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ABSTRACT: User-adaptive systems are interactive software systems that spontaneously adapt to their individual users–
for example, to their interests or their work habits. First, we briefly characterize this type of system and consider its
relationship to the broader category of smart adaptive systems. We then give an overview of the computational techniques
that are used to realize user-adaptation, ranging from data-based machine learning techniques to theory-based decision-
theoretic models. Special attention is given to the question of possible synergies: What methods that have been developed
for user-adaptive systems might profitably be transferred to other smart adaptive systems? And what techniques from the
latter field deserve increased attention in connection with user-adaptivity?
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USER-ADAPTIVE SYSTEMS IN THE EUNITE TOPIC AREAS

One subclass of the class of smart adaptive systems is that of user-adaptive systems. A user-adaptive system can
be defined as an interactive system that adapts its behavior to individual users on the basis of processes of user model
acquisition and application that involve some form of learning, inference, or decision making (cf. [1]).

User-adaptive systems can be found in most of the areas covered by EUNITE.

Telecommunication and Multimedia

One type of user-adaptive system that is currently attracting great interest offers personalized presentation of infor-
mation (e.g., travel information, news, or product information) on mobile devices such as personal digital assistants and
cell phones. Because of the limited communication bandwith and screen size of such devices, there is a great deal to be
gained if the form and the content of the information presented is adapted to the interests and usage patterns of individual
users (see, e.g., [2], [3]). With the use of multimedia technologies on larger devices, it may be necessary or desirable
dynamically to adapt the choice of media to the individual user’s available devices or media preferences—and/or to adapt
the specific content to the user’s interests or knowledge (see, e.g., [4]).

Finance, Trade and Services

Where interaction with (potential) customers is involved, adaptation to individuals often goes under the name of
personalization. Product recommenders take users’ preferences into account while helping them to find suitable products
(see, e.g., [5]). One goal is to build up customer loyalty by convincing customers that they can interact more effectively
with a system that has built up a useful model of them.

Human, Medical, and Health Care

The tailoring of medical information to individual patients is an attractive idea because of the large differences that
exist among patients in terms of (a) their ability to understand various types of information and (b) their medical interests,
which are determined to a large extent by their own medical condition (see, e.g., [6], [7]). Medical training offers many
possibilities for adapting the form and content of instruction to individual learners’ state of knowledge and learning style
(see, e.g., [8]). For users with perceptual or physical disabilities, systems that recommend suitable adaptations to a user
interface have been developed (see, e.g., [9]).
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Transportation

Some user-adaptive systems help travelers to choose their destinations, often using methods similar to those used for
recommending products (see, e.g., [10]). Others help them to figure out how to get to their destination, taking into account
their transportation preferences (see, e.g., [11]). Tourist information systems may perform both of these functions, as
well as providing information on particular locations that the user is visiting. Systems that actually take over part or all
of the task of driving an automobile need to adapt not only to the preferences of their passengers but also to the perceived
intentions of other drivers on the road (see, e.g., [12]).

Production Industry

Provision of information to operators in industrial plants offers opportunities for fruitful adaptation, partly because of
the large amount of potentially relevant information that is typically available and the limited capacity of human operators
to process such formation. For example, a system may adapt the displayed information to (a) the expertise or role of
individual users and (b) the nature of the situation at hand (e.g., whether time is a critical factor; cf. [13]).

LEARNING, INFERENCE, AND DECISION MAKING IN USER-ADAPTIVE SYSTEMS

Given the great variety of functions that user-adaptive systems serve, it is no wonder that a similar variety of compu-
tational techniques are employed for the learning, inference, and decision making that are required for the adaptation. It
is useful to distinguish three broad categories of techniques.

Data-Based Inference Methods

With data-based methods, the main source of information is data about system usage acquired during interactions
with users. Many systems make use of data only about the current user (e.g., which screens this user has visited so
far), using one or more machine learning techniques to learn a model of that user. The learning techniques that have
been employed include decision trees, probabilistic classifiers, neural networks, case-based reasoning, and specialized
text-classification methods (cf., [14]). Less frequently, data from a larger number of users are employed, and the model
learned is intended to be applicable to users in general or at least to an entire user group (see, e.g., [15]). A particularly
popular type of method is collaborative filtering (see, e.g., [16]), which uses data about both the current user and similar
other users to make predictions about the current user.

Theory-Based Inference Methods

With theory-based methods, the designer specifies some sort of a priori model of users, which may then be adapted
to an individual user. Bayesian networks allow the designer to formulate a model in terms of variables and the (often
causal) relationships among them ([17]). Theory-based models have also sometimes been formalized with the Dempster-
Shafer theory of evidence or with Fuzzy Logic, though these formalisms have been used less frequently in this area in
recent years ([17]). An approach that can be realized with various formalisms is to define a number of stereotypes or user
groups, specifying certain typical properties or system actions that are to be associated with each one (see, e.g., [18]).

Decision Making Methods

Adaptation to the individual user involves not only making inferences about the user but also deciding what adapta-
tions are appropriate, given the results of these inferences. Often the adaptation principles are hand-coded by the system
designer; but especially where tradeoffs and uncertainty are involved, it may be desirable to use systematic decision-
theoretic techniques such as influence diagrams or decision-theoretic planning ([19]).

IDEAS FOR DESIGNERS OF OTHER SMART ADAPTIVE SYSTEMS

Some of the recent research on user-adaptive systems has made contributions to questions that have relevance for
other types of smart adaptive system:

Enhancing Transparency

Various ways have been introduced of (a) making the workings of a user-adaptive system clearer to users and/or (b)
explaining why the system arrived at particular adaptations (see, e.g., [20]).



Enhancing Controllability

Since spontaneous system adaptation can make the user feel out of control, various approaches have been proposed
of allowing the user to control both general aspects of the system and specific aspects of its behavior (see, e.g., [21]).

LESSONS FROM RESEARCH ON OTHER SMART ADAPTIVE SYSTEMS

Use of Particular Computational Techniques

Computational techniques such as neural networks, genetic algorithms, and fuzzy logic are used more frequently
with other types of smart adaptive system than with user-adaptive systems. One issue for discussion is whether there
are good reasons for this difference or whether some potential advantages of these formalisms are being overlooked by
designers of user-adaptive systems.

Adaptation of General Initial Models

One approach that is often employed with smart adaptive systems is to (a) build a system with a default initial model
of some sort and (b) provide for that model to adapt in the course of system use. This approach has been used less
frequently with user-adaptive systems than one might have expected (cf. [22]). It seems worthwhile to examine the
approaches applied with other smart adaptive systems to see whether they can be adapted for application to user-adaptive
systems.
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