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Abstract. One of the critical issues in the development of adaptable and adaptive user
interfaces concerns the lack of appropriate evaluation methods and techniques. Existing
approaches cannot be used to assess the way and extent to which the adaptation facilities of
the interface affect interaction qualities such as accessibility and usability. This paper reports
on the particular approach taken within the development of the AVANTI Web browser for
the assessment of the adaptation characteristics of the user interface. Based on the practical
experience gained, a number of requirements have emerged towards the development of
generic methods and techniques for evaluating adaptation-capable user interfaces.

1. Introduction and Background

The AVANTI project’, which was concluded in August 1998, aimed to address the interaction
requirements of individuals with diverse abilities, skills, requirements and preferences (including
disabled and elderly people), using Web-based multimedia applications and services. Detailed
descriptions of the AVANTI system and its main components can be found in [Fink, Kobsa &
Nill, 1997; Stephanidis et. al., 1998; Fink, Kobsa & Nill, 1999].

The AVANTI Web browser acts as the front end to the AVANTI system, and aims to satisfy
diverse end user abilities, requirements and preferences, as well as different usage contexts. The
design and development of the AVANTI Web browser followed the Unified User Interface
Development approach [Stephanidis, Savidis & Akoumianakis, 1997], which led to the
construction of a unified browser interface, capable of adapting itself to suit the requirements of
different user categories: able-bodied, people with light or severe motor disabilities, and blind
people [Stephanidis et al., 1998].

Unified User Interfaces employ adaptation techniques to automatically tailor themselves to
different sets of user and usage context characteristics [Stephanidis, Savidis & Akoumianakis,
1997]. Specifically, the design phase involves the construction of a polymorphic task hierarchy,
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within which different tasks may have alternative instantiations in the user interface (called
instantiation styles, or simply styles). The task decomposition thus proceeds in a polymorphic
fashion, defining alternative styles and task hierarchies, according to requirements and
preferences of different user categories. In other words, different styles define alternative ways in
which a specific task can be realised.

Following Unified User Interface Design, the resulting single design artefact may have multiple
instantiations during initiation of interaction (adaptability), in order to ensure accessibility for a
wide range of users. Moreover, each interface instance is continuously enhanced at run-time
(adaptivity), in order to provide high-quality of interaction to all potential users. In AVANTI,
both adaptability and adaptivity were supported through a rule-based framework, which
necessitated the transformation of the design rationale as this was captured in the polymorphic
task hierarchy, into corresponding adaptation rules [Stephanidis et al., 1998]. A detailed
description of the Unified User Interface Design method in general, and polymorphic task
hierarchies in particular, can be found in [Savidis et al., 1997].

One of the key problems in the development of self-adapting user interfaces today is the
inadequacy of available evaluation methods and techniques to be used for the evaluation of
adaptable and adaptive interfaces. Specifically, existing evaluation methods are appropriate for
assessing “static” user interfaces, but not the way and extent to which the dynamic adaptation
facilities of the interface affect interaction qualities, such as accessibility, usability, acceptability,
etc. Although there have been several attempts in the past to construct both objective and
subjective expert- and user-based evaluation methods in the are of interface adaptation (e.g.,
[Totterdell & Boyle, 1990; Griniger & van Treeck, 1993; Hook, 1997]), the lack of
understanding of the dynamic dimensions of adaptive user interfaces (as well as of the
differences introduced by alternative approaches to achieving and “driving” adaptive behaviour),
compromises the applicability of solutions that have been suggested to date. The main deficiency
of most of the aforementioned approaches is that they fail to identify the adaptation-oriented
characteristics of the user interface which have detrimental, or, adversely, beneficial effects on
interaction.

Due to these shortcomings, the approach taken in the evaluation of the adaptable and adaptive
user interface of the AVANTI Web browser has been the introduction of a two-fold assessment
process, which involved:

(a) Iterative, expert-based assessment cycles in the design of appropriate interaction styles, the
definition of adaptation rules, and the development of the decision mechanism for
materialising the required adaptation behaviour; expert-based assessment has been intended
to compensate for the lack of appropriate evaluation techniques for adaptation-capable user
interfaces and the lack of empirical evidence upon which to base the design of adaptations.

(b) End-user based evaluation activities (using questionnaires, observations and interviews),
intended to assess the overall usability and accessibility of the user interface.

2. Expert evaluation

Expert evaluation activities within the development of the AVANTI Web browser aimed to
employ accumulated knowledge and experience in the areas of user interface design, usability,
and assistive technology, for: (a) the design of alternative interaction styles that cater for the



different user and usage-context requirements, as well as (b) the design of appropriate adaptation
behaviour to be built in the resulting interface.

2.1 Evaluating the design of interaction styles

Early evaluation activities were intended to assess the appropriateness of the designed interaction
styles for the specific interaction context and the particular user characteristics for which they
were intended. Particular emphasis was placed in the evaluation of the accessibility features
provided by the designed interaction patterns to the target disabled user categories (i.e., blind and
motor-impaired).

The experts reviewed each interaction style separately, based on established accessibility and
usability guidelines and heuristics (e.g., [Vanderheiden & Kaine-Krolak, 1995; ISO, 1997;
Microsoft, 1997; Story, 1998]), and were asked to identify potential accessibility, usability, or
other problems of each style, as well as to propose possible improvements in the design, based on
their experience. The outcome of these inspection activities was collected and analysed, and the
results were fed back into the design process, where they have led to three types of intervention
to designed interaction styles: (a) re-design of styles, based on identified problems, or on
contributed ideas towards their enhancement; (b) elimination of redundant (due to the similarity
in the characteristics of the end-users or the usage contexts they were intended to cater for)
interaction styles; (c) introduction of new interaction styles, to cover user characteristics and
contexts of use that were not addressed adequately by existing styles.

2.2 Validating the adaptation rules

The development of the adaptation rules took place in two steps. Firstly, the rules were defined
by a group of experts, through several iterations following each task-decomposition phase, as
well as each stage in the definition / selection of alternative interaction styles. Secondly, a process
was defined, to assess the design of adaptations by validating the resulting adaptation rules. A
detailed description of the adaptations rules is available in [Stephanidis et al., 1997], while a
summarising account can be found in [Stephanidis et al., 1998].

The validation of the adaptation rules has itself taken place in three consecutive phases:
evaluation of the rules by experts; verification of the adaptation mechanism on a per-rule basis;
and, verification of the adaptation mechanism across sets of rules. The results of the experts’
assessment phase have led to four types of intervention to adaptation rules: (a) elimination of
rules that were deemed inappropriate, or not sufficiently supported; (b) introduction of new rules
(based on the recommendations of the experts); (c¢) modification of the rules’ triggering
conditions (e.g., adding, or removing a particular user characteristic from the description of the
triggering situation); (d) modification in the rules’ decisions (e.g., addressing a particular
situation only through guidance, instead of through guidance and extensive interim feedback).

The validation of adaptation rules was followed by the verification of the adaptation mechanism
on a per-rule basis, and verification of the system’s adaptation behaviour across sets of rules. The
mechanism used for valuating rules and carrying out the respective adaptation decisions was
tested for consistent behaviour, by: (i) testing that the triggering conditions for each individual
rule led to the desired (adaptation) behaviour on the part of the user interface; (ii) testing sets of
rules in combination, to assess the degree to which they affect each other from a functional, as
well as from the user’s point of view. The former procedure (i.e., testing rules individually) was



performed by examining the defined rules one-by-one and verifying system behaviour, when the
activation parameters were set, or changed. A “wizard of 0z” technique was used to simulate the
functionality of the User Modelling Server’. The later procedure (i.e., testing combinations of
rules), was performed through the development of representative scenaria, where multiple
activation parameters were set or changed simultaneously.

The verification procedure resulted in the identification of conflicts in the activation of specific
styles and inappropriate activation of certain rules in specific tasks. The main problem arose from
the redundant activation of styles under certain conditions. The outcomes of the validation
procedure initiated specific modifications in the pre-defined rules, as well as the adaptation
mechanism itself.

3. User-based evaluation

Formal usability evaluation studies of the AVANTI Web browser have been carried out in the
context of the experimental and field evaluations of the AVANTI system in the three user trial
sites in Kuusamo, Siena and Rome [Andreadis et. al., 1998]. These experiments evaluated the
overall usability of the AVANTI information systems following a common evaluation
framework. The trials were performed on distributed heterogeneous network environments
supporting different access points, including: public information kiosks, home computers, travel
agency offices, and laboratory sites. The subjects that took part in the experiments included
citizens and tourists at the trial sites, as well as travel agency staff (in the case of the Siena
information system). In terms of physical abilities, subjects were drawn from all three categories
supported by the project, i.e., able-bodied, blind and motor-impaired. In total, there were 175
subjects in all three experiments, exposed to more than one instance of the user interface,
sometimes through iterative evaluation sessions.

The usability goals set up by the common evaluation framework, and assessed during the
experiments were: learnability, efficiency of use, memorability, errors, satisfaction, user attitude,
adaptability and adaptivity. The experiments adopted a task-based evaluation approach, utilising
both qualitative and quantitative evaluation methods. The tools which were utilised include
observations and interviews (qualitative) as well as attitude scale questionnaires and log-files
(quantitative). The functionalities of the AVANTI Web Browser as well as the supported
adaptability and adaptivity features were addressed in the observation sessions, the interviews
and the subjective evaluation (attitude scale) questionnaires.

The results of the evaluation were encouraging, both in terms of user acceptance of the
characteristics of the interface, and in terms of the fulfilment of the initial goals that led to the
employment of adaptation techniques in the user interface. In particular, adaptability addressing
accessibility issues for the various end-user groups proved quite successful, as each user category
conceived the interface as having been specifically developed to cater for their particular
requirements. The results were similar for the non-disability related categories in which users
were classified (e.g., according to their computer expertise).

Adaptivity was assessed to a lesser degree than adaptability during the evaluation, mainly due to
the following reasons: (a) adaptivity requires that interactive sessions are rather lengthy, so that
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adequate information about the user and the context of use is collected, before any practically
useful inferences can be made, and (b) existing user interface evaluation techniques do not offer
themselves for the evaluation of dynamically changing, non-deterministic (from a user’s
perspective) systems. As far as the first of the above issues is concerned, the typical duration of
the interaction sessions performed during the experimental activities was not adequate for the
extraction of dependable inferences that dynamic adaptation could be based on. As a result, users
were aware of only a minimal set of adaptive features in the interface; however, their reaction to
the features they did observe was positive. As far as the availability of empirical methods and
techniques for the evaluation of adaptivity is concerned, it has already been argued that existing
knowledge in the area of user interface evaluation is inadequate for the derivation of appropriate
techniques and instruments to measure the effects of adaptive system behaviour on interaction.

4. Conclusions

As already argued, there do not exist today evaluation methods and techniques that adequately
address the assessment of adaptable and adaptive user interfaces, and their evaluation must,
therefore, be carefully planned and conducted on a case-by-case basis. Specifically, evaluation of
adaptation-capable user interfaces should aim to identify those aspects of the interface that have
beneficial / detrimental effects on the accessibility and interaction quality offered by the interface
for different categories of users and in different contexts of use. Two coarse evaluation
dimensions can be derived from the above goal. The first concerns the appropriateness of the
different instantiation styles for the purpose they were developed. This entails the assessment of
the styles themselves as individual interactive artefacts and as components of the overall
interface, as well as the assessment of the design rationale / decision logic that activates (or
deactivates) these styles, based on user and usage characteristics. The second dimension concerns
the evaluation of the dynamic adaptation (adaptivity) in the interface. This is in fact the most
difficult part to evaluate, as there are multiple factors that determine the various qualities of the
interface. For example, an adaptation may be conceived as entirely dissatisfactory by the user if:
(a) the adaptation logic itself is flawed; (b) the “triggers” of the adaptation were wrongly inferred
by the user modelling component; (c¢) the adaptation was not “timely” (e.g., it came “too late”
from the user’s perspective); or (d) the adaptation policy is not satisfactory (e.g., because the user
is not given enough control over it).

To counterbalance the inherent difficulties in evaluating dynamic adaptation in the interface,
evaluators should plan the evaluation process carefully from the early design phases, and should
actually base the evaluation plan on the overall design process. Thus, evaluation should not be
restricted to summative activities; rather, it should proceed in parallel to the design of the user
interface and should strive to identify deficiencies and possible problems as early as possible,
informing and guiding the development process. The evaluation activities of the AVANTI Web
browser can be considered as preliminary steps towards generic methods and techniques for the
evaluation of adaptation-capable user interfaces. However, a lot more research and practical
experience are required in this direction, before we can derive valuable results that will be
reusable across application domains, user categories and contexts of use.
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