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Abstract. Although a number of frameworks exist for the evaluation of Adap-
tive Hypermedia Systems (AHS), recently suggested layered frameworks have
proved useful in identifying the exact cause of the adaptation failure or any
other error in the system. This paper presents an evaluation framework for
AHS for internet which is an extension of the layered frameworks and adds new
dimensions to them. It treats evaluation as an integral part of development
process of AHS and also evaluates the successful access of AHS on the internet.
The framework has four dimensions which are orthogonal to each other — Envi-
ronment — the environment in which AHS is accessed, Adaptation — the type of
adaptation used, Development Process — software engineering life cycle steps
used for developing AHS and the Evaluation M odules — the layers of AHS
which are evaluated in context of other dimensions.

1 Introduction

Adaptive Hypermedia Systems (AHS) are designed and built with the intention of
providing tailor made information to individual users according to their preferences,
goals and knowledge. With the advent of internet as acommon source of information,
they have found a platform to reach heterogeneous groups of users using different
devices for assessing AHS. With this increases the challenge of catering to a wide
variety of usersin differing environments and also the added responsibility of working
without making mistakes since a single mistake can make the user lose trust in the
system — maybe forever. Therefore, evaluating the AHS is of utmost importance.
Moreover, it is equally important to have a correct method of evaluation since an in-
correct method can lead to wrong conclusions [ 3].

Earlier evaluation studies compared adaptive versions of the system with the non-
adaptive versions [2, 4]. A magor criticism of this approach was that the non-adaptive
versions — usually implemented using adaptive version with their adaptivity switched
off —were not “optimal” [11].

Recently some layered evaluation frameworks were suggested which do not treat
evaluation as a “monolithic” process but instead divide it into layers [3, 20, 23]. This



approach helps in identifying the exact cause of the adaptation failure or any other
error. These evaluation frameworks basically differ in layer granularity and do not take
“extensibility or maintainability” of the AHS into consideration [10]. Another evalua-
tion framework — Extended Abstract Categorization Map (E-ACM) [21] has been sug-
gested to guide adaptation evaluation and design. Most of them do not take the de-
velopment process into consideration resulting in detection of errors and weaknesses
in the system which can prove to be expensive to correct at a later stage. Moreover
issues like nmaintenance of the system, the environment in which they will be used —
location and devices accessing AHS, etc., have not been aldressed in the current
frameworks.

There can be a number of factors which affect the evaluation process of an AHS.
Internet provides the opportunity of accessing AHS using a variety of deviceslike
desktops, mobiles, PDASs, in any location of the world, to the users having diverse
skills, capabilities and knowledge. The AHS itself can belong to any application do-
main having some specific characteristics. All these elements form the environment of
the AHS. The adaptation in the AHS can be static or dynamic depending on the time
and process of adaptation.

Similar to software engineering, AHS also involves the analysis, design, implemen-
tation and maintenance phases of development process. During these phases, they
should be evaluated for the validity of input acquisition, correctness of inferences
drawn from these inputs, correctness of various models created by the AHS, the adap-
tation decisions taken based on these models and their final presentation to the user.

We propose an evaluation framework treating the evaluation as an integral part of
the development process of AHS and taking the accessing environment and the type
of adaptation provided by AHS into consideration while evaluating individual mod-
ules of AHS. The framework consists of four orthogonal dimensions: Environment,
Adaptation, Development process and the Evaluation modules. Next Section de-
scribes the framework.

2 Proposed Evaluation Framework

The proposed framework is an extension of layered evaluation frameworks where the
layers need to be evaluated in context with other dimensions. The benefits of the
framework are: (i) it allows a structured, layered view to better understand the various
aspects of AHS (ii) it can be used as a conceptual framework for evaluating existing
approaches for AHS (iii) it may be used during the development of next generation
AHS using software engineering steps.

The framework consists of 4 dimensions - Environment, Adaptation, Development
Process, and Evaluation Modules. These dimensions are orthogonal to each other i.e.
al the evaluation modules should address all the components of environment and
adaptation during each phase of development process.

Figure 1 shows our proposed eval uation framework and the following sections de-
scribe these dimensions and their comp onents.
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Figure 1. Proposed Evaluation Framework for AHS
2.1 Environment

The first dimension — environment — is the set of conditions to which AHS has to
adapt itself i.e. they are the circumstances of consumption for AHS. There can be
innumerable variables affecting the environment; we group them under the following
components:

2.1.1 Device: Advent of web-capable appliances with limited abilities such as PDAs
and mobile telephones along with desktops — have made one-size-fit-all paradigm
obsolete since the range of hardware and software used at client side of web-based
systems is extremely wide. AHS need to be evaluated for the correct acquisition of the
device characteristics and smooth running with hardware features like display sizes,
local storage size, method of input, processing speed and software features like
browser versions, available plug-ins, Java and JavaScript etc. Kobsa et al [16] have
discussed acquisition of such databy the AHS.

2.1.2 User: The personal characteristics of user such as demographic data, user
knowledge, user skills and capabilities, user interests and preferences, his goals and
plans have been used by many AHS for adaptation [2, 22]. Along with these features,



AHS should be evaluated for adaptation according to all usersincluding disabled and
elderly users[15].

2.1.3 Application Domain: AHS can be developed for a wide range of applications
which differ in characteristics. Brusilovsky [5] have identified several application do-
mains and existing AHS for them. The application specific characteristics constitute
critical parameters while evaluating AHS and should be evaluated along with general
characteristics of AHS since the traditional concerns change with the application do-
main.

2.1.4 Location: Information about the geographical location of the accessing device
can be used to filter and adapt or recommend the content of AHS and should be
evaluated for the correct delivery of the same. Kobsaet a [16] have given methods for
acquisition of information about the location and their use in adaptation procedure.

2.2 Adaptation

The second dimension of the framework is adaptation which can be of two types:
static adaptation and dynamic adaptation, depending upon the time and process of
adaptation. Static adaptations are specified by the author at the design time or deter-
mined once only at the startup of the application. Fink et a [9] used static adaptation
in AVANTI project. Dynamic adaptation occurs during runtime depending on various
factors like inputs given by the users during use, changes in user model, adaptation
decision taken by AHS etc. Kappel et a [13] have distinguished three options for
dynamic adaptation — immediate dynamic adaptation i.e. adaptation done as soon as
context changes, deferred dynamic adaptation i.e. adaptation done only after the user
has requested the page which is subject to adaptation, and periodic adaptation i.e.
adaptation is done periodically. Example of system having dynamic adaptation is
AHA [g].

2.3 Evaluation Modules

The third dimension of evaluation framework consists of evaluation modules which
need to be considered for evaluation of AHS. These modules have been suggested in
the layered frameworks [3, 20, 23]. Our perspective isto eval uate them with respect to
other dimensions of the framework.

2.3.1 Input Acquisition: Inputs are required from the environment as well as from the
user. These can be taken manually (i.e. user feeds them), automatically (i.e. system
takesthe input itself e.g. Type of device, its screen size, location etc) or semi automati-
cally (i.e. combination of both— some input through user, some automaticaly) [13].
The inputs taken by the system — either manually or automatically might not carry
any semantic information, but they need to be evaluated for the reliability, accuracy,
precision, latency, sampling rate, so that the inferences drawn from them are valuable.



This needs to be done at all stages of development process— analysis, design, imple-
mentation and maintenance phases, for both static and dynamic adaptations, for all
intended devices, users, locations and application domains.

2.3.2 Inferences Drawn: Previous layer was involved with the data collection, this
layer gives “meaning” or “semantics’ to it i.e. it draws inferences from it. Evaluators
need to check if these inferences or the conclusions drawn by the system concerning
the user-computer interaction are correct since it is not necessary that there will be a
direct — one to one mapping between raw data and their semantically meaningful coun-
terparts.

Moreover, inputs given by various users of different devices or application domain
might need different interpretations. Evaluators need to check if all such interpreta-
tions have been analyzed, designed and implemented in the AHS for both static and
dynamic adaptations.

2.3.3 Modedls. For achieving the required adaptations, various models are created by
the system. Benyon and Murray [1] specified three models — user model, domain
model, interaction model. Nora Koch [18] has described four models for carrying out
the adaptation — user model, navigation model, presentation model, and adaptation
model.

These models are based on the inferences drawn in the previous stage and are sup-
pose to imitate the real world. They need to be evaluated for validity i.e. correct repre-
sentation of the entity being modeled, comprehensiveness of model, redundancy of
model, precision of the model, sensitivity of the modeling process[20].

2.3.4 Adaptation Decison: Given a set of properties in the user model, sometimes
there can be more than one adaptation possible. In this module, evaluation of the
most “optimal” adaptation is done using criterialike necessity of adaptation, appropri-
ateness of adaptation, acceptance of adaptation [20]. Careful evaluation is needed to
ascertain that increase in adaptation is not resulting in decreased usability [5)].

2.3.5 Presentation: This module involves the human-computer interaction and needs
to be evaluated for criterialike completeness of the presentation, coherence of presen-
tation, timeliness of adaptation, user control over adaptation [20].

2.4 Development Process

The fourth dimension of the framework is the development process comprising of
phases of software life cycle i.e. analysis, design, implementation and maintenance.
Benyon and Murray [1] gave a star approach to interactive system devel opment taking
evaluation as central element and system analysis, specification of user requirements,
design, prototype and implementation as the peripheral elements.

During each phase of this dimension, evaluation of individual elements of environ-
ment, adaptation and eval uation modules is done with respect to each other.



2.4.1 Analysis: This phase involves gathering information about the problems of cur-
rent system, and/or identifying the requirements and constraints of the system to be
developed. Main components of this phase are:
- Functional analysis: establishes the main functions that the system is e
pected to perform and how it isto perform.
Environment analysis: This analyzes the environment in which the systemis
expected to be accessed — including the physical aspects like location, device
and other aspects like application domain, type of user.
User and task analysis: This determines the scope of cognitive characteris-
tics like user’s preferences, goals, knowledge and other attributes required in
user model e.g. search strategy required, assumed mental model etc.
Interface analysis: It identifies features like effectiveness, learnability, flex-
bility and attitude required of the system.
Data analysis: This involves the analysis of input acquisition to identifying
the data to be stored and manipulated by the system, and to understand and
represent the meaning and structure of datain the AHS.
Analysis of Models: Thisinvolvesthe analysis of various models maintained
by the system such as user model, domain model, navigation model, adapta-
tion model.

To evaluate this phase, checklists can be prepared for different types of analysis
mentioned above, corresponding to various components of different dimensions of
the evaluation framework. For example, a checklist is prepared for the desktop com+
puter’s functional requirements of static adaptation for input acquisition; another
checklist for the PDAs for the same specificationsis prepared.

2.4.2 Design: Design phase defines the overall system organization by transforming
the functions and tasks defined during analysis phase into software components and
their externally visible properties of those components and their relationships. It is
recommended to design the adaptive parts of the system in parallel with the whole
system so as to have a successful adaptation [11]. Some of the components for this
phase are:

Architectural Design: Many architectural designs have been suggested for

the adaptive systems[1, 12, 19]. The modular architecture model presented in

figure 2 is especially designed for our evaluation purpose.
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Figure 2. Architecture model for evaluation of adaptive hypermedia system

In this model, “Input acquisition” module acquires input by the user through
keyboard or mouse or takes it from the environmental factors such asthe de-
vice and location accessing the AHS. Thisinput isverified and then passed
on to the next module “Inferences drawn” for drawing logical inferences and
conclusions which are then stored in some dynamic models created by the
system such as user model. The “modeling” module consists of various
models — both static and dynamic such as user model, domain model, naviga-
tion model, presentation model and adaptation model. Different AHS can
have one or more such models which are used at various levels of adaptation.
Depending on some these models, “adaptation decision” module takes the
decision so as to choose the best adaptation techniques out of the available
ones in the system. Then the “presentation” module presents the final con-
tent and linksto the user.

Evaluation of architectural design isimportant because it defines constraints
on implementation and maintenance, making it easier to reason about and
manage changes, and defines system’s quality attributes.

Content Design: Content forms one of the most important aspect of the AHS
sinceit isfor the content that the AHS exists. Therefore, it should be verified
for accuracy and precision. Moreover, there is a need to identify and evalu-



ate the content which would be visible to different users (according to their
individual user model), on different devices and location.

Navigation Design: Since a number of navigational techniques are present
such as direct guidance, link hiding etc [5] which can be used with various
navigation aids like icons, graphicals, there is a need to ascertain that the
chosen one is appropriate for content and consistent with the heuristics lead-
ing to high quality interface designs and also ensure that aids like site maps
and table of contents are designed into the system.

Evaluation of navigational design is needed to ensure the maintenance of
coherence of the overall system as the user moves across application since it
isrelated to AHS' s underlying communicative performance.

Interface Design: Since user interfaceisthe “first impression” of the system,
a poorly designed interface might disappoint user regardless of the value of
content, sophistication of architectural design and navigation techniques
used. Therefore, careful evaluation is necessary for well structured ness and
ergonomically sound interface designs.

Design phase can be evaluated by using metrics such as structural complexity met-
rics, navigational metrics, usability metrics etc. Moreover, agood architecture exhibits
low coupling and high cohesion in terms of some decomposition of functionality [14].

2.4.3 Implementation: During the actual implementation of the system, evaluation of
each module of AHS should be carried out individually and then in integration with
the other modules for the successful adaptation at various levels — both static and
dynamic, for different users, on different devices. Some metrics like behavioral com-
plexity, reliability metrics, precision, software size and length metrics help in evaluation
of the system as a whole. Moreover, evaluation of toolscan be donein relation to the
activities in which they are used to indicate their availability for each kind of activity
and how the tool supportsit.

2.4.4 Maintenance: AHS might require updation at any moment; therefore, during the
design phase care should be taken to design hyperspace in modular way so that
change in structure can be made by changing the relations among these modules.
Automatic link generation should be preferred over static links to preserve the link
coherence. Maintenance of static links is very complex as any change in anode posi-
tion in hyperspace necessitates it to revise all the documents that include links to this
node, in order to update them.

Content maintenance can be made easy by storing contents apart from the concept
structure or the navigational options since contents are external and easily updateable.
Finally, database should be used to store information about different system compo-
nents to facilitate the management and maintenance of these components and guaran-
tee data consistency [7]. Checklists can be prepared for these and metrics can be used



to measure the ease of maintenance such as complexity metrics, reuse metrics or ex-
pandability metrics.

Table 1 gives an example to illustrate the way in which to use the framework. While
developing an adaptive tutoring system for internet, during the implementation phase,
the precision of the content is measured for the presentation module and the values
arefilled in the table 1. The values are filled by using various metrics appropriate for
different stages and can be in any unit of measurement. For the complete evaluation,
many such tables would be required for various phases.

Table 1. An Example to show how to use the framework dimensions (values are only for dem-
onstration purpose and are not exact).

Precision of content during implementation | Adaptation

phase of presentation module Static Ad- | Dynamic
aptation Adaptation
Environment Device PDA 85% 80%
Mobile | 80% 80%
Desktop | 95% 96%
User Novice | 70% 76%
Aver- 90% 0%
age
Expert 80% 85%
Location
Application Domain

3 Conclusion

Our proposed evaluation framework integrates the AHS development process, the
accessing environment, the different types and levels of adaptationsinvolved in AHS
and the evaluation modules of layered frameworks. Severa factors that impact the
AHS evaluation can be organized around these framework perspectives.

The framework isamechanism to gain insight into and an understanding of AHS for
internet. It can be used for summational evaluations once the AHS has been com-
pleted by replacing the “development process’ with “initial goals and achieved goals”
and checking with the rest of the three dimensions. It can also be used for formative
evaluations during the development of the system by establishing goals for each
phase and then compare the actual results.

The dimensions and their elements suggested in the framework have been al-
dressed more or less globally. Subfactors can be established for each element which
can be evaluated objectively or subjectively.




We are in the process of developing and evaluating an adaptive tutoring system
with the authoring tool AHA using this framework where analysis phase has check-
lists and set of goals prepared according to the requirements. Metrics largely are be-
ing used during design, implementation and maintenance phases for the purpose of
evaluation. The results of this study will be reported later on.
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