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Abstract. MOT (My Online Teacher) is an adaptive hypermedia system (AHS) web-authoring environment. MOT is now being
further developed according to the LAOS five-layer adaptation model for adaptive hypermedia and adaptive web-material,
containing a domain -, goal -, user -, adaptation – and presentation model. The adaptation itself follows the LAG three-layer
granularity structure, figuring direct adaptation techniques and rules, an adaptation language and adaptation strategies. In this
paper we shortly describe the theoretical basis of MOT, i.e., LAOS and LAG, and then give some information about the current
state of MOT. The purpose of this paper is to show how we plan the design and development of MOT and the well-known system
AHA! (Adaptive Hypermedia Architecture), developed at the Technical University of Eindhoven since 1996. We aim especially
at the integration with AHA! 2.0. Although AHA! 2.0 represents a progress when compared to the previous versions, a lot of
adaptive features that are described by the LAOS and the adaptation granulation model and that are being implemented into MOT
are not yet (directly) available. So therefore AHA! can benefit from MOT. On the other hand, AHA! offers a running platform for
the adaptation engine, which can benefit MOT in return.
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1 LAOS authoring model

Now-a-days there are many options available for Web authoring, such as transferring materials 'by-hand'
directly on-line in HTML, XML, GIF, JPG, Flash, etc. formats or by using authoring tools such as WCB, Topclass,
WebCT, CyberProf, Instructional Toolkit, Blackboard. However, in order to use the full power of the Internet
telecommunication network, but not to loose the 'human touch' of the classroom setting, two possibilities for on-line
courses appear:
 one is on-line collaboration (Cristea et al., 2002), and the other one
 the combination of ITS and adaptive hypermedia techniques for user customization (Brusilovsky, 2001; Cristea et

al., 2002; De Bra et al., 2002) of the environment.
Ideally, a combination of the above would be best, with special focus on pedagogical validity of the choices

and combinations. However, tools for constructing such an environment practically don't exist (Brusilovsky, 2001)
and to build everything from scratch is very difficult (Cristea & Aroyo, 2002).

In adaptive on-line courseware, adaptivity and adaptation are reflected in the different presentation ways
and orders in which the study material can be delivered to the different students. In order to ensure the possibility of
creating these various presentation ways and interaction possibilities, the basic material that supports the adaptive
presentation has to present alternatives. Simplifying, one can say that the more alternatives there are, the higher the
potential adaptation degree will be. However, this creation of multiple alternatives can be extremely time-consuming
(Cristea & Aroyo, 2002). Therefore, we can infer that an adaptive hypermedia author would need a lot of system
support to be able to populate all the different alternatives in their respective representation with the corresponding
information. I.e., automatic authoring techniques, actually automatic transformation (and interpretation) rules between
the different layers of the model, are necessary. We can resume the problems that explain the current lack of wide
usage of adaptive hypermedia systems in education (as well as other domains) as corresponding to the list in Table 1.

LAOS is a generalized model for generic adaptive hypermedia authoring, based on the AHAM model (Wu,
2002) that tries to alleviate these problems. First thing one notices when comparing LAOS to AHAM is that LAOS has
an extra layer. The idea of introducing this layer is based on the book-course or book-presentation metaphor: generally
speaking, when making a presentation, be it on the Web or not, we base this presentation on one or more references.
Simplifying, a presentation is based on one or more books. With this in mind it is obvious why we cannot jump from
the domain model to the adaptation model (or user model): it would be equivalent to skip the presentation and just tell
the user to read the book. In other words, the search space is too big and there is a too high degree of generality (no
purposeful orientation of the initial material - i.e., book). Therefore, what we need is an intermediate authoring step
that is goal and constraints related: goals to give a focused presentation, and constraints to limit the space of the search.
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Thus, we can consider the goal as being a specific end-state, and the constraints to be defined as sub-layers of the goal
and constraints model, where the goal and constraints model is a multiple sub-layer model).

Table 1. Why AHS are not so popular yet.
complexity of authoring task
absence of good authoring tools (related to the first issue)
difficulty in re-usage (due to grain-size, meta-data annotation, ontology compatibility problems)
absence of expressive structural overview possibility (also expressed as domain-dependence, mixture of

different grain-size structures, absence of relevant meta-data)
complicated adaptation model (no overview possible, similar to above, lack of different level views on

adaptation goals and methods)
possibility of gradual, iterative extension not developed (again, due to lack of overview,

domain-dependence, etc.)
possibility of authoring cooperation not really taken into consideration
lack of standardization of adaptive behaviour in adaptive (educational) hypermedia (i.e., many authors

use similar techniques, but because of the lack of standardization, everybody has to invent everything
from scratch, and reuse is minimized up to non-existence).

Therefore, LAOS extends AHAM (Wu, 2002) and contains the five layers presented in Table 2.

Table 2. The five layers of the LAOS model.

Domain Model (DM)
Goal and Constraints Model (GM)
User Model (UM)
Adaptation Model (AM)
Presentation Model (PM)

The authoring steps of adaptive hypermedia with the LAOS model are as follows:

Table 3. Authoring steps in the LAOS model.
STEP 1 write concepts and concept hierarchy
STEP 2 define concept attributes (define main and extra attributes)
STEP 3 fill concept attributes (write contents)
STEP 4 add content related adaptive features regarding goal and constraints model (design

alternatives - AND, OR, weights, etc.)
STEP 5 add user model related features (simplest way, tables as in AHAM (Wu, 2002), with

attribute-value pairs for the user-related entities, but a more complex user model is
allowed as described in (Cristea & Kinshuk, 2003).

STEP 6 decide among adaptation strategies, write in adaptation language medium-level
adaptation rules (such as defined in (Calvi & Cristea, 2002) or give the complete set of low
level adaptation rules (Cristea & Calvi, 2003) (such as condition-action (CA) (Wu, 2002)
or IF-THEN rules).

STEP 7 define format (presentation means-related; define chapters)
STEP 8 add adaptive features regarding presentation means (define variable page lengths,

variables for figure display, formats, synchronizations points (SMIL), etc.).

2 LAG

Adaptive features that have been successfully introduced and implemented until now are often too fine
grained, and an author easily looses the overview. Even more dangerous are combinations of fine and course grained
implementations, where the overview is easily lost, without a proper structure.

A three-layer model and classification method for adaptive techniques has been proposed in (Cristea & De
Bra, 2002) and developed in (Cristea & Calvi, 2003): direct adaptation rules, adaptation language and adaptation
strategies. This model represents the dynamic part of the adaptive hypermedia model and comes to complement
LAOS, the static model. The benefits of this model are threefold:
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 the granulation level of authoring of adaptive hypermedia can be precisely established, and authors therefore can
work at the most suitable level for them. For example, 'beginner' authors can directly refer to high level adaptation
strategies, letting the system do the rest automatically for them, whereas more experienced authors would want to
use adaptation language to modify strategies or to build new ones, or even to use the classical direct adaptation
techniques (that can be expressed as condition-action rules). Moreover, such issues as termination (e.g., infinite
loops prevention) and confluence (e.g., prevention of order of rule execution influencing the outcome) aims can
be taken out of the hands of the author, especially at the adaptive strategy level usage (where everything is
predefined).

 moreover, this is a step towards standardization of adaptive techniques, especially by grouping them into a
higher-level adaptation language or strategies. In this way, not only adaptive hypermedia authoring, but also
adaptive techniques exchange between adaptive applications can be enabled.

 Finally, especially for the educational domain, the 'missing link' between the adaptive hypermedia systems and its
educational purpose can be made explicit, as adaptive strategies can be directly connected to educational and
pedagogical strategies.

More details on the LAG model, i.e., the definition of a medium level adaptation language and some
examples of adaptation strategies, corresponding to educational (pedagogic) strategies can be found in (Cristea &
Calvi, 2003).

3 The sources to merge

3.1 MOT: My Online Teacher

MOT is an AHS web authoring environment, constructed based on MyET (Cristea et al., 2000) and on the
three-layer model for authoring adaptation, as introduced in (Cristea & De Bra, 2002), basically containing a
conceptual hierarchical layer (of atomic and composite concepts, built of a number of attributes), a lesson layer,
dealing with alternative presentation of contents at attribute level or above, and a third layer of student adaptation and
presentation adaptation. This structure is in conformity with the requirements of W3C towards the third generation
Web, called the Semantic Web (Berner-Lee, 1998). MOT is now being further developed according to the flexible
LAOS (Cristea & de Mooij, 2003b) five-layer adaptation model for adaptive hypermedia and adaptive web-material,
containing a domain -, goal -, user -, adaptation – and presentation model. The adaptation itself follows a three-layer
granularity structure, figuring direct adaptation techniques and rules, an adaptation language and adaptation strategies.

MOT is gradually implementing the ideas and definitions introduced by LAOS and LAG. MOT can
demonstrate at present the ideas of separating domain model and goal and constraints model, as well as some of the
ideas on automatic authoring (specifically, automatic generation of links within the concept domain model and
automatic generation of an instance of the goal and constraints model from an instance of the domain model).

Finally, MOT is going to make the connection to AHA!, to allow to implement LAOS and LAG flexibility
into the AHA! system.

3.2 AHA!: Adaptive Hypermedia Architecture

AHA! is a general-purpose adaptive Web-based engine, first created as a simple support engine for adaptive
on-line courses (De Bra & Calvi, 1998; De Bra & Ruiter, 2001). AHA! was studied and experimented with over the
years, so it offers some stability guaranties. AHA! provides two kinds of adaptation: fragments of a page can be
conditionally included or excluded, and links can be conditionally hidden or presented in a different colour. AHA! 2.0,
the current version, shows more versatile structures for the user model and concepts. However, AHA! still uses a
combined domain/adaptation model to indicate how concepts relate to each other and how the system should update
the user model.

Although AHA! 2.0 represents a progress when compared to the previous versions, a lot of adaptive features
that are described by the LAOS and the adaptation granulation model and that are being implemented into MOT are
not yet (directly) available. So therefore AHA! can benefit from MOT. On the other hand, AHA! offers a running
platform for the adaptation engine, which can benefit MOT in return.
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4. URD for MOT extension

As stated, in the case of MOT, we are planning to use as adaptation engine the one of the famous
AHA!-system, version 2.0. With this goal in mind, we have constructed a URD (user requirements document) for
specifying the way in which MOT is going to be extended.

Table 4. General Requirements.
1. Further development of the existing MOT system, based on the continued implementation of the

LAOS 5-layer-model. It will stay a web application (MOT works with Apache 1.3.20; ActiveState
ActivePerl Build 626 v.5.6.1; Java 1.4.0.); the existing pieces (MyET and MOT) should be merged
together.

2. User models, concept maps, lessons, adaptation rules, etc. will be stored in a (MySQL) database.
Specifically, issues such as security and scalability should be considered to organize the database in
a better manner.

3. Multimedia contents should also be made explicitely available (till now it was left as textual pointers
– http addresses – to the figure/video/flash/etc/, but maybe a special attribute should be added to the
concept (as in MyET (Cristea et al., 2000)), or another solution should be sought.

4. Connection with the AHA!-system. For our Adaptation Model, we can consult AHAM (Wu, 2002).
The Adaptation Engine of AHA! should be able to present the lessons constructed in MOT.

At the moment, there are two kinds of teachers that can use MOT, but they can be one and the same person:
the teacher who provides information (text, audio, video, etc.) through the creation and manipulation of concept maps,
and the teacher that constructs lessons out of concept attributes of existing concept maps. In fact, each layer in the
LAOS model can be created by a different person. The result is then a collaborative work. We can divide the following
requirements induced by teachers’ needs as follows in table 5.

Table 5. Teacher Requirements.
Providing information
1. The information that a teacher provides to the system should be safe in a sense that only the teacher
who provided it can manipulate the concept maps he created (except that other teachers are allowed to link to
that information, or copy it (but then the correct references should be made)). So the accounts that teachers
have in MOT should be secured.
2. The calculation and suggestion of ‘relatedness’ relations between concept attributes should be
improved. Also, the presentation of related concept attributes may be improved.
Constructing Lessons
1. Again, the lessons a teacher constructed should be safe in a sense that no other teacher can make
changes to it (except that other teachers are allowed to link to that information, or copy it (but then the correct
references should be made)). So the accounts that teachers have in MOT should be secured.
2. In the current system, a teacher can use information provided by another teacher in a course of his
own, but he has to create a concept map for himself and link to the wanted information, followed by the
conversion to a lesson. It would be interesting to have the option to make your concept maps public, such that
other teachers can construct courses of it directly, but with the correct references to the author of the
information.
3. In the current system, a lesson has a hierarchical structure, in which the teacher can add and remove
sub-lessons. The only other directives a teacher can put in his course, are weighted alternatives (‘OR’) or
lesson-parts that will all be presented to the student in a given order (‘AND’). The intention of MOT is to be
able to create adaptive hypermedia. Therefore, a teacher should have the option to let MOT do a minimal
automatic generation of adaptive documents and a teacher should be able to put directives in his course
manually that make it adaptive:
3.1. There should be a tool for the automatic generation of lessons (like the already existing tool), but
with minimal proper adaptation abilities according to design goals provided by the teacher. This tool can be
based on the existing one and on the different tools present in AHA!
3.2. There should be a tool that allows teachers to put adaptive directives in their courses manually. The
teacher will use a High Level Adaptation Language that has to be designed for this purpose (see LAG). This
will be translated by MOT to an intermediate form, from which Condition-Action rules or If-Then rules are
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deduced, that can be interpreted by the AHA! engine.
3.3. Once a teacher has constructed such an adaptive course, teachers should be able to view (parts of)
their course with/ without the adaptive directives beside it, to see if everything is the way they wanted it (i.e.,
parts or integrated views of the DM, GM, AM, UM, PM). If not, they should be able to change things. A tool
for this viewing could should be developed (e.g., with some extra functionality of verification: the system
could look for properties of termination and confluence, such that no unexpected behaviour turns up when
students take the course online).
3.4. The link-suggestion based on ‘relatedness’ relations should stay included in the tools described
above, but may be improved upon.

A student takes a course constructed with MOT by browsing through it (hence, it should be a web
application). He may or may not be aware of the fact that the provided hypermedia is adaptive. Actually, Really
<good> adaptive hypermedia courseware should basically give the impression of a linear course that is ‘perfect’ for
the current user (given student). This is especially useful when we talk about beginner level students. However note
that more advanced students might want to have more insight into their choices and make them themselves. This is
what is called the balance between adaptivity (system decides what’s good for you) and adaptability (you tune your
own parameters by hand).

Table 6. Student Requirements.
1. The student has to log into the system that will run on the AHA! Adaptation Engine, to be able to maintain
a user model of him/her. Therefore, a student has to register first. His/her user model will be stored in the
database.
2. Presentation of the courses is important, but not within the scope of this work. The presentation should be
done by the AHA! engine, so the presentation choices should be left to the latter.

As it is the intention to use the AE of AHA! v.2.0 for the constructed lessons/courses, there are some
requirements induced by the connection to the AHA! adaptation engine (AE).

Table 7. AHA! Requirements.
1. All elements of the LAOS model represented in MOT (that are used by the AE) should be broken down to
a language that is interpretable by the AE.
2. There should be some bridging between AHA! and MOT, as it would be easier to use but 1 database.
Because the format of the MOT-database and the one that AHA! expects are slightly different, some
conversions are needed.

5 Transformation from MOT into AHA!

The transformation of the AHS data stored by MOT into AHA! should follow the LAOS model. In the
following, we will sketch these transformations for each layer in particular. Please note that this is an input oriented
presentation. We will discuss for each of these inputs what the AHA! engine output would look like (corresponding to
the expected output for this particular engine). Also note that some of the expressivity of MOT can be lost during the
transfer into AHA!, as the final system sets the constraints on the expression possibilities. The issue becomes then how
to tackle this problem.

5.1 Transformation of DM layer

The DM (domain model) layer in MOT (conform to the LAOS model) contains a hierarchy of concepts and
their respective attributes. Moreover, the DM contains (typed, weighted) relations between the concepts, other than
the hierarchical ones.

Elements of the DM can be implied in adaptation, only in the special case in which more information than is
present in the GM is sought. There are two cases in which this can happen: attributes from the DM have to be used to
be displayed, or relations in the DM are used (e.g., for search of related issues).

AHA 2.0 only knows how to handle conditional inclusion of fragments, which are parts of an (xhtml) page.
Therefore, the (xhtml) pages have to be generated for the AHA 2.0 engine. If some attribute of some concept will
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appear in more than one condition, it will have to be pasted as a conditional fragment in each of the (xhtml) pages in
which it could appear (so, we will be obliged to input some redundancy).

The relations within the DM layer have no real equivalent at the moment in AHA 2.0 (except the hierarchical
relationships). They would have to be interpreted as in section 5.4.

5.2 Transformation of GM layer

The GM (goal and constrains model – previous lesson model) has similar elements to the DM, so similar
transformations can be expected. One major difference is determined by the (weighted) AND-OR relations, which can
be directly interpreted as prerequisite relations, allowed by the AHA! engine. Please note, however, that they can just
as well be interpreted by a higher-level adaptation strategy as something else, e.g., as knowledge updates. Again, these
relations would have to be translated into (xhtml) pages that AHA! understands.

5.3 Transformation of UM layer

This layer has not yet been implemented in MOT. In (Cristea & Kinshuk , 2003) a possible UM is given.
These values will have to be mapped on the values that AHA! v.2.0 allows, i.e., access, knowledge, interest,
suitability, visited.

5.4 Transformation of AM layer

The rules of the lowest adaptation level (If-Then rules) will be stored in MOT in a MySQL database, for
flexibility and easy extensibility purposes. Out of these, the interface to AHA! will have to generate xhtml rules, of the
two types that are known to the AHA! engine: knowledge updates and prerequisite relationships.

5.5 Transformation of PM layer

The presentation issues will be left for the AHA! engine to decide. The current developments of MOT do not
include presentation layer aspects.

6 Discussion, Conclusions and Further Steps

This paper starts by briefly presenting MOT, an AHS authoring system, in the context of its theoretical
background based on LAOS, a five-layer AHS authoring model, and LAG, a three-layer representation of adaptive
behaviour. The focus of this paper is to integrate MOT with the AHA! system, an adaptive hypermedia system (and
especially for our purposes, engine) tested over many generations.

As previously mentioned, we do not expect the transfer from the MOT system into the AHA! system to be
totally without any problems. Beside the implementation and technical problems, one of the main issues is how to
keep the MOT expressivity and still obtain the translation into the very famous AHA! format.

One possible solution is to generate multiple AHA! presentations, depending on some initial triggers in
MOT. Another possibility is to respond with custom generation of AHA! compatible format. Then, however, the
problem is shifted towards translating the AHA! events into MOT events and back. In short, there are two major
options:
 when a teacher composes a lesson out of a concept map, there is a routine that writes all the necessary data into the

appropriate tables of the AHA! database; the AHA!-engine does the rest. But then we are duplicating data, and
large amounts of data are involved.

 when a teacher composes a lesson, it is just recorded in the MOT database, and there is an interface between the
AHA!-engine and this database, such that for the engine, it looks like it is performing its tasks on its own database.

Moreover, another important issue is that AHA! itself is developing. While the transformation will aim at the
(current) AHA! 2.0, the interface development has to keep in mind possible further developments of AHA!, that will
allow more expressivity, but, unfortunately, will generate also more complexity.
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