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Abstract. This paper discusses rational interaction as a methodology for 
designing and implementing dialogue management in ambient environ-
ments. It is assumed that natural (multimodal) language communication is 
the most intuitive way of interaction, and most suitable when the interlocu-
tors are involved in open-ended activities that concern negotiations and 
planning. The paper discusses aspects that support this hypothesis by focus-
sing especially on how interlocutors build shared context through natural 
language, and create social bonds through affective communication. Fol-
lowing the design guidelines for interactive artefacts, it is proposed that 
natural language provides human-computer systems with an interface which 
is affordable: it readily suggests the appropriate ways to use the interface. 

 1 Introduction 

Human-computer interaction can be seen as a communicative situation where the 
participants have various kinds of intentions and expectations concerning the con-
tent and flow of the communication (see e.g. [1,3,8,13]). It is not our claim, how-
ever, that the computer is conscious about its acts or that it understands the mean-
ing  of  linguistic  symbols  in  the  same  way  as  the  human  users;  rather,  we  put  
forward the view that the human-computer interactions are perceived as natural 
and intentional, if the computer agent’s operation and interaction capability are 
based on similar capabilities as those used in human-human interactions. Our in-
terest lies in studying assumptions and processes that affect natural interaction and 
human perception of what is natural interaction. Rationality is a crucial aspect of 
social agency and communication, and it is important to take it into consideration 
when building ambient conversational agents that emerge in our environment [16]. 

The tasks that the computer is expected to perform have become more com-
plex: search, control, manipulation, and presentation of information are activities 
where the relation between the input and the output is not necessarily predeter-
mined in a straightforward one-to-one input-output manner, but the system ap-
pears to reason without any apparent control by the user. Moreover, ubiquitous 
computing paradigm and distributed processing add to unstructured, uncontrolled 
nature of interaction: the user interacts with many computers instead of one, and 
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the actual computing may be physically performed somewhere else than in the de-
vice next to us (Service-Oriented Architectures). Furthermore, new emerging tasks 
deal with activities which need socially aware behaviour: affective computing 
concerns companions, assistants, and virtual friends which do not only aim at effi-
cient task completion, but providing company, entertainment, and friendship. This 
kind of behaviour requires sensitivity to non-verbal signals and analysis of their 
function in controlling and coordinating human behaviour.  

This paper discusses these issues in the framework of rational communication, 
focussing especially on the interlocutors’ cooperation in constructing the shared 
context. We will first discuss dialogue activities that the interlocutors take part in, 
including the change in the role of the computer from a tool into a participant in 
the interaction. We then move on to the construction of the shared context by dia-
logue participants, and finally consider the concept of affordance in the design and 
development of interactive systems. The paper is mainly theoretical and follows 
thoughts and ideas drawn from the wide research dealing with rational interaction 
as well as from the common design guidelines for natural and intuitive interfaces. 

2 Dialogue activities 

The use of natural language as an interface mode often goes together with an as-
sumption that the computer should also be able to chat like humans. While this 
may be a fair requirement concerning virtual companions, it seems an unreason-
able and undesirable requirement for all interactive systems. Different types of 
communication strategies, styles of interaction, roles, and politeness codes apply 
to different human activities and similarly, also human-computer interactions are 
situated activities where different constraints operate. For instance, a robot com-
panion or a booking system engage their users in different activities with different 
goals and participant roles, and the requirements for what is natural, efficient, use-
ful, and helpful vary according to the activity types. Consequently, in the design 
and development of interactive systems it is important to classify the different ac-
tivities which involve automated interaction and to identify the purpose of activity 
as well as the roles and expectations that constrain the participants’ behaviour. 

Activity analysis for communication has been proposed by several authors, and 
the background of the ideas goes back to linguistic philosophy, psychology, and 
sociology, see [1] for an overview. The following four parameters can be used to 
characterize a social activity among human participants [1]: 
 Type: purpose, function, procedures 
 Roles: competence/obligations/rights 
 Instruments: machines/media 
 Other physical environment 

The first parameter refers to the reason for an activity, its motivation, or ration-
ale that helps to understand, and consequently define, means and procedures that 
can be used to pursue the activity. Procedures can also be used to define the activ-
ity: an idea of the purpose of an activity helps to define the specific type of activ-
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ity. Each activity is also associated with standard activity roles which refer to the 
tasks related to the purpose of the activity. Each role is performed by one person, 
and analyzed into competence requirements, obligations, and rights. Roles give 
rise to expectations of the participants’ actions and style of behaviour, and of a 
coherent and consistent topic. The instruments of the activity refer to tools, ma-
chines and other devices that are used to pursue the activity. Usually they create 
their own patterns of communication. Computers are typically regarded as instru-
ments, i.e. tools used to achieve the main activity goal (however, their role has 
changed, cf. the discussion below). The parameter “other physical environment” 
concerns environmental conditions which affect the interlocutors’ behaviour and 
manner of interaction. These include light, background noise, and furniture, which 
in ambient environments are also important constraints for the system operation. 

2.1 The computer as a tool and an agent 

As noted, the role of the computer in interactions seems to have changed from a 
tool to a more interactive and intelligent agent. The traditional HCI view has re-
garded the computer as a transparent tool: it supports human goals for clearly de-
fined tasks, takes the user’s cognitive limitations into account, and provides the 
user with explicit information about the task and the system's capabilities. The ap-
proach goes well with applications intended to support the users’ work and think-
ing rather than act as a partner in an interactive situation (e.g. web portals, assis-
tive tools for computer-aided design and computer supported collaborative work). 

In speech applications, the interaction often follows the HMIHY algorithm [7], 
smoothed through rigorous statistical analysis. The users are expected to behave 
according to certain assumptions of how the interaction should and could proceed. 
However, speech interfaces seem to bring in tacit assumptions of fluent human 
communication and consequently, expectations of the system’s communicative 
capability become high. For instance, [9] noticed that the same system gets differ-
ent evaluations depending on the users’ predisposition and prior knowledge of the 
system: if the users were told that the system had a graphical-tactile interface with 
a possibility to input spoken language commands, they evaluated the spoken lan-
guage communication significantly better than those users who thought they were 
interacting with a speech-based system which also had a multimodal facility.  

Developments in interaction technology have also led to reduction of human 
control over the system’s behaviour. Computers are connected in networks of in-
teracting processors, their internal structure and operations are less transparent due 
to distributed processing, and various machine-learning techniques make the soft-
ware design less deterministic and controllable. Context-aware computing investi-
gates systems that can observe their environment and learn preferences of individ-
ual users and user groups, adapting decisions accordingly. Mobile devices offer 
frameworks for group interaction and social context can include virtual friends be-
sides other humans. Future communications with the computer are thus envisaged 
to resemble human communication: they are conducted in natural language using 
multimodal interaction technology, understanding the effect of social context. The 
view of the computer as a passive tool under human control is disappearing. 
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2.2 Rationality 

The aim of the interaction research and technology is usually described as being 
related to the need to increase efficiency and naturalness of interactions between 
humans and computer agents, i.e. improving robustness of the system behaviour. 
According to the view advocated in the paper, the general principles related to ac-
tivity analysis, cooperative communication, and rational behaviour also function 
as the basic principles for successful communication in human-machine interac-
tions. Natural communicative behaviour using language-based symbolic commu-
nication provides the standards according to which communicators behave and as-
sess their success in interaction. The actual rationality of system actions may 
differ from those of the human users, but it is the user‘s perception of the system’s 
rationality that plays the crucial role in the interaction. In other words, the system 
is not regarded as a simple reactive machine or a tool, but capable of acting appro-
priately in situations which are not directly predictable from the previous action.  

In search for the definition of rational action, we look at the communication in 
general [1,3,5,8,13,15]. Rationality emerges in social activity as the agent's com-
pliance with the requirements of communicative principles; it captures the agent's 
communicative competence, and is effectively a sign of the agent's ability to plan, 
coordinate, and choose actions so that the behaviour looks competent and fulfils 
the goal which motivated the action. The observation that rationality is in fact per-
ceived rationality, leads us to a straightforward definition of incompetent behav-
iour: if the agent's interaction with the partner (or with the environment) does not 
converge to a conclusion, the agent's behaviour is described as incompetent, irra-
tional, lacking the basic characteristics of a motivated and competent agent.  

3 Construction of dialogues 

Several authors have described interactive situations as cooperative activity where 
the shared context is gradually built by the participants by exchanging information 
[5,12,15]. We call this kind of dialogue modelling constructive [8]. Although the 
interaction itself is complex, it is assumed that communicative actions can be for-
mulated using only a few underlying principles, and recursive application of these 
principles allows construction of the more complex communicative situations. The 
constructive approach to interaction management has the following properties:  
 The speakers are rational agents, engaged in cooperative activity 
 The speakers have partial knowledge of the situation, application, and world 
 The speakers are conduct a dialogue to order to achieve an underlying goal 
 The speakers construct shared context 
 The speakers exchange new information on a particular topic. 

The main challenge in the constructive dialogue modelling lies in the grounding 
of language: updating one's knowledge and constructing shared context accord-
ingly. The grounded elements are not automatically shared by other agents, let 
alone by the same agent in different situations, but the agents' repeated exposure 
to the same kind of communicative situations enables learning from interaction: 
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the shared context is the result of the agents' cooperation in similar situations, their 
alignment [5,12] with each other rather than something intrinsic to the agents or 
the environment as such. A related question is the agents' understanding of the re-
lation between language and the physical environment, the embodiment of linguis-
tic knowledge via action and interaction, discussed in experimental psychology 
and neuroscience. The relation between high-level communication and the proc-
essing of sensory information is not clear, although much interesting research is 
conducted concerning how senso-motor activity constitutes linguistic representa-
tions [2, 14]. This line of research will surely affect the design and development of 
interactive systems concerning how natural language interaction is enabled in am-
bient environments and with robotic companions. 

4 Affordance 

One of the main questions in the design and development of more natural interac-
tive systems is what it actually means to communicate in a natural manner. For in-
stance, speech is not “natural” if there are privacy issues involved or if the en-
ablements for speech communication are not fulfilled at all. Following the activity 
analysis (Section 2), if the participants understand the rationale behind the activ-
ity, it is easier for them also to comprehend the means and procedures that can be 
used to pursue the activity. Concerning interactive systems, the adjective “natural” 
should not only refer to the system’s ability to use natural language, but to support 
functionality that the user finds intuitive in that it fulfils the rationale behind the 
interaction. We say that the interactive systems should afford natural interaction. 

The concept of affordance was introduced by [6] in the visual perception field 
to denote the properties of the world that the actors can act upon, and brought to 
product design and HCI by [11]. Depending on whether we talk about the un-
countable number of actionable relationships between the actor and the world, or 
about action possibilities perceived by the user, we can distinguish real and per-
ceived affordances, respectively. In HCI, the (perceived) affordance is related to 
the properties of the object that suggest to the user the appropriate ways to use the 
artefact. The smart technology environment should thus afford natural interaction 
techniques, i.e. interfaces should lend themselves to a natural use without the users 
needing to reason how the interaction should take place to get the task completed. 

Interactive spoken conversations include a wide communicative repertoire of 
non-verbal signals concerning the speaker's emotions, attitudes, and intentions. 
Recent research has focussed on collecting large corpora of natural conversations, 
and examining how ordinary people communicate in verbal and non-verbal ways 
in their daily conversations. This allows building of experimental models for af-
fordable spoken interactions, which can then be integrated into the design of natu-
rally interacting applications and services [e.g. 4, 8]. Such intuitive communica-
tion strategies also encourage interdisciplinary research between human sciences 
and technological possibilities of how to design and construct affordable interac-
tive systems. 
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5 Conclusions 

This paper has discussed various issues related to rational and cooperative interac-
tion between humans and intelligent computer agents. The discussion has been 
mainly theoretical, with the aim to understand the development of human-
computer interactions and to explore the impact of the new digital technology on 
the society and human communication in general. Understanding of the communi-
cative activities that humans get involved in may help to understand the activities 
where the partner is an intelligent automatic agent. We tend to think of inanimate 
objects as tools that can be used to perform particular tasks. Computers, however, 
are not only tools but complex systems whose manipulation requires special skills, 
and interaction with them is not necessarily a step-wise procedure of commands, 
but resembles natural language communication. Thus it seems reasonable that the 
design and development of interactive systems takes into account communicative 
principles that concern rational activity and cooperation in human interaction.  
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