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Abstract 
State-of-the-art dialogue technology has reached a level that allows its use in commercial 
applications, enabling users to have short conversations with the system to search for information. 
However, the unique requirements that arise from the combination of system knowledge 
representation, interaction management, and interface design have to be addressed as part of the 
system development process. Especially, challenges that concern adaptation, multimodality, 
cooperation and social interaction of intelligent agents with human users need to be examined 
further. In this paper I will discuss these challenges, and consider the prospects for future dialogue 
systems that will offer natural, intuitive and rich conversational possibilities. 
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1. Introduction 
Computers have become such an essential part of our daily environment that it is 
difficult to avoid dealing with them in one way or another: we readily use cash 
machines, library catalogues, electronic banking facilities, information providing 
systems, assisting translation systems, emails, web browsers, etc. Speech interface has 
also provided a new range of applications for people and situations where typing or 
mousing is cumbersome or not possible at all: car navigation, telephone services, home 
appliances, as well as computer services for people with special needs. Other interaction 
techniques have also been developed so as to allow interaction by pointing and touching 
and boosting possibilities for enhanced multimodal interaction. Consequently, the 
notions of adaptivity, agenthood, and cooperation have surfaced as important issues to 
be addressed to when building interactive systems that take various users into account. 
Given the more complex environment in which we have to interact with various 
automatic services, it has become obvious that adaptation and rich interaction 
capabilities are not required only from human users but from the systems as well. 

As I have already argued (Jokinen 2000), some of the main issues in the attempts 
to build intelligent dialogue systems concern knowledge acquisition and social 
cooperative interaction: the system should be able to learn through interaction and build 
internal knowledge of how to reach one’s goals. In this paper I will discuss challenges 
for building spoken dialogue systems which use natural language and aim at flexible 
interaction capabilities, adaptation and knowledge management. I use the term ‘dialogue 
system’ to refer to an interactive system that maintains special models for representing 



information and uses the representations to process information at different abstract 
levels of meaningful knowledge. On the other hand, speech interfaces are a part of a 
software component that allows the user to issue commands to the system by using 
speech, and also allows the system to give its responses in speech, but it does not 
produce abstract concepts in order to support meaning analysis of the user utterances. 

The starting point for my discussion is the change in the metaphor used to 
describe the user’s interaction with the system. While the computer has been regarded 
as a tool, the complexity of the applications and tasks that dialogue systems are 
employed for has contributed to the emergence of a new view of the computer as an 
agent which is capable of mediating between the user and the complex application (see 
discussion e.g. in Jokinen, Raike 2003). This view brings with it various challenges 
which I will be discussing in Section 2. 

The view of the computer as an agent also calls attention to the system’s 
adaptation capabilities. Adaptation has been especially considered in hypermedia 
research where the user can navigate and search for information. For instance, 
Brusilovsky and Maybury (2002) describe three major adaptation technologies in these 
applications: (1) adaptive content selection, (2) adaptive navigation support, and 
(3) adaptive presentation. In spoken dialogue systems, adaptation has mainly concerned 
dialogue strategies that allow flexible interaction with the user (Litman, Pan 1999; Chu-
Carrol, Nickerson 2000). From early on, research has focused on the user’s beliefs and 
knowledge so as to help the system to provide information that would be appropriate to 
the user’s level of expertise (Chin 1989). In Section 3, I will discuss various issues 
related to adaptation and its desirability. 

Finally, communication does not only include verbal but non-verbal aspects as 
well. Besides speech, the systems should also pay attention to gestures and expressions, 
i.e. dialogue systems should support multimodal interaction. In Section 4, challenges 
related to multimodal interaction will be discussed. 

2. Dialogue management, learning and knowledge sources 
The computer-as-an-agent-metaphor presupposes that the system can maintain 
conversation and produce intelligent and relevant responses. The system thus needs to 
understand spoken language, not only simple speech commands but utterances which 
can be long, fragmental, and contain hesitations, false starts, repetitions and other 
deviations from the written standards. Moreover, the system must convince the user that 
the system responses are reliable in their content and communicatively adequate, i.e. the 
system is a trustworthy partner which provides true information. Attention should thus 
be paid to suitable presentation techniques: system responses should be clear and simple 
and also show understanding of different knowledge and skill levels of the users. 

All these issues pose considerable challenges for dialogue management. The 
current technology allows us to build dialogue systems which interact with the users 
fairly robustly albeit in a fixed way, and different dialogue management techniques can 
be distinguished (Jokinen 2003; cf. also McTear 2004). The simplest one is scripted 
dialogue management which defines appropriate actions at each dialogue point with the 
help of predefined scripts. However, the technique does not distinguish dialogue 
structure from domain knowledge, and thus each dialogue state and each possible 
ordering of the dialogue acts must be explicitly defined in the script. Although fairly 
sophisticated dialogues can be produced, the approach becomes untenable, if more 
complex dialogues are to be modelled than basic question-answering on limited 



domains. A more flexible approach is possible by using forms or frames which define 
information needed to complete the underlying task. The form-based dialogue 
management is suitable for tasks where actions can be executed in various orders and 
the dialogue be driven by the information needed. The form also provides a dialogue 
context in which the actions can be interpreted and planned so as to allow more varied 
utterances. Finally, conversational dialogue management aims at improving computer 
interaction by taking into account human conversational capabilities and by building 
models for their computational treatment. Previous research has focused especially on 
AI-based modelling of the speaker’s intentions, topic tracking, response planning, 
cooperation, errors and misunderstandings. This approach also calls for advancement in 
computational techniques, and various machine-learning techniques have been applied 
to conversational phenomena. 

Besides the model that comprises communicative principles and rules for taking 
turns with the user, a dialogue system also includes models for the system’s knowledge 
of the world and the application. The world model is usually built according to what is 
important for the application, and the system’s reasoning is tailored to simple inferences 
in the application domain. This of course limits the system’s portability to other 
domains as well as adaptation to different user preferences and knowledge levels. There 
is thus a need for extending the system’s knowledge so that domain ontology and 
information from real-size databases could be maximally exploited in the interaction 
management. To do this, it is necessary to equip the system with a wider knowledge 
about the world, with effective means to learn more, and to reason about the 
information. 

A better understanding of how coordination and cooperation work in 
conversations is also necessary. The principles of Ideal Cooperation (see e.g. Allwood 
1976; Allwood et al. 2000) describe how rationality, the agents’ coordinated actions and 
mutual trust underlie successful communication. The knowledge comprises factual 
information about the activity and tasks, roles and attitudinal information about the 
partners as well as rules for reasoning and ethical consideration that guide the agent’s 
decision making. It also presupposes that the communicative competence is embodied 
in a partner that the agent is interacting with. Transferred into human-computer 
interaction, this paves way to the research area that deals with animated virtual agents. 
Although it is highly controversial whether a natural partner can be realised through an 
animated interaction agent on the screen, the funny little creatures seem real enough to 
give an interactive system a more natural flavour than interfaces which simply use a 
screen, mouse and keyboard. 

It should be emphasised that the mere use of spoken language implies human-
like conversational capabilities and strengthens the computer-as-an-agent metaphor. 
However, we need to be careful when assigning qualities like “naturalness” to various 
means and modes through which interaction takes place. For instance, keyboard and 
mouse are the most natural means to interact with computers, whereas speech/signs are 
the most natural media for humans communicate with each other. Theoretical 
considerations of interaction are necessary in order to train models and construct 
systems that exhibit sophisticated conversational capabilities, but also experiments with 
the existing systems are needed. The users acquainted with certain existing ways of 
interaction become “biased” as to what is natural, and it is not conspicuous what kind of 
interaction techniques will be developed further into more natural ones and how popular 
will their reception be. In fact, it is not impossible that the “unnatural” ways of today’s 
interaction will be natural tomorrow. 



From the view-point of learning interaction strategies, the useful patterns are 
learnt via experience. Communicative and strategic knowledge does not only result 
from the agent’s engagement in situations where knowledge simply accumulates 
through positive feedback. Rather, the lack of success of one’s communicative action 
also provides feedback of how to modify one’s behaviour and strategic knowledge to 
manage other similar situations. Negative situations range from slight 
misunderstandings to total failure of cooperation, and their impact is of course relative 
to the importance of smooth communication in the given situation and may also depend 
on the cultural context (e.g. whether clarification questions are encouraged and whether 
the partners share the same principles for polite and accurate communication). Learning 
by giving positive and negative feedback can be modelled by reinforcement learning 
(Barto, Sutton 1993), which has been applied to dialogue management to learn initiative 
strategies (Litman et al. 2000; Walker 2000; Scheffler, Young 2002), and also explored 
in building adaptive speech interfaces and user models (Jokinen et al. 2002b). 

3. Adaptation 
The problem in adaptive interfaces seems to be the notion of adaptivity itself: adaptation 
involves learning, learning involves interaction, and interaction changes the knowledge 
through which adaptation takes place. The first question in adaptation is thus when to 
adapt and what to adapt to. Since the complex nature and limited models of adaptation, 
the design and implementation of adaptive interfaces in HCI has mainly focussed on 
clear and transparent interaction where the users, possessing the full capability of 
human adaptation, can easily adapt themselves to the system and the usage situation. As 
the users learn how to operate a particular system, they become accustomed to the 
interface and may find any changes in the interface distracting. The task that the system 
is meant to assist with is often simple in that it does not require interactive capabilities 
on the system side – the user is in full control of how to proceed with the task and the 
computer functions as an assisting tool. 

However, a common problem in interactive systems is that the system's 
knowledge of the user and the task is restricted: this undervalues the user's versatile 
competence which varies depending on the task at hand. The notion of adaptivity thus 
becomes important when discussing interactive systems that take various users into 
account. In practical systems, especially when considering spoken dialogue interfaces to 
large databases (e.g. Internet or various business, administrative, library, and 
educational catalogues) that are used by users with varied knowledge and different 
cultural background, it is important to take into account requirements for complex 
interaction: the users’ knowledge and intentions, variation in viewpoints and interests, 
the whole context in which the interaction takes place. In these cases it would be 
beneficial if the system also tries to adapt to the user. The simplest way to realise the 
system’s adaptivity is to allow the users to make static choices: select colours, sounds, 
interests, and other preferences, and store these characteristics in personal profiles. On-
line adaptation can be realised in the system’s ability to classify users into various 
categories, e.g. according to their navigation choices, so as to provide adapted answers 
to the user queries. Adaptation can also be extended to user actions in communicative 
dialogue situations: by allowing the system to monitor the user’s behaviour, it is 
possible to model the user’s changed knowledge and expertise and to provide responses 
and reactions tailored in accordance with the observations (Jokinen, Kanto 2004). Thus 



adaptation would involve learning via interaction and selecting view-points on the basis 
of recent dialogue events. 

It must be noticed that adaptation can also take place with respect to different 
applications, devices, and the environment, without explicit verbal communication or 
mechanical control to request the chage of state. The ambient and ”aware-of” 
technology provides us with intelligent detectors which can be used to control lights, 
water, temperature, etc. as well as to send small messages confirming their location, 
movement, and state. The devices can be extended to act as an extra memory for the 
users in their daily activities, and it is also possible to build systems that attempt to 
detect the user’s mood and adapt to the user’s emotional state e.g. by switching on 
relaxing music if the user is angry. On the hardware level, the system might also be able 
adapt itself to different software programmes and change itself to be a radio, a phone 
and a computer as necessary for the user. 

When considering the system’s adaptation to the user, we must pay attention to 
several parameters that center around the user. First of all, the users have different 
habits and preferences and the system may need to find intelligent ways to classify these 
as well as determine appropriate adaptation strategies. In fact, this is one of the most 
studied areas in adaptation: various recommendation systems and e-commerce 
applications exploit the induced knowledge of the users’ preferences, and in 
collaborative filtering method, the user’s preferences are compared to the preferences of 
a group of users with similar background, thus enabling mixing of preferences and 
likings among the group members who have similar background. 

Another much studied areas in user-centred parameters is the user’s attitudes and 
intentions, concerning appropriate communicative strategies and dialogue management 
habits that they exploit. The user’s may be active and initiative taking or passive and 
wait for topics to appear. If the system can adapt its dialogue strategies according to the 
user’s preferred style, it can be expected that the user would find it easier to follow 
recommendations and suggestions that the system provides. Another aspect related to 
user attitudes is the user’s temperament and style: the users vary in their frustration 
levels, and the system may learn to tune its responses to the user’s mood. 

In building adaptive system, some technical and architectural parameters are also 
important. The accuracy of speech and gesture recognizers is crucial in getting the input 
data correct, the fusion component where the input streams are combined needs to 
provide reliable information, and the interpretation and decision making should produce 
results which are efficient and minimize the processing effort, even in cases where 
ambiguous situations or conflicts arise. Inaccuracies and errors in the output of the 
separate system components will only cumulate as the interpretation goes higher up in 
the abstraction level. 

Support for adaptivity must also come from the system architectures which 
should exhibit flexible plug-and-play platform for experimenting with various adaptive 
constraints and features. Agent-based architectures, e.g. GALAXY-II (Seneff et al. 
1999), CMU Communicator (Rudnicky et al. 1999), TRAINS (Baylock et al. 2002) 
introduce asynchronicity in the functioning of the system components, thus providing 
flexibility and freedom from the tight pipeline processing. Notice that “agent” refers to 
an autonomous software agent, a piece of software that realises a subtask of the 
application that the system has been built for, and is “intelligent” in the sense of being 
able to judge and also make decisions of what kind of information is needed for the task 
completion. In the projects Interact (Jokinen et al. 2002a) and DUMAS (Jokinen, 
Gambäck 2004) we have used the Jaspis architecture (Turunen, Hakulinen 2002). 



Further requirements for adaptive dialogue system come from the functionality 
of the system and the design of system output. As has been already mentioned, the 
traditional HCI design principles emphasize clarity and unambiguous phrasing in the 
system responses. Our experiments confirm the requirement for clarity and consistency 
(Jokinen, Kanto 2004): even for a competent user it may be confusing if the system 
responses sound illogical or inconsistent. Besides consistency, the system output should 
pay attention to the information that is being exchanged. Often it is not only the amount 
of information that is important but also the kind of information provided. For instance, 
in the studies by Paris (1988), it was noticed that novice users benefited of descriptions 
of the machines while experienced users wanted to know about the functionality of the 
machines. Giving information on any topic thus requires decision about how much 
details and helpful extra information will be given to the partner as well as how this is 
going to be presented (cf. Jokinen, Wilcock 2003). Summarization and conclusions may 
be suitable in contexts where the user can look for more information if she is interested 
in doing so, while the level of abstraction may be crucial if the user is not familiar with 
particular terms and thus requires further explanation. 

Finally, adaptation leads to usability issues where the main question is the 
desirability of adaptation. While adaptation is an intriguing and interesting research 
topic from the point of view of dialogue modelling and human communication, there 
has been a long debate in the system design and HCI communities about the benefits of 
adaptation: does it increase the system’s usability? We must distinguish the two notions 
of usability and usefulness: the former refers to the system’s properties that make it easy 
to use, while the latter refers to system’s usefulness with respect to resolving a 
particular task and whether the system’s existence is necessary or helpful to the user 
tackling with the task. The common standpoint emphasizes the computer’s role as a tool 
for which a most appropriate, suitable, flexible interface is the main goal. The user 
should thus be in control of adaptation and decide when the system should adapt or 
whether it should adapt at all. The computer-as-agent view-point supports adaptation 
and bases its arguments on the fact that applications become so huge that it is 
impossible for a user to master the whole complex system and so a helpful adaptation 
on the system side would be necessary. 

Tangled with the desirability issue is the question of how adaptation should take 
place. Even if adaptation is considered desirable, even necessary, it may still be 
preferable for the user to be in charge of adaptation instead of having automatic 
adaptation. In the ideal case, of course, automatic adaptation would support intuitive 
interfaces which adapt to the various users providing natural interaction without the user 
even noticing that something special has taken place in the system’s behaviour. After 
all, this is what happens in human-human communication: adaptation to the partner is so 
automatic that we do not necessarily notice that it has happened. However, this can also 
be seen as a seed for mistrust. In a similar way as humans can be unreliable and lie, an 
adaptive dialogue system could also lie. Unless the user is omniscient, it is difficult to 
know for sure if the information given by the system is truthful and undistorted. On the 
other hand, as in human-human communication, also in communication with the 
computer agents, the partners base their interaction on mutual trust. In accordance with 
the principles of Ideal Cooperation, the rational agents usually provide truthful 
information since this is the best strategy that pays off for the agent in long term. Thus, 
when designing intelligent dialogue systems which aim at agent-like conversational 
capabilities, we must also make sure that the rationality principles that allow humans to 
act according to Ideal Cooperation, also hold for the computer interface agents. Another 



question is then how this kind of trust is created and maintained in communication, 
especially when the partner is an artificial computer agent, but the discussion on these 
issues goes beyond the scope of this paper. 

4. Multimodal Interaction 
In recent years, multimodal interactive systems have become more feasible from the 
technology point of view, and they also seem to provide a reasonable and user-friendly 
alternative for various interactive applications that require natural human-computer 
interaction. Although speech is by far the most natural mode of interaction for human 
users, there is also a lot of factual information (feedback dealing with understanding, 
acceptance, surprise, etc.) and tacit information (attitudes, mental states, emotions, 
preferences, background, identity group, etc.) that are conveyed by non-verbal cues 
such as facial expressions, gestures, and posture. Furthermore, in many cases, like 
giving instructions of how to get to a particular place, natural way of interaction is to 
combine verbal communication with gestures and pointing. Also sign language requires 
visual mode and gesture recognition, and e.g. Jokinen and Raike (2003) point out that 
multimodal interfaces have obvious benefits for users who cannot use the common 
speech or keyboard communication modes. Interesting new avenues for multimodal 
interaction and technological means to implement multimodality were presented in the 
PhD-course and seminar organized by the Nordic Multimodal Interaction  network 
MUMIN, reported in Jokinen et al. (2003). 

In human-computer interaction multimodality refers to the use of different 
input/output channels through which data is received and transformed to higher-level 
representations so that manipulation of the environment can take place (Maybury, 
Wahlster 1998). One of the first multimodal systems was Put-That-There -system (Bolt 
1980) which allowed the users to interact with the world through the projection on the 
wall by using speech and pointing gestures. In the CUBRICON (Shapiro 1988), one 
could use speech, keyboard, mouse on text, maps, and tables, and the system aim at 
flexible use of modalities in a highly integrated manner. Many present-day multimodal 
systems concentrate on speech and graphics or tactile input information. For instance 
Oviatt et al. (2000) studied the speech and pen system Quickset, and within a 
cooperation project supported by the Finnish national technology agency TEKES, 
speech and graphical point-and-click interface are integrated into a PDA-based 
multimodal route-navigation system. In another paper in this same volume (Hurtig, 
Jokinen 2005), we discuss the MUMS-system and natural interaction in its design. The 
SmartKom project (Wahlster et al. 2001) was a technological project which focused on 
building a large multimodal system that would allow the user to interact with the system 
in various home and sightseeing situations through an intelligent interface agent. 

Multimodal interactive systems are mainly experimental prototypes which 
require elaboration and sophistication in order to reach the state of robust technology. 
Jokinen and Raike (2003) discuss various advantages and disadvantages of multimodal 
interfaces, and conclude that the main benefit seems to be the freedom of choice: e.g. it 
is easier to point to an object than talk about it, and the users may also have personal 
preferences and special needs of one modality over another. On the other hand, multi-
modal interfaces require coordination and combination of modalities which still needs 
consolidation as robust technology, and from the point of view of usability, there is a 
danger that the users are exposed to cognitive overload by the stimulation of too many 
media. 



The assumption behind natural interaction is that the users need not spend much 
time in training themselves on how to use digital devices and a particular application; 
instead, they could exploit the strategies learnt in normal human-human communication 
and thus interaction with the system would be as fluent, easy and enjoyable as possible. 
Extending dialogue management to multimodal dialogue management thus requires 
understanding of how multimodal conversation takes place among humans. It must be 
noticed that even though multimodal capability improves system performance, the 
enhancement seems to apply only on spatial domains, and it remains to be seen what 
kind of multimodal systems would assist in other, more quantitative domains like giving 
feedback. Multimodality is an area of growing interest, and more research and 
experimentation based on a general theory of communication is needed to show how 
robust interfaces can be built. A natural language interface can thus provide a user-
friendly way to communicate with the computer, and combined with other modalities 
like graphics and speech, a natural language interface is a powerful tool in human-
computer communication. 

5. Conclusions 
In a few years’ time we need to interact with a more complex environment which will 
not consist of only people with varied knowledge, mixed cultural background, and 
several languages, but also of computers which are embedded in our daily environment, 
which can sense our presence and act in a meaningful way. The main challenge in the 
21st century Communication Technology Society is thus to integrate engineering with 
language technology research, and to equip electronic devices with natural interaction 
capabilities. In this paper I discussed some challenges for building dialogue systems that 
would exhibit intelligent and natural interaction capabilities. While technological 
development allows us to construct more sophisticated systems, there is simultaneously 
a need for more intelligent software which takes into account requirements for complex 
interaction: the users’ knowledge and intentions, variation in their viewpoints and 
interests, the context in which interaction takes place. 
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