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In this paper the Adaptive Learning Environment Framework is presented. This
Framework allows to re-use, combine, and improve existing learning systems or
knowledge-databases and equip the resulting meta-learning environment with a
new advanced user interface. Especially the last mentioned feature supports a
completely new way to learn different materials from different sources without
having to switch between systems. The introduction of an abstraction layer
between different learning environments and the introduction of different views
on the contained learning material allows to combine, extend, and improve
available learning systems easily.
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1 Motivation

Different learning environments offer different ways to visualize the information
and also different functionality (e.g. add annotations, communicate with other
students, ...), but views, functionality, and data usually are tightly coupled.
This implies that people using more than one learning system have to adopt to
different user interfaces, a fact that does slow down learning speed a lot. As can
also be seen in the classical learning environment (table, books, paper, pencil)
any minor changes in the environment very often have a negative impact on the
learning quality and so on the learning speed. Once the learning environment
(the table) suits perfectly for a student, only the learning material (the books)
and the used tools (preferred pencil, ruler, or calculator) are subject to change.

Today’s world of computer based learning environments consists of various sys-
tems that are mostly incompatible with each other. There exist products offering
a broad range of high quality information, but they come along with a poor user
interface, others try to impress the user with a fully featured user interface, but
lack sophisticated material or lack needed functionality. Some programs use a
local database (e.g. on a CD-ROM) to retrieve their lessons, others use the
world-wide-web as a source for information and for communication with other
users.

Neither of these ways leads to a perfect solution concerning transfer speed,
actuality of the material or the way information is presented. Additionally,
the majority of learning systems are incapable of using information prepared
for other systems, either because they do not understand the data format or
because they are incapable to use the appropriate communication protocols.



A system that allows to combine different electronic learning systems and that
also allows to use the superset of their features, thus extending it with additional
functionality (e.g. the ability to add annotations to the learning material), could
increase the quality of the learning process enormously.

In the following sections, we will introduce the Adaptive Learning Environment
Framework, a library that allows to create such a system easily by making the
needed technology available in a component-based way.

2 System Requirements

Usually learning systems are very hard to extend, as the learning material is
tightly coupled to the view on the data. The classical method to overcome
this problem is to split up data, view and functionality (Model-View-Controller
design pattern [1, 5]). This is also the first and most important requirement of
the described framework: provide a modular, component-based architecture that
makes it easy to create an adaptive learning environment.

These modules should allow to re-use data from already available learning en-
vironments (e.g. Gentle Web-Based-Training [6], Dictionaries, ...). As much
material as possible should be extracted from the learning systems, so the user
must not loose any information in comparison to the usage of the ’original’
system. Also the systems’ functionality must be made available to the newly
created environment. If someone is used to the annotation mechanism in e.g.
the Gentle-Web Based Training environment, this functionality must also be
available when the Gentle System is “re-used” by the Adaptive Learning Envi-
ronment Framework.

Separation of material, representation, and functionality offers great possibili-
ties:

It allows us to create a superset of informations: Imagine having different learn-
ing systems available, each of them representing a specific subject. Take the
following information systems as an example:

e A CD-ROM about World War Two, including historic images and reports.

e A geographical information system that publishes maps and additional in-
formations from all over the world. This material is accessible via Internet
and a Web browser only.

Both systems work independently from the other. But only a combination of
these two information sources allows the users to get a deeper understanding
of the facts and figures of each system: the CD-ROM supplies the user with
images and films that would otherwise overstress the bandwidth of an Internet
connection, while the online system supports current information about the
areas presented on the CD-ROM during war time. This example shows that
even the sources containing the learning material might be distributed across a
network.

Merging of only two related materials shows, how a simple combination of two
systems, even without adding any functionality, offers new advantages for stu-



dents. The technique can also be used to improve existing systems and supply
them with new functionality that wasn’t previously foreseen. Once a module is
created that is e.g. able to handle annotations or allow online discussion with
other students, all participating learning systems benefit from this functionality.

Getting the ability to merge independent learning material and add some useful
functionality is only one half of the requirement. The interface that the user is
confronted with, is at least as important as the contained material, as a good
human computer interface optimizes the learning effort [9, 8].

We use the term view to describe the (mostly visual) appearance of the learning
material. This appearance depends on various factors, e.g.

e the output device the user works with
e the environment the user works in

e the role, the user plays (student, administrator, instructor, ...)

More characteristics could be listed, but for the moment let us concentrate on
the ones mentioned above. Please see section 4 for a more complete and detailed
list of factors.

According to the Model-View-Controller design, the view on the information
must be decoupled from the data-model. This implies that there may exist dif-
ferent views for the same content. The task to create a view for e.g. the output
device “Web browser” implies that the learning material has to be converted to
HTML (or any other format that the web-browser is able to display) and then
has to be provided via a web-server.

The fact that different users play different roles in connection with the learning
material implies that different roles have different access rights to the informa-
tion. Even if the data source does not provide an access control system, it must
be guaranteed that only users with sufficient rights may edit/change/delete the
educational or administrative data.

These system requirements lead us to the following concept of the Adaptive
Learning Environment Framework.

3 Concept

The facts that the Adaptive Learning Environment Framework has to be mod-
ular, has to decouple data source(s) from view(s), and may add functionality to
the underlying learning systems (see section 2) results in a middleware design
approach: Figure 1 illustrates how the framework is put in between the data
source containing learning material and views that are used to work with the
information.

The Dinopolis [3] framework, which is being developed on the IICM provides
such a generic framework [2]. It allows the integration of various types of
databases or applications and is able to provide the content in a highly dynamic



Different Views on the Material
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Figure 1: Adaptive Learning Environment Framework: a layer is put in between the
data sources containing learning material and the views that are used to work with the
information. Data flows from one or more material sources to one or more destination
views.

way to a broad range of clients/views. The integration of learning material is
one special application of the general concept of Dinopolis.

Integration of any kind of data sources was one of the main issues for the
Dinopolis framework, but this is out of scope of this paper. Our main concern
in this work is to show some aspects on how the integrated material is 'repub-
lished’” by use of different views (section 4). Nevertheless we will give a short
overview of other features that are involved in creating learning environments
with the use of Dinopolis:

e The internal document model of Dinopolis follows the Document Object
Model (DOM) specification of the W3C [10]. DOM is used as a mediator
between different document formats. As DOM is a widely accepted indus-
try standard, support for a broad range of document formats is available.

e The security model of Dinopolis allows very fine-grained restrictions of
user access rights [7], so roles like administrator, student, instructor, or
candidate for exams are easily adaptable.

e The usage of the Dinopolis framework allows to connect more than one
Dinopolis system in a peer-to-peer network. The middleware layer encap-
sulates all network-specific operations so every system is able to retrieve
the content from the remote Dinopolis system transparently.

This modular concept of the framework makes it possible to highly customize
and personalize the appearance of the used material. These modules called
views are described in the following section.

4 Views

A wiew is responsible for giving a visual and logical representation of the learn-
ing material. It is completely decoupled from the actual information, so it may



be (re)used independently from the information stored in the learning environ-
ments. A default view on the course material is usually created by the instructor
or the administrator where in principle the sources of the course material are
selected and positioned on the screen in an easy-to-handle way. Since we do
not assume that the users of the system are computer-experts, there must be
an easy-to-use interface to define such a view.

The selected source can also depend on system or environment parameters. We
mentioned the ability to use different kinds of information sources. It is not
suitable if the system always tries to deliver the same kind of data source. To
make this fact clearer, assume you are consuming a fully featured multimedia-
supported course. If you have a computer with a sound device, it makes sense to
transfer the sound files. On the other hand, if you are using a small PDA (per-
sonal digital assistant) without any sound device, it doesn’t make any sense to
transfer the sound files, because the device is incapable to play the sound. There
are other parameters described below which influence the kind of information
source.

Due to the individual style of learning it is absolutely necessary that such a
default view is completely personalizeable. Not just the colors [4] and the style
of the displayed text should be modifiable, but also the position of the different
kinds of content of a course (navigation bar, the links to the background library,
links to the used tools, the content itself etc.) must be exchangeable. This view
— other systems call it “personal workspace”, “personal environment” etc. —
must also be applicable to other courses. As an example: If somebody is used
to having the navigation bar on the bottom of the screen, the navigation bar
must remain there in all enrolled courses. It is clear, that the position of such
an element can be changed either for all courses or just for one specific course.

The view might not just depend on the personal preferences and the system
parameters, but also on the role the user currently has in the system. As another
example let us consider a person preparing some course material (usually, but
not limited to, the instructor). After adding and selecting the sources of the
course the user might switch to the role of a student to have a look at the newly
created course. It is obvious that the available tools change, depending on the
user’s role.

Let us now consider some circumstances where it is necessary to change the
view on the learning material. Take a fully featured multi-media course using
different sources of information (integrating online and offline systems), different
levels of detail (overviews but also information for specialists), etc.

transfer speed: Since we are working in a network environment, transfer speed
is a big issue. The higher the available bandwidth, the higher the quality
of e.g. the displayed images might be. But also the latency accepted by
users must be taken into account. If users need the best available quality
of images and accept some seconds for retrieving the files, the system must
deliver these files. If users on the other hand don’t want to wait for more
than two seconds for a certain image to be displayed, the system has to
select an appropriate lower-resolution image file. If the appropriate image
file is not available, the system may convert the image to a matching image
on the fly.



output device: Several output devices may be used for consuming a prepared

course. Workstations, laptops, terminals, PDAs etc. which are connected
to the used network are able to be used as browser-platforms for the
system. As a simple terminal is not able to display images, why should
the client on a terminal request them? This makes it clear that also the
type of the output device must be considered when delivering information.

available sources: We mentioned the online- and offline systems and a combi-

nation of those, the hybrid systems using both technologies. If the user is
using a computer with the appropriate CD-ROM in the drive, the system
might deliver a high-quality movie on request. If on the other hand the
CD-ROM is not in the drive, the system has to use the online system to
retrieve the movie. In this case also the available transfer speed has to
be taken into account and it might happen, that not a movie, but some
images are shown on the client instead.

consuming environment: Considering the environment might be a bit con-

level

role:

fusing. But after the following example it should be clear, that also the
environment where the course is consumed must be considered by the sys-
tem. Since laptops are getting cheaper and also smaller, they can be used
almost anywhere. Not just in the office or in the home office, but also in
subways, in trams, in the park etc. It’s clear that you might not want the
system to play sound-files, disturbing your neighbors when you are on the
bus. Of course you could switch off the sound device, but the sound-files
would also allocate some bandwidth and reduce the overall transfer speed
of the material.

of knowledge: Depending on their actual knowledge of the learning ma-
terial the users might not need every basic explanation on the topic of the
course. In this case a special hyperlink that leads to the necessary in-
formation in a background library might be the solution to the problem.
On the other hand, if you are new to the topic, you might want that the
explanation for a term is displayed directly on the screen after the first
occurrence of that term.

We already mentioned different roles when consuming a course. There
might not just be an instructor and some students but also separate ad-
ministrators or other roles. A typical task of an instructor is creating
courses by reusing already existing material or maybe even start from
scratch. A student might also create course material, but surly is not
involved in administrating user accounts. The student may also be in the
role of a candidate for an exam and may fill out an examination in a lim-
ited amount of time. A pure administrator may not create courses but
may consume information provided by the system.

desired level of detail: The system should also consider the level of the de-

sired detail set by the user. It makes a difference if the user wants to know
something about a particular topic just as a hobby, or for profession. It
must be possible to switch between different levels in one learning session.

personal preferences: It is an obvious fact, that some users prefer different

fonts, colors etc. Also the position of e.g. the navigation bar, the content



window/frame etc. depends on a unique personal learning style. Since it
is possible that a user is using the environment on different output devices,
it must be possible, that the personal preferences are accessible from every
device.

As one can see, there are many different circumstances that can be taken into
account when visualizing learning material. Due to the concept of the Adap-
tive Learning Environment Framework it is possible to consider these different
aspects on every integrated existing learning environment.

5 Conclusion

The Adaptive Learning Environment Framework presented in this paper is a
powerful tool to add a surplus value to existing learning systems and to reduce
the burden on students to get used to new interfaces to the material with every
virtual class they enroll. Additional features relieve all participating persons,
including the tasks of administration and preparation of courses.

It is obvious that the integration of different learning systems may be a very
complex task, but the modular structure of Dinopolis including the internal
document model is a powerful tool the learning community will not want to
miss in the near future.
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