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Problemsand Pitfallsin
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AdaptiveSystems

Stephan Weibelzahl, Fraunhofer IESE, Germany

Abstract

Empirical studies with adaptive systems offer many advantages and opportunities.
Nevertheless, there is still a lack of evaluation studies. This chapter lists several
problems and pitfalls that arise when evaluating an adaptive system, and provides
guidelinesand recommendationsfor wor karoundsor even avoidance of these problems.
Among other thingsthe following issues are covered: relating evaluation studiesto the
development cycle; saving resources; specifying control conditions, sample, and
criteria; asking users for adaptivity effects; reporting results. An overview of existing
evaluation frameworks shows which of these problems have been addressed and in
which way.

Evaluation of Adaptive Systems

The demand for empirical evaluations of adaptive systems is getting stronger and
stronger. Bothresearchersand practitionersfrequently claimthat moreempirical studies
arerequired. It seemsobviousthat empirical researchisof highimportancefor thefield,
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bothfrom ascientificaswell asfromapractical point of view, becauseit opensup various
advantages and opportunities (Weibelzahl, Lippitsch, & Weber, 2002). For example,
empirical evaluationshelpto estimatethe effectiveness, theefficiency, and theusability
of a system.

Adaptive systems adapt their behaviour to the user and/or the user’s context. The
construction of auser model usually requires claiming many assumptions about users’
skills, knowledge, needs, or preferences, aswell asabout their behaviour and interaction
with the system. Empirical evaluation offersaunique way of testing these assumptions
inthereal world or under more controlled conditions. Moreover, empirical evaluations
may uncover certaintypesof errorsinthe systemthat would remain otherwise undiscov-
ered. For instance, a system might adapt perfectly to a certain combination of user
characteristics, but is nevertheless useless if this specific combination simply does not
occur inthetarget user group. Thus, empirical tests and evaluations have the ability to
improve the software development process, as well as the final system, considerably.
However, they should be seen as a complement rather than a substitute to existing
software engineering methods such as verification, validation, formal correctness,
testing, and inspection.

In spite of these reasons in favour of an empirical approach, publications on user
modelling systemsand adaptive hypermediararely contain empirical studies: only about
one-quarter of the articles published in User Modeling and User Adapted Interaction
(UMUAI) report significant evaluations (Chin, 2001). Researchershave been lamenting
on this lack frequently (Eklund & Brusilovsky, 1998; Masthoff, 2002), and similar
situations have been identified in other scientific areas, too, for instance in software
engineering (Kitchenhamet al., 2002) or medicine (Y ancey, 1996). Oneimportant reason
for thelack of empirical studies might be thefact that empirical methods are not part of
most computer science curricula, and thus, many researchers have no experience with
the typical procedures and methodsthat are required to conduct an experimental study.
Moreover, the evaluation of adaptive systems includes some inherent problems and
pitfalls that can easily corrupt the quality of the results and make further conclusions
impossible.

Given these observations, the objective of thischapter isto providelessonslearned and
concrete guidelinesto researcherswho planto evaluatetheir own system. Itissupposed
tohelp scientiststhat havelittle experiencewith empirical research to set up studiesthat
fulfil certainquality standardsand that do not repeat the errorsthat have been committed
in the studies of the early days of adaptive systems. However, it does not address
empirical and experimental issuesin general (e.g., proper randomisation, statistical test
theory, etc.) andisthusneither atutorial on statistical methodsnor areplacement for in-
depth knowledgein empirical methods. It rather illuminatesproblemsthat are specificfor
theeval uation of adaptive systemsand offersappropriate recommendationsor sol utions
as far as possible. Having said that, the reader should be aware of the fact that such a
list of guidelinesmust be provisional. Recommendationswill inevitably beinappropriate
for certain domain-specific problems and approaches. This collection should thus be
used as a starting point to consider possible shortcomings of planned study design and
data analyses in advance.

The guidelines are supposed to apply for all kinds of user-adaptive systems, that is, all
interactive systems which adapt their behaviour to each individual user on the basis of
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