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Abstract. A key decision in designing authoring tools for Adaptive Hypermedia is

the type of representation to use when authoring the relationships among contents.
This paper describes an experiment that compares two representations, one based
on trees, another using clustered graphs for the same task. An effort has been made
to isolate all other aspects of authoring from the comparison; the choice of trees vs.
graphs should be the only difference between both editors, which have exactly the
same capabilities and goals: to author courses for the new version of the adaptive
educational hypermedia systéilaNnGow. Experimental results for a small survey
using the described setup are included.
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1. Introduction

Adaptive Hypermedia (AH) systems are based on the idea of adapting site contents to users,
instead of using a one-size-fits all approach. They maintain some sort of information about
the user, and the user’s goals and previous actionsu@be modg#]), and try to present
content that will be relevant to the current task for that particular user by performing dif-
ferent types of adaptation on a (structured) content repository; the relationships among the
elements in the content repository define a structure, which is often texomeeint model

or when a repository refers to a specific domaomain modelln an educational context,

a content repository usually consists of multiple individual courses (although this distinc-
tion can be blurred if re-usability is inserted into the equation, and several courses share
contents).

The structure of an adaptive hypermedia course is therefore invariably more complex
than that of static one: adaptation is performed by following certain procedures that relate a
given user model with the domain model, and the domain model must include some sort of
extra information that guides the adaptation process in this task. This information is usually
added as meta-data, labelling content units or subunits with special tags and establishing re-
lationships among them. An adaptation engine later makes use of this information and a user
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model to present a seamless course tailored to this user’s perceived goals and needs. Some
relations among course units usually have much greater priority than others. For instance, the
part-of relationship typically defines the high-level layout of a course, a layout that can then

be altered before presentation by the adaptation engine (npaybef-if would be a better
description), and then further refined at lower levels of locality to provide more fine-grained
types of adaptation.

We present an experiment comparing different structural representations in two au-
thoring tools developed for th&/OTAN adaptive hypermedia course systeWiOTAN is
a new version ofTANGOW[7,6], an educational AH system developed at the Universidad
Auténoma de Madrid by the author’s research group. In section 2, the basics of the adapta-
tion mechanism used WOTAN are described. The editors are described in section 3, with
emphasis on the user’s interface to the structure rather than the actual details involved with
course update, user model expression syntax, etc. The tree-based editor is introduced in 3.1,
and the graph-based editor is discussed next. In section 4, we describe an experimental setup
designed to compare both approaches in different authoring tasks, and discuss the results
gathered in an experiment with a small number of users.

Finally, section 5 provides concluding remarks and lines of future work, and insists
on the generality of the representation problem, which we believe to be common to any
adaptive hypermedia system that performs global adaptation on a closed, tightly coupled
content repository.

2. WOTAN, a new version of TANGOW

The TANGOW adaptive system has been updated in the last year. The new vék&iaaN,
features better integration among the administration, presentation and authoring tools, and
uses XML files instead of database tables for course data, user model, and system configu-
ration information. A new exercise subsystem has also been introduced. The remainder of
this section provides an overview of the system architecture, the course model, and the user
model, as a basis for the presentation of the authoring tools.

The renovation ofTANGOW has been partly inspired by other adaptive hypermedia
course systems, particularly by work on the AHA system [9,15] and adaptive hypermedia
reference models such as [3], althoughTkinGow there is no proper separation between
the “teaching model” and the “content model”.

2.1. Architecture

WOTAN is implemented as a set of modules (servlets inside a Java-based web application)
that share session information. Teeer module provides a web-based interface that al-
lows authors to create and test different types of exercises, which can later be included in
courses; thadmin module implements access control and provides user and course man-
agement. Authors can upload and download courses from the system through this interface.
Finally, thepres module is in charge of presenting courses to users, performing adapta-
tion as needed. Currently, it is designed to closely mimic the behavior previausow
interface, but the adaptation module is easily replaceable for new adaptation requirements.
Course authoring occurs client-side, and completely off-line; this allows much greater
interactivity within the authoring tool, and richer representations of the course structure.



2.2. User model, course model, and adaptation

Fig. 1illustrates the contents of a user session. Sessions include a user model with global stu-
dent data (such as preferred language, learning styles[13], etc.), and a course-specific “over-
lay” for each course the user is enrolled in. All model information is encoded in attribute-
value pairs, where the attributes of course overlays mark a location in the course model
where the attribute is of relevance. If the user is currently performing a course, the current
course model (as annotated by the corresponding overlay) will also be stored in the session;
when the session is finished, it will be serialized back into the user model’s course overlay
for that particular course.

attributes | | overlays descriptions

User Model
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Figure 1. Construction of an annotated course mod@MpTAN, the new version oTANGOW.

Adaptation data is contained in the course description, an XML document which de-
scribes a course in terms of tasks, rules, fragments, versions, and adaptation features.

Tasks are blocks of content, which may contain both other blocks and/or content frag-
ments. A course always definesrain task which acts as the entry point to the whole
course. Containment is not exclusive: several tasks may refer, either directly or indirectly, to
the same subtasks or fragments; but no task may include an ancestor as a subtask. Therefore,
in terms of inclusionTANGOW courses are directed, acyclical graphs (that is, graphs where
no cycles can be created by following edges).

The decomposition of a task in subtasks is governedil®s Each rule has an activation
condition (a condition on the user model that must be met in order for the rule to be consid-
ered active), a list of subtasks, and a criteria for sequencing the subtasks (deciding in which
order they will be recommended) and evaluating successful task completion. When several
rules are simultaneously active for a given task, only one may be triggered (the student has a
choice here). In order to simplify navigation, at most one rule for each task may be triggered.
This means that, in any given moment, the path that a student has taken throughout a course
will be a well-formed tree. The task + rule mechanism implements navigational adaptation
in TANGOW.

Fragments are small snippets of html, images, applets, etc. A fragment may have several
versions, and each version will have an associated expression that evaluates its suitability to
a given user model. The most suitable version of each fragment in a task is selected when
building the html pages that will represent that task to a given user, implementing canned-
text adaptation.

Features describe additional aspects to be added to the user model for this particular
course. For instance, in a course on microprocessor design, it may be relevant to know
the user’s familiarity with boolean algebra. A featureolean-algebracould be added as
a “feature” to be considered in the course. Features are initialized when a course is first
visited, using an automatically generated questionnaire, and the values filled in are later



available for adaptation purposes. In this case, the feature’s value would be accessible as
map.course.boolean-algebra

Additionally, certain built-in user model characteristics (such as preferred language)
are available for all courses, and the whole domain model itself (including full history)
is available for adaptation. For instancegp.task.booleanExercises.grade >=
.5 (representing the final grade in task that includes a set of exercises about boolean algebra)
may be better than a user-provided “feature” value when deciding whether the user really
has an idea about boolean algebra. Expressions using values from the annotated user model
are used in rule activation, fragment version selection, task finalization conditions, and pa-
rameter propagation (that is, pervasively) around the system, and have been implemented
using the well-known Java Expression Parser package[1].

3. Editors

Authoring tools for educational AH must provide an interface suitable for authors with good
knowledge of their respective domains, but not necessarily intent on an in-depth study of the
system’s internal workings. The interface should present an overview of the course structure,
and allow direct modification of this structure as the course evolves. As described in [8],
high-quality AH courses are more likely to evolve than to be completely designed from the
ground off, so the interface should allow for both course creation and later maintenance.

Two obvious candidates for structural representation are trees and graphs. Trees pro-
vide a familiar top-down model of course organization, as found in the Table of Contents
of many reference materials. Most AH systems use trees in their authoring tools, either ex-
clusively or in addition to other representations (for instance, [9,5,7]). The only drawback
of using trees is that non-hierarchical relationships are hard to represent inside a tree. These
are, however, commonly represented by directed graphs (which are a generalization of trees
where individual nodes can have more than one 'ancestor’). Graph-based tools for adaptive
hypermedia editing are becoming more common, as in AHA 2.0’s graph-based editor[9] and
TANGOW's ATLAS editor [12]. Trees tend to be very uniform interfaces, with standard ex-
pand and collapse operations, and well-understood semantics. The extra liberty provided by
graph representations makes graph-based systems much more heterogeneous.

We present two authoring tools f9¥OTAN courses, capable of exactly the same tasks,
and which differ only in their representation of courses. In fact, both are stand-alone Java
applications that share most of their code-base. Course authors are expected to download an
existing course from the system as a compressed file (or create a new one with the chosen
editor), edit the course locally, and upload it again to the system.

The editors also allow authors to import previous database-bound courses into the new
format, and assist a user in editing and adding fragment versions. However, this shall be of
no concern in the following subsections, which deal almost exclusively with the structural
interface.

3.1. The tree editor

This editor, depicted in Fig. 2, is based on the interface found in a previous web-based
editing tool for TANGOW. The component represents a course structure as an expandable
tree, where nodes can represent tasks, rules, fragments and fragment versions. Color-coded
icons are used to denote each of these elements. Fragment versions are the only real leaves.
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Figure 2. The tree interface, displaying a Figure 3. The graph interface, displaying the same
part of the “Traffic” course. The circles mark course. Annotations have been superimposed in Arial
a task accessible through several paths. typeface.

The tree can be expanded and collapsed as usual, contains no internal state (so that,
should the course structure change due to editing, a simple revalidation will bring the repre-
sentation up-to-date), and can be filtered according to a “user model” filter.

In Fig. 2, an example illustrates the main drawback of using trees for course structure
representation: if a single task is reachable through different routes, it is marked with an
exclamation mark (in the example, “s_prio_theo”, hightlighted by an arrow). It is difficult
to represent these non-hierarchical relationships in an inherently hierarchical representation
such as a tree.

3.2. The graph-based editor

The graph-based editor is significantly more complex. Its initial aim was to solve the issue
of non-hierarchical relationships encountered with the tree-based approach. However, the
use of graphs introduces new problems: graphs are significantly less efficient in their use of
screen space, require non-trivial layout to be performed (either automatically or by the user),
and result incomprehensible beyond a certain size.

This has motivated the adoption of several information visualization techniques to re-
duce the complexity of the graphs being presented, while maintaining desirable characteris-
tics that make them comparable to trees when trees alone would suffice. In the first place,
automatic layout has been preferred to manual layout, as we understand that manual layout
places too much of a burden on users, and automatic layout is both feasible and pleasant as
long as the node count is kept low. This is achieved via clustering of related nodes. Naviga-
tion throughout the graph is performed by clicking on nodes, which will convert the selected
node into the current ‘Point of Interest’, and expand nearby ‘interesting’ nodes and collapse
distant ‘non-relevant’ ones. The default behavior of this fisheye-lens[11] (or focus+context)
approach can be modified by either freezing certain nodes (so that neither their position nor
their collapsed-uncollapsed status will be altered by visualization changes) or modification
of the focus variables: number of nodes to be shown, and size of the neighborhood to expand.

Fig. 3 is a screen-shot of the graph interface. Color-coding and shapes are used to dis-
tinguish different node and edge types. The edge between “S_Signs” and “S_Types” is a



“cluster edge”, that is, contains several edges (see the tree representation of the same course,
in Fig. 2, to identify the edges involved).

Animation of transitions is used in order to preserve the user’s mental map of the course
during navigation, as every change in viewpoint or filtering implies another layout of affected
nodes, and suddenly changing node positions tend to be annoying.

The graph-based editor is built on top 6LovER [10] (Cluster Oriented Visualiza-
tion EnVironment), a graph visualization framework that uses the JGraph[2] component.
CLOVER is not specific toTANGOW courses, or indeed adaptive hypermedia; it has been
used for graph visualization in other application domains, such as the reusable content cre-
ation system Targeteam[14,10].

4. Experimental Setup

As both editors share the same editing capabilities, the goal of the experiment is to measure
author speed, accuracy and satisfaction with each of the editors. First, experiment partici-
pants receive a brief primer M/OTAN course structure and an introduction to each of the
tools and a description of the tasks to be preformed. They are also presented with a printed
page with the symbols used in course representation and a list of requested tasks. Finally, the
participant is asked to perform the tasks on an example course, in order, first using one editor
and then the other. The order of tool selection is changed for each participant, so that half of
the participants start with the tree-based tools, and the other half starts with the graph-based
one. As the same tasks are performed twice, once for each tool, by users without previous
experience with the system (or AH in general), we expected to find the speed and accuracy
of the second run to be better than those of the first run.

4.1. Tasks

All tasks are performed on the example course depicted in the previous tool screenshots.
The tasks are designed to be simple but representative of a typical editing session, and are
presented in order of increasing difficulty. For each task, the time required to complete it
successfully (as determined by the experimenter upon request) is recorded. After all tasks
for both tools have been completed, the user is requested to fill in a small "difficulty survey"
assessing the difficulty of each task/tool combination.

e Task 1: find and change the name of a given fragment node, identified by a path that
leads to it. Subjects will have to navigate using the corresponding tool, which is the
only problem presented by this task.

e Task 2: locate all paths leading to a task node. One of the paths is provided in the
statement. This task is representative of a typical problem in AH courses, and we
expected the graph representation to perform better than the tree representation.

e Task 3: add a rule that will be active only for users with a specific profile (rule location
and profile-matching information are provided in the statement), insert a task into this
rule, and add a fragment to the inserted task. This tests basic course growth.

4.2. Results

Experiment results can be found in figures Figs. 4 and 5. Only 8 participants were involved,
divided into two groups. Charts on the top row represent time in seconds required to perform



each task. In each chart, there are 6 blocks of columns; the first three columns represent the
time required to perform each of the 3 tasks with each of the editors, in order, from left to
right. Charts in the second row display perceived difficulty of each task with each editor
(filled in after performing all tasks with all editors), adjusted so that the least difficult task
for each user begins at “difficulty level” 1.
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Figure 4. Participants that started with the tree-based Figure 5. Charts for participants that started out with
editor. Tasks on thkeft were performed first. the graph-based editor.

Statistical analysis is not meaningful with such a small sample, but certain trends are
visible. For instance, task times are much shorter in the second run than in the first run,
regardless of the editor that was used first. This suggests that familiarity with the system’s
concepts and the course structure is harder to master than interaction with the editors (users
had only received a very basic introduction to both).

Task times with each group’s first tool are very similar, although Task 1 seems to take
longer when performed for the first time with the graph editor, probably because graph
navigation is more complex than tree navigation. As expected, Task 2 is performed slightly
faster when using the graph editor. Better initial training should have lowered times much
more. Perceived difficulty is also usually lower for Task 2 when using the graph-based editor.
Itis also interesting that users rate tasks as more difficult when they have started out with the
tree editor. This suggests that those using the graph-based editor had a better understanding
of the course structure on their second run, and found tasks easier to accomplish.

In general, despite the differences in interface, both tools are roughly equal for non-
experienced users when performing simple tasks. The graph tool is perceived as harder to use
and takes longer to get used to than the tree tool, but seems to provide better understanding
of course layout. Familiarity with the system is gained rapidly, but still accounts for most of
the difference between both runs.



5. Concluding Remarks and Future Work

Adaptive Educational Hypermedia authoring tools must choose a suitable interface to
present content structure and relationships. The two main candidates are tree-based and
graph-based representations. An experimental setup to compare two approaches to course
structure representation, one using trees and the other using graphs, is presented. The main
feature is that both tools share exactly the same capabilities, differing only in course rep-
resentation. Although the authoring tools under comparison are both designed with the
WOTAN system in mind, we believe that the ideas behind this experiment are applicable to

a broad range of adaptive hypermedia systems.

Experimental results suggest that graph-based representations, although harder to mas-
ter, are better suited to navigation and orientation in AH structures than tree-based ones.
However, the evidence is inconclusive: the sample is small, and familiarity with the system
and the requested tasks should be factored out of the experiment to provide a more mean-
ingful comparison. A follow-up experiment with a larger sample size is planned for the near
future, including a longer introduction to tM¥OTAN system and both editors, and a wider
array of tasks. Interface glitches discovered during this first experiment will be fixed in time
for the follow-up.
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