
man, 1999) of the physical environment – namely 
the context, the appearance of the object and the 
visualisation of the tag – form a connection with 
the digital content of the physical hyperlink. Each 
part of this aggregate should complement each 

other. The same holds for the interaction with 
the tags and the links they provide: optimally the 
user feels as if she is interacting with the physical 
objects themselves with a “magic wand”. This kind 
of system is very close to tangible user interfaces 
(Holmquist et. al., 1999; Ishii et. al., 1997) even 
while we use a mediating device to interact with 
the physical objects.

While we can call the short-range selection 
method ”touching”, the reading range is not actu-
ally zero, that is, the reading device and the tag 
do not need to be in physical contact with each 
other (see Figure 4). The reading range is typi-
cally a few centimetres and because it is based 
on generating an electromagnetic field around 
the reader, it varies slightly in a way that does 
not seem deterministic to the user. Typically, the 
hardware and software combinations only report 
a tag proximity when the contents of the tag are 
already read, which means that guiding the user 
in bringing the reader slightly closer to the tag is 
not generally possible – we only know if a tag 
has been read or if it has not.

Because the physical action of selecting a tag is 
a process that happens in three-dimensional space, 
during tag reading the mobile device is often at an 
angle where it is difficult to see what is happening 

Figure 4. Selecting an RFID tag with a reading 
device in physical browsing
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on the screen, and an arm’s length away from the 
user’s eyes. Therefore, other modalities, such as 
sounds, are especially important in reporting the 
successful reading of a tag.

Design Process

The design goal was fairly straightforward, as the 
propositional purpose of sound was to provide 
feedback to the user about successful reading of 
an RFID tag in the physical selecting. However, 
in this early phase of design it was important to 
formulate a more detailed picture of what the 
actual constitutes of this feedback function are 
in the current context of interaction. Hence we 
created and, by imaginary participation, explored 
a contextually rich use scenario about the usage 
of a physical browsing application (for details 
see Pirhonen et. al., 2007) and ended up with 
design principles that determine some important 
qualitative aspects of the required feedback. Most 
importantly, sound should clearly illustrate, in real 
time, the selecting/reading of the tag. For the user, 
the sound would thus appear as “the” sound of 
that particular event of virtual touching, providing 
confirmation of success and a feel of control. As 
a consequence, the feedback sound would inform 
the user that physical pointing towards the tag is 
no longer needed. Feedback should also “answer” 
the user’s intentions in selecting this particular 
tag (from many) and in wishing to peek at what 
kind of content the tag holds. To achieve these 
goals, sound design should evoke confirmatory 
associations in the user that are contextually suited 
to such intentions and the user’s conception of 
the tag selecting action. As a secondary purpose, 
the sound should discriminate different tag types 
from each other. In this particular application 
there were four types of RFID tags referring to 
the type of media content they hold (text, picture, 
sound or video). However, this second purpose 
of the feedback sound had much lower priority in 
actual design considerations than the main purpose 
presented above.

Relating to a separate study of creative group 
work in design (Pirhonen et. al., 2007), we 
started the design by conducting three iterative 
panel-working sessions with six panellists. In 
the first panel session the aim was to immerse 
the panellists in the use of the physical browsing 
application. Such participatory experience was 
supported by a detailed story about a person us-
ing an application. The story was narrated as a 
radio-play and was based on the rich use scenario 
mentioned earlier. Panellists thus got the oppor-
tunity to enact contextual instances of physical 
selecting of RFID tags, and to explore what kind 
of imaginary sound they heard in association 
with the experience. Hence, the result of the first 
panel session was a list of verbally expressed 
ideas about the sound. These ideas fell roughly 
in two categories: sounds of connections (such as 
“clicks” and “dings”) and sounds with an upward 
gestural motor image (such as a rising two-tone 
melody). By mental exploration, we interpreted 
the first category as sound producing actions of 
“connecting an object with a restraining object” 
and the second category in terms of imagery of 
“picking something up (out of the container)”. 
These two general types of action experiences 
were adopted as action models for the design. 
Both models have an indirect relationship with the 
actual doing of physical selecting, although the 
model of “connecting” has a much closer analogy 
with the physical selecting than the latter model, 
which is based on a gestural metaphor.

On the basis of both action models and other 
ideas, we made various types of sounds as re-
corded articulations of suitable sound-producing 
actions and as synthetically generated sounds. In 
the consequent panel sessions, these sounds were 
evaluated by the same panellists. The most liked 
one was the sound of a single metronome “click”. 
A high-pitched two-tone melody of rapid upward 
5th interval (played on a metallophone) was also 
liked, but because of its long decay time it was 
considered “a little too long”.
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After the panel sessions, we also came up with 
the idea of exploring person-to-person interaction 
metaphors for an additional action model. We 
made analogies to various interpersonal com-
munication scenarios that involve similar kind 
of “pointing” to an object, and the related 2nd 
person utterance as confirmatory feedback. We 
defined the third action model as a vocal gesture 
of “asking for confirmation” – with a polite and 
confidence-supporting intention such as “So, you 
mean this one?” The essential element of this ac-
tion model was communicative intent in the speech 
act (i.e., the illocutionary force), not the verbal 
content. Suitable action relevant utterances, using 
a Finnish word meaning “this one?” (as a rhetori-
cal question), were explored and spontaneously 
articulated the imaginary interaction scenario in 
mind. Articulated utterances were recorded and 
analysed acoustically for their prosodic features, 
namely fundamental frequency (F0), intensity 
and first formant (F1), to be utilised in the design. 
The presumption was that such prosodic features 
would carry cues of the corporeal intentionality of 
the vocal action (Leman, 2008; Banse & Scherer, 
1996), allowing its intention to communicate to be 
implemented in design. The extraction of prosodic 
features was performed with Praat software (see 
Boersma, 2001). After some preliminary listening 
to the synthesised versions of F0 pitch contours 

of the utterances, one utterance was chosen as a 
basis for the subsequent sound design because 
we felt it supported the upward gestural imagery 
similar to the “picking something up” model. 
Figure 5 illustrates the original and interpolated 
pitch contours of the selected utterance.

We preferred the interpolated version of the 
pitch contour, as it provided a solid, undivided 
basis for sound synthesis. We then shifted all pitch 
values into a higher register (at the rate of 2.7), 
before producing renditions of the contour. Four 
versions were synthesised. Each version used a 
different type of waveform (triangle, sinusoid, 
sawtooth, square) resulting in different timbres. 
This simple feature was intended to support the 
distinguishing of different tag types. Next, the 
extracted intensity contour was applied to all four 
sounds in order to provide them with the dynamics 
of the original utterance. Likewise, all four sounds 
were filtered using the extracted information of 
the first formant (F1) in the original utterance. It 
is worth noting that although formant filtering 
(with one formant) was used, the aim was not to 
reproduce speech-like sounds. However, filtering 
did provide the sounds with certain human-like 
qualities.

Finally, three different sound elements, which 
originated from corresponding action models, 
were mixed together in a multi-track audio editor. 

Figure 5. Visualised pitch (F0) contours of the selected utterance. The original segmented contour is 
on the left, and the contour with an interpolated gap on the right. The interpolated contour was used 
in the design.



158

Bodily Engagement in Multimodal Interaction

These source elements were 1) the metronome 
click, which provided the proper qualities of physi-
cal connection to the beginning of the UI feedback, 
2) the two-note metallophone melody, which was 
shortened by fading out the long-sounding decay 
and used in the beginning of the sound to provide 
damped metallic hits, and 3) the synthesised sound 
we produced on the basis of extracted prosodic 
information. The third source element provided 
the body element for the UI feedback sound, also 
providing the only difference between feedback 
sounds for different tag types. As a design ap-
proach, the use of the acoustic structure of a vocal 
act in sound design is analogous to parameterised 
auditory icons (Gaver, 1993). In the editing pro-
cess, source elements were transformed in various 
ways (e.g. balanced, filtered and reverberated) in 
order for the result to be aesthetically pleasing and 
functional sound. Action models and their use in 
the design are summarised in Table 1.

Evaluation of the Design

So far we have discussed the physical browsing 
application without a context. Next we will out-
line a physical environment in which we evalu-
ated the feedback sound design. We then report 
some usability issues of the evaluation study we 
conducted.

The system was used in a bicycle exhibition in 
a museum. The museum was situated in a former 

engineering works1 thus providing a large open 
space for exhibition. The physical browsing sys-
tem consisted of a palmtop computer (Personal 
Data Assistant, PDA) with wired headphones 
and an RFID reader integrated into a PDA. The 
PDA communicates with RFID tags, which are 
read by touching the tag with the PDA, that is, 
bringing the RFID reader within a few centimetres 
of the tag. The contents linked to the RFID tags 
were videos, sound files, images and short textual 
descriptions about the artefacts and themes in the 
exhibition. The software system consists of a web 
browser, media player, image viewer and RFID 
reading software. The RFID reading software is 
responsible for

1.  detecting the proximity of the RFID tags,
2.  determining the media type corresponding 

to the tag,
3.  playing the sound feedback, and
4.  presenting the media in the appropriate media 

display software.

Ten volunteers participated in the evaluation 
test. They explored the exhibition just as any other 
museum visitor carrying a PDA and headphones. 
During usage, the participants were observed and 
after the exhibition visit they were interviewed. 
The participants were asked to rate the suitability 
and the pleasantness of the sound feedback on a 
scale from 1 to 5. Then they were interviewed 

Table 1. Summary of action models and their usage in the design of feedback sound

ACTION MODEL: Connecting an object with a 
restraining object

Picking something up Asking confirmation (speech 
act)

Relationship with an action of 
physical selecting:

Analogy of real touching 
instead of virtual

Based on a gestural metaphor 
(refers to “picking up” the content 
from the tag)

Based on a person-to-person 
interaction metaphor

Usage in the UI presentation: Direct usage 
(plausible “click” sound for 
object-object collision)

Minimal usage 
(action model as a basis for 
musical articulation, which was 
partially used)

Morphological usage (acous-
tic structure of an utterance 
was used)

Propositional type of semantics: Object-interaction resonance Motor-mimetic image of move-
ment (upwards)

Cues of corporeal intention-
ality (via motor-mimetic 
image)
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about the qualitative aspects of the sound. The 
participants were also asked whether they noticed 
the different types of feedback sounds (4), and 
whether those sounds helped to distinguish the 
associated media types from each other.

On a scale from 1 to 5, the average rating 
for suitability was 4.4 and for pleasantness 3.9. 
The sounds were considered especially clear and 
intelligible, and several subjects mentioned that 
the sounds were not irritating. In a positive sense, 
the sounds were also characterised as “not a typi-
cal sound signal” and as “friendlier than a basic 
beep”. Other qualities of the sound mentioned 
were “soft” and “moving”, and that the sound 
“corresponded well with the physical action” of 
reading the tag.

The sounds seemed to work very well as feed-
back. Most of the subjects soon stopped paying 
attention to the sounds as separate user interface 
entities and took them as a natural part of the 
physical user interface. After use, the participants 
considered the sounds to be an important response 
that made physical browsing easier. One subject 
summarised the significance of the sound as fol-
lows: “because the touching range varied slightly, 
and the loading of the content took some time, 
the sounds were important feedback for knowing 
when touching the tag had succeeded”.

None of the participants noticed any difference 
between the sounds of the different media types. 
So, in the use context of an application, slight 
timbre modification for sounds of different media 
types evidently did not provide any difference in 
the feedback experience. This is an interesting 
observation because, although the sounds are 
undoubtedly similar, the difference between the 
sounds is clearly noticeable when comparing them 
directly to each other.

Illustrating the New Paradigm

The design task of the reported case was delib-
erately simple, even trivial. This was because a 
simple case made it possible to illustrate the con-

tribution of the new paradigm at a more detailed 
level than a complex one. In this chapter, we are 
not proposing any special design method for any 
special need nor trying to prove its effectiveness. 
Rather, we are proposing a new mental framework 
to approach UI design. To illustrate that approach, 
the case study presented provides a clear and 
down-to-earth example. The fact that the design 
task involved a technically unimodal result was 
also a deliberate choice. In this way we intend 
to demonstrate that the proposed paradigm sees 
multimodality as a quality of the design process, 
not as multiple technical modalities in the result-
ing design. It can be argued that a professional 
designer could end up with similar results. We do 
not deny that. It is true that designers may more 
or less implicitly follow design practices which 
are very similar to the ones proposed. However, 
as mentioned at the beginning of the chapter, 
one of our challenges is to explicate such tacit 
knowledge that designers have.

The embodied perspective of multimodal 
design stresses the coherency of the perceptual 
whole which the user actively constructs in in-
teraction. In the illustrated sound design case, 
the goal was to produce the sonic appearance of 
reading the RFID tag with a mobile device. From 
the viewpoint of multimodal design, the most es-
sential issue is how this sound would be perceived 
within the embodied tag-reading experience. In 
order to achieve a design that would be coherent 
with the embodied experience of user, the com-
municative function, action models and design 
principles in general were built on the enactive 
exploration of interaction. We demonstrated the 
explicit usage of action models as mental tools in 
pinpointing action-relevant imagery to be utilised 
as propositional perceptual content (semantics). 
Hence we utilised three types of (non-linguistic) 
propositional semantics for a simple confirmatory 
feedback function. Analytic use of conceptual 
action models allowed these attributions/appear-
ances to be consciously explored and explicitly 
implemented in the design.
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Despite the unimodal presentation of the result-
ing design, we argue that the result is perceptually 
multimodal. Firstly, the situated instance of sonic 
appearance is intended to be coupled with motor 
movements of the user resulting in a situational 
pseudo-haptic illusion of a touch. Secondly, the 
feedback sound itself is designed with the inten-
tion of supporting the user in attuning to “move-
ment in sound” and creating action-oriented 
sensory-motor illusions. Within the traditional 
conceptualisation of multimodality in HCI, a 
feedback event would be easily considered merely 
in terms of transmitting the feedback information 
concurrently in sonic and visual (tiny PDA screen) 
channels. Disembodiment from the interaction 
can also lead to oversimplified considerations of 
semantic content. The designer could think, for 
example, that feedback sounds can be directly 
recycled from application to application since they 
are designed to convey the same feedback “mes-
sage”. This kind of “absolute” view on semantics 
takes a model of interaction and its relation to a 
UI element as self-evident, and easily dismisses 
the communicational potential that even a simple 
feedback sound can have when it is designed as 
activity – and for activity.

CHALLENGEs AHEAD

As stated already, multimodality should not be 
understood as a design option, but as a basic qual-
ity of human behaviour. Thus the design process 
is multimodal, as well as interaction between 
humans, and interaction between a human being 
and a technical device.

If human-computer interaction has always been 
multimodal and will always be, why even pay 
attention to this kind of inevitable phenomenon? 
Let us think about the current human-computer 
interaction paradigm. It was largely developed in 
the era when a computer meant a desktop work-
station. The interaction concepts were based on 
the framework which was defined by the desktop 

unit with its software, keyboard - later mouse- 
and essentially a visual display. The tradition 
of elaborating interaction design was inevitably 
connected to the existing hardware. Therefore, 
the conceptual framework of HCI is still largely 
related to past technology.

The main contribution of the current work is to 
provide a new conceptual basis for the multimodal 
design of multimodal user-interfaces. By using the 
ideas of Thomas Kuhn (1970), it can be said that 
we aim at defining a design paradigm for future 
needs. We argue that the concepts, or perspective, 
or paradigm, of the past is simply not adequate 
for future needs. Kuhn argued that the paradigm 
defines what we see and hear – it is the framework 
for figuring out our environment. If the paradigm 
of HCI is inappropriate, we as designers may fail 
to see something essential about the use of techni-
cal devices. Likewise, Lakoff and Johnson (1980), 
quite some time ago in their famous metaphor 
book, argued that our metaphors define what we 
perceive. Metaphors, in this context, mean for in-
stance the terms which we use for conceptualising 
human-computer interaction. In other words, we 
aim at providing a conceptual framework which 
would serve as a highly appropriate and theoreti-
cally founded interaction design basis for future 
technology. The proposed conceptual framework 
would reveal issues which would otherwise stay 
hidden. It provides a perspective, which is appli-
cable when shifting from desktop applications to 
mobile and ubiquitous computing, or any other 
novel technical setting.

A closely related design issue is the largely 
evolutionary nature of the development of high 
technology. Each new generation of technical ap-
plications inherits many of the properties of the 
preceding one. The way we try to interact with a 
new device is based on our previous experiences. 
Therefore it is understandable that the industry 
often tries to soften the introduction of new ap-
plications by making them resemble familiar 
products. However, evolutionary development of 
technology may also prevent really new ideas from 
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being implemented. In the design of multimodal 
user-interfaces, an evolutionary approach implies 
the acceptance of the basic structure of past user 
interfaces. A well-known example is the so-called 
qwerty-keyboard as the dominating input device. 
Even if there is no other rationale but tradition to 
keep it in the form it was developed for mechani-
cal typewriters, not too many manufacturers have 
dared to make any modifications to it. A similar 
reluctance to change the form of a technical de-
vice can be seen in numerous product categories. 
When digital photography freed camera designers 
from the technical constraints of a film roll, the 
whole organisation of lens, viewfinder and control 
devices could be rethought afresh, a “tabula rasa”. 
Some unprejudiced studies of the digital camera 
were released then. Those products made brand 
new ways of composing and shooting possible. 
Unfortunately, a very conservative design has 
dominated ever since.

It can be argued, that conservative design 
dominates because consumers are conservative. 
We would rather not blame only consumers. 
Sometimes novel ideas have been commercial 
successes. Apple, with its innovative graphical UI 
and portable devices with revolutionary interaction 
concepts, has proved that consumers are ready to 
accept new ideas as well. This shows that consum-
ers are ready to accept brand new concepts as well 
as modifications of existing products.

Since computation can nowadays be embed-
ded almost anywhere, the future of computing 
can be expected to be truly ubiquitous by nature. 
In ubiquitous computing, our everyday environ-
ments are part of the user interface, and there is 
no clear distinction between different applications 
within a single physical space. This emerging set-
ting challenges design. Interaction with different 
ubiquitous applications cannot rely on the models 
which we adopted in the era of personal comput-
ers. In so-called smart environments, technology 
should support more natural interaction than, for 
instance, typing. Understanding our naturally 
multimodal way of interacting with our environ-

ment would be essential in order to design usable 
ubiquitous applications. The physical browsing 
case is an early and simple example of embedding 
the interface – and multimodal interaction – into 
the environment.

When designing the products of the future, we 
will need to be able to take a fresh look at what 
people really need. The elaboration of existing 
technological conventions (i.e., evolutionary 
approach) is not necessarily adequate. By under-
standing the central role of bodily experience in 
the creation of meaning, designers would be able 
to get to grips with something very essential in 
interaction between a human being and a technical 
device. This, in turn, would help to create product 
concepts which genuinely utilise the available 
technology to fulfil human needs.

CONCLUDING sTATEMENTs

The prevailing interaction design paradigm 
inherits its basic concepts from an information 
processing model of human cognition. In practical 
design, this approach has proved to be inadequate 
in conceptualising interaction of a human being 
and a technical device.

New ideas about interaction design, which 
challenge the legacy of the mechanical view of 
human cognition, have already emerged. How-
ever, the new approaches have not yet managed 
to formulate a concise framework. In this chapter, 
we have proposed a new paradigm for interaction 
design. It is based on the idea of the human being 
as an intentional actor, who constantly constructs 
meanings through inherently multimodal bodily 
experiences. The case study illustrates that the 
proposed approach provides a relevant conceptual 
framework for understanding interaction with a 
technical device, as well as for understanding the 
design process. The evaluation of the design case 
indicates that the implemented sounds reflected 
essential properties of intentional action in the 
given context.
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The proposed approach does not contain de-
tailed guidelines for successful design. Rather, 
it is a sound, theoretically founded conceptual 
framework. As such, it provides designers with 
concepts which should orientate the design pro-
cess in a relevant direction in terms of human 
intentionality in interaction.
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