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Abstract. As applications evolve over time, it becomes insiegly desirable
to be able to adapt a system, enabling it to hasitilations in different ways
and to handle new situations. We refer to this hs flexibility and
maintainability of a system. These features com& @bst. We argue here that
they are an important aspect of evaluation, antiweaneed to measure these
costs. To start getting a handle on how one mightuate these aspects of a
system (or of an approach), we turned to our owpragzh to building AH
applications and designed a specific study to allewto look at these issues.

1. Introduction

The last decade has seen the development of appackl reference models (e.g.,
[8] and [11]) for Adaptive Hypermedia (AH) systemand the development of

various methods to provide a range of adaptationssers. There are many AH
systems in a various domains (e.g., [&l, [7], [5], [12], [4]), and the issue of

evaluation has become crucial. Evaluation is a cempand costly) problem, with

multiple dimensions. Most evaluations to-date arepiecal studies of specific

applications under particular conditions, focussimgone dimension: the end-user.
We argue that we must look at evaluation from a lmemof perspectives, including

but not limited to the end-user. In particular, \@ee interested in a system-
perspective.

In this paper, we propose to examine the flexipiéind the ease of maintenance
afforded by the design of a system. As a start tdsv¢his goal, we present a specific
attempt to evaluate the flexibility of our systehraugh a scenario in which we
performed a series of changes requiring an existimglication to produce new or
different presentations and adaptations.

2. Current Evaluations of AH Systems

A great deal of work has focused on evaluating Abtems with a focus on usability
(e.g., [1], [9] and [12]). In most cases, an experit is set up to evaluate an adaptive
system by comparing it to a standard system. Whkitent work started to look at the



systems’ performance and the validity of their gegie.qg., [3] and [10]), we propose
to look at yet another facet of a system-orienteduation, in particular the design of
the underlying AH architecture with its impact dre tmaintenance of an application.
This would provide insight into an AH architecture'sustomisability, its
maintainability, its flexibility to be extended amodified, and the degree of
reusability it allows. We believe this would help understand the benefits and costs
associated in developing AH applications and stamparing various architectures.

3. Evaluating the Flexibility of Adaptive Systems

Implementing adaptive systems able to handle spesitfiations in specific ways is
important, but not enough. Most adaptive systene lawilt around a specific
application. Using them in the context of a differeapplication is difficult. As
applications evolve over time, it is desirable ® dble to change an application,
enabling it to respond appropriately to new situai this requires the ability to
handle new situations or respond differently thaigioally envisaged to known
situations. This is important for at least two reeso

(1) We are designers not domain experts; it is thugcdit for us to know what is
the most appropriate in each situation. The desfgan application should allow the
experts to take control and configure the applicatippropriately;

(2) Situations are dynamic —what is satisfactory todagy be inadequate
tomorrow. We must be prepared to take on boardnegwirements as they come in.

These requirements come at a cost. We thus belitetttere is another side to
evaluation: the ease or cost of developing appdicatthat can be easily configured
and maintained to meet changing requirements. Natewe are not talking here of
computational learning models, but rather we redehe manual cost of adapting and
maintaining an application.

3.1 What Should Be Evaluated?

What should we take into account to evaluate thgt o maintaining adaptive
applications? To get a handle on this issue, weestavith our own architecture for
AH applications. Our aim was to understand the @agewhich an application built
using our architecture could be maintained andnedad. In particular, we looked at:

(1) What changes are needed®hen there are new requirements, do the
modifications require the development of new resesr the implementation of
additional functionality to the underlying architee, or both?

(2) Who can do it and what is the expertise required®daptive systems are now
quite complex and require a lot of expertise thaynbe shared among several
individuals (e.g., software engineering, HCI, domexpertise, etc.).

(3) How hard it is?— How much effort and time is required to modifi tsystem
to the new requirements?

The objective of this work was not to come up with asolute figure nor a
metric, but to start building an understanding oWhflexible our system is, of the



cost of extending an application, and of how onghmievaluate approaches along
these dimensions.

In the following sections, we outline our specifidcd architecture, the Virtual
Document Planner (VDP). We have already used ttukitecture to build various
applications (e.g., [12] and [4]), and we felt tlitatvas flexible and portable across
domains and applications. Yet, we wanted to addmssquestions above more
precisely, especially with respect to maintenamzkcost.

3.2 TheVirtual Document Planner Overview

The Virtual Document Planner (VDP) is a multimediangration system that
dynamically produces hypermedia documents. It ésrttain module of Myriad, our
platform for Contextualised Information Retrievahda Delivery [11]. The VDP
belongs to the class of AH systems working with ggen set of (potentially
heterogeneous) resources by opposition to AH systesed on a fixed and closed
world (cf. [2] and [5]). Instead of providing natjon support and guidance through
a (manually authored) hypermedia space, the \dbftesa tailored hypermedia
space. The VDP generates hypermedia documents disicurse rules to select and
organise the content, presentation rules to detern appropriate way to realise the
content and the structure of the presentation, ausgt of templates to control the
layout of the final document. In the two classesydtems, the adaptation methods
used are different. For example, while AH systenth & fixed set of resources tailor
the content by removing, inserting, altering oretthing fragments of text, open
sources AH systems decide what needs to be includddeve the appropriate
fragments from various sources and assemble thémonancoherent whole. This
process is done in our case by the VDP planningnengn addition, while the former
class of systems focuses on the development of timdapavigation support
techniques, the manipulation of links is not awési the latter class as systems have
control over the generated hypermedia space. Hawbesides those differences, the
two approaches present similarities in the way #lgaptation is performed. In
particular, they base the adaptation on the inftionarecorded in the user profile,
task model and other contextual models.

3.3 TheEvaluation Study

To assess the flexibility of our system, we defimedcenario where our application
was to generate three multimedia documents, takitmgaccount a series of changes
regarding both the content (varying the type amdaimount of information provided)
and the presentation (varying the way informatisnldid out). We wanted to
evaluate: what needed to be done to enable thécatiph to allow for the changes?
Who could do it? And how easy/expensive it woul@ Bur study allowed us to put
to the test our approach and architecture, andgess its current flexibility to fit new
requirements. We found that:

(1) By decoupling the engine/mechanisms from tiseueces, the changes were
applied to the resources, at distinct layers ofayahitecture (content, presentation, or



adaptation mechanisms). Indeed, while the planmngine used by the VDP is
generic and can be reused in different applicatitmes resources (i.e., discourse and
presentation rules) are domain and task dependedtneed to be specified and re-
written for each application;

(2) It was hard to anticipate exactly the amountvofk, especially for changes
involving content. We realised that the cost ofyiiong new content was not related
to the amount of new material to be added. It ddpeimoth on the role in the
discourse structure of the new content and hovisitwith existing content, and on
the granularity at which the new content is repnésd as this influences the number
of discourse rules to be written; and,

(3) The expertise needed to perform these changsx@raplexAlthough the
VDP's resources are highly modular and declaratileexpressed in XML, creating
and modifying them requires some expertise. Theopeasithoring a target document
needs to understand the syntax in which the diseotules are written, and, more
importantly, how they can be combined to generaiarticular document.

We realised that the latter was potentially a digaint cost of our approach. As a
result, we are now undertaking work to provide dimneperts with authoring tools
that generate automatically the appropriate dismules from the specification of a
document structure, thus reducing that aspect ef. ddaving the authoring tool
coupled with our AH architecture, we can now rdvisie cost of changing an
application, as illustrated in Table 1.

Table 1. Comparative cost of introducing an authoring tocdldimg the system to automate
content changes from the author’s specifications

VDP without Authoring Tool  VDP with Authoring Tool

What needs to be changed? Discourse Rules Speicifisatf the
document structure

Who is doing the changes? System designers with Authors for content
discourse expertise

How much effort is required?  Several hours 15 tor2®

Referring back to our original questions (What? Wheéow hard?), we have
now significantly reduce the complexity of the estjge and the amount of manual
effort required (the new or modified discourse suége derived automatically from
the authoring tool)We thus believe that our analysis, albeit onlyaatistg point, has
already allowed us to get a handle on the cossimiguour approach and has led us to
improvements.

4. Conclusion

Situations and requirements evolve; nobody wantebuild a system each time a
new need comes in. Thus, maintenance of adaptitersgsfor new situations is an
important issue. While the flexibility of tailorinthe provision of information to a
wide range of situations is key, we must also ustdexd the cost of adapting an
application to new situations. Thus, we must understthe cost of extending an



application to enable it to generate new tailorgghenmedia presentations and
applications. We have attempted to understand tbests for our approach. This is
only a first step towards our goal: articulate anfework for evaluating various
approaches to AH applications by addressing isstilexibility and maintainability.
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