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PaccmoTpensl qBa BapHaHTa (JOpMHpPOBAHHS BOIPOCOB, B mepsoM ciyuyae Ha
Web-cTpaHHue NPHBOJHMTCA BOIPOC U HECKONBKO BAapHaHTOB OTBeTa. CTyacHT
JAOXCH BBECTH HOMED IPaBHIIBHOTO OTBeTa. Bo BropoM cmydae Ha Web-cTpaHume
OJHOBPEMEHHO OTOGPAkACTCS HECKONBKO BOIPOCOB MO OLHOM TeMe M MPHBOAHTCA
COBOKYIIHOCTE OTBETOB HA BCC 3TH BOMPOCHI. CTy,E[éHT AOJDKCH AJIA KAXKOIOTO BOIIPOCA
BeIOpare nmoaxoxamuit otseT. CryacHT nepegaeT HAa CepBEp UMCIOBOM KOA,
BKTIOYAIOIIHE HOMEPA BOMPOCOB H HOMEPA COOTBETCTBYIOHX MM OTBETOB.
ITpeHMy IECTBO ITOr0 MOAXOAA: HA JKPAHE HET MHIIHEH WHOOPMALMH, T.K. KAKIBLH
H3 MPHBEACHHBIX OTBETOB COOTBETCTBYET OAHOMY K3 IOCTABICHHBIX BOIPOCOB.
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Abstract. B joxiaje paccMaTpuBaeTcS KpYT BOHpPOCOB, CBA3AHHBIX ¢ IPUMEHEHUEM
aJIaITTUBHBIX THIIEpMEeAMa-CHCTEM B IIpoLecce AUCTaHIHOHHOTo oOyderus. Toa rumepMenua-
CHCTEMaMM B JOKJ&JC [0Jpa3yMeBAlOTCHA IpOrpaMMHbie CHCTEMBI, couerarolmme B cebe
CBOUCTBa THIIEPTEKCTOBBIX CHUCTEM C OJlIEMEHTAMH MyJIbTHMEIHa M MHTCILIEKTYalbHBIX
obyuaronmix cucreM. [IpuBesiena CTPYKTypa M KilaccMUKaIms afallTHBHBIX TMIEpMeEnua-
CHCTECM, JaH CIHCOK TpeCOBaHMil, KOTOPHM JOIDKHEl YZOBICTBODSTh  aJAIITUBHBIC
THIIEPME/MA-CHCTEME], OPHEHTHPOBAHHbIE Ha HCTIOMb30BaHUE [IPH TUCTAHIMOHHOM 00y YEHHH.

Introduction

The realization of distance learning technology requires creation of virtual learning
environments, The virtual learning environments benefit from a strong background in
educational theory. Simply reproducing conventional teaching and learning concepts
in a virtual learning environment does not utilize these new technologies. In distance
learning a student uses the information from the distance learning course on his own.
Thus, it is important to think about useful teaching strategies to encourage a learner to
learn actively and not only to read or "consume" passively the information. For this
purpose, we propose to use adaptive hypermedia system (AHS), based on
constructivist learning strategies. In this way it is possible to integrate problems or
"real world tasks" in the curriculum of the distance learning courses, and to structure
the distance learning course based on projects and their relationship to information
pages. Learners can reach learning goals or can receive answers to information
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requests while working on these problems, which introduce, explain and show the use
of the learning items.

A definition of adaptive hypermedia system

Let’s make a definition of AHS. To define the hypermedia system, we need to give a
definition of hypertext first.

Definition 1. A hypertext is a set of nodes of text which are connected by
links. Each node contains some amount of information (text) and a number of links to
other nodes [1].

Definition 2. A hypermedia is an extension of hypertext which makes use
of multiple forms of media, such as text, video, audio, graphics, etc [2].

An AHS enlarges the functionality of a hypermedia system. The aim of these
systems is to personalize hypermedia systems to the individual users. Thus, each user
has an individual view and individual navigational possibilities for working with the
hypermedia system. An AHS combines ideas from hypermedia systems and ideas
from intelligent tutoring systems. It belongs to the group of user adaptive systems,
which are, for example, user adaptive interfaces or user model based interfaces.

AHS use a model of the user to collect information about his knowledge,
goals, experience, etc., to adapt the content and the navigational structure. Let us have
a look at an example. For a user with little knowledge it might be useful to read more
introductory information before going into detail. However, the same information
would not be so interesting for an expert. Here, the choice of the right information at
the right time is the task of the user model. To give another example, a tourist
information system should consider the abilities and disabilities of its users. If a
handicapped user requires the opening hours of the city hall, the system's return
should also contain hints to the next parking possibility for handicapped people or to
the next public transport station, information about the entrance, etc.

Adaptation of hypermedia systems is also an attempt to overcome the "lost
in hyperspace problem”. The user's goals and knowledge can be used for limiting the
number of available links in a hypermedia system.

For a definition of AHS, we follow the proposal of P. Brusilovsky [3].

Definition 3. By adaptive hypermedia systems we mean all hypertext and
hypermedia systems which reflect some features of the user in the user model and
apply this model to adapt various visible aspects of the system to the user.

The application of AHS for distance learning

The support of adaptive methods in hypermedia systems is advantageous if there is
one common system which serves many users with different goals, knowledge, and
experience, and if the underlying hyperspace is relatively large [3]. In the paper we
will consider an application of AHS for distance learning where the user or student
has a certain learning goal (which also might be an overall learning goal). In these
systems, the focus is on the knowledge of the students, which might vary enormously.
The knowledge state changes during the work with the system. Thus, a correct
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modeling of changing knowledge, a proper updating, and the ability to make the right
conclusions on base of the updated knowledge estimations are the critical part in an
educational hypermedia system.

Other applications are online information systems, or, more particular,
online help systems. Online information systems are, for example, electronic
encyclopedias, document stores, or tourist guides. To select the right information for
users with different background or knowledge, these systems also need a model of the
user's knowledge. Also the context in which the user requires information from the
system is important here: for a quick reference, for elaborating a presentation, or for
refreshing knowledge. Online help systems take particular system environments into
account, for example the location from which they have been launched (context
sensitive help systems).

An AHS collects information about users. On base of these individual
characteristics, it adapts its content and navigational possibilities to the particular user
(see Fig. 1).

Data about user Update N
Hypermedia Requests Adaptation User
System of the user Component Model
Adaptation Get current
results knowledge

Fig. 1. Structure of an adaptive hypermedia system

A user model stores information about the individual user. We can
distinguish two main types of user modeling techniques: overlay modeling and
stereotype user modeling.

By overlay modeling [4], the user's state of knowledge is described as a
subset of the expert's knowledge of the domain, hence the term "overlay". Student's
lack of knowledge is derived by comparing it to the expert's knowledge. The critical
part of overlay modeling is to find the initial knowledge estimation. The number of
observations for estimating the knowledge sufficiently must be small. In addition, a
student's misconceptions of some knowledge concepts can not be modeled.

A stereotype user modeling approach [5] classifies users into stereotypes.
Users belonging to a certain class are assumed to have the same characteristics.
Stereotype classification can be done for each adaptation feature. When using
stereotype user modeling, the following problem can occur: the stereotypes might be
s0 specialized that they become obsolete (since they consist of at most one user), or a
user cannot be classified at all.

AHS need data for making assumptions about the user. Brusilovsky [3]
identified five features which are taken into account by existing hypermedia systems:
user's knowledge, goals, preferences, background, and experience. We claim that also
the learning speed should be taken into account.
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In currently existing AHS, the knowledge of the user is the most important
information for adaptation. Especially in educational systems, the changing of the
knowledge state of a user is a critical part for adaptation. The system always has to
update its-estimation about the user’s knowledge, and the adaptation component has to
use the actual knowledge state for making its adaptation steps.

Goals of a user depend on his current work with the hypermedia system.
Using the system as a reference book requires different adaptation than a more overall
learning goal. In educational hypermedia systems, we can distinguish two different
types of goals. On the one hand, we have the overall learning goal which stretches
over the sessions of the user with the system, on the other hand, we have the problem
solving task which might vary during a session.

Users of AHS have different preferences, for example for font types,
pictures or examples. These are characteristics which could not be estimated by the
system without any input from the users. Systems which reflect the different kinds of
preferences let their users tune these features. One can assume that preferences are
not subject of rapid change.

By a user's background we mean all experiences and knowledge of a user
which are not topic of the AHS itself. For example, programming experience in the
language Prolog could belong to the background of a user in a hypermedia system
about learning Java.

User's experience is concerned with the hypertext experience of the user. If
the user has worked with a hypermedia system before, has he also worked with an
AHS?

To our opinion user's learning speed is also an important user characteristic
for educational hypermedia systems and should be reflected. Users with different
learning preferences and different learning speed should be supported sufficiently.

So, hypermedia consists of documents which are connected by links. Thus,
there are generally two aspects which can be adapted to the users: the content
(content level adaptation), and the links (link level adaptation).

By adapting the content for a user, the document's content is tailored to the
needs of the user, for example by hiding too specialized information or by inserting
some additional explanations. According to [3], we can identify the following
methods for content level adaptation:

« additional explanations — only those parts of a document are displayed to a
user which fit to his knowledge or goal;

«  prerequisite explanations — here the user model checks the prerequisites
necessary to understand the content of the page. If the user lacks to know
some prerequisites, the corresponding information is integrated in the page;

« comparative explanations — the idea of comparative explanations is to
explain new topics by stressing their relations to known topics;

«  explanation variants — by providing different explanations for some parts of
a document, those explanations can be sefected which are most suited for the
user. This extends the method of prerequisite explanations;

« sorting — the different parts of a document are sorted according to their
relevance for the user.
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The following techniques are used for implementing the adaptation methods
[3}

conditional text — every kind of information about a knowledge concept is
broken into text parts. For each of these text parts, the required knowledge
for displaying it to the user is defined,;

stretch text — some keywords of a document can be replaced by longer
descriptions if the user's actual knowledge requires that;

page or page fragment variants — different variants of whole pages or parts of
them are stored;

frame based technique — this technique stores page and fragment variants
into concept frames. Each frame has some slots which present the page or
page fragments in a special order. Certain rules decide which slot is
presented to the user.

Content level adaptation requires sophisticated techniques for improved

presentation. The current systems using content level adaptation do so by enriching
their documents with meta information about prerequisite or required knowledge,
outcome, etc. The documents or fragments contained in these systems have to be
written more than once in order to obtain the different explanations.

By using link level adaptation, the user’s possibilities to navigate through the

hypermedia system are personalized. The following methods show examples for
adaptive navigation support:
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direct guidance —~ guide the user sequentially through the hypermedia system.
The following two methods can be distinguished:

o next best — provide a next-button to navigate through the hypertext.

o page sequencing or trails ~ generate a reading sequence through the
entire hypermedia system or through some part of it.

adaptive sorting — sort the links of a document due to their relevance for the
user:

o similarity sorting, prerequisite knowledge — the "relevance" of a link to
the user is based on the systems assumptions about the user. Some
systems sort links depending on their similarity to the present page. Or
by ordering them according to the required prerequisite knowledge.

adaptive hiding — limit the navigational possibilities by hiding links to
irrelevant information, Hiding of links can be realized by making them
unavailable or invisible.

link annotation — annotate the links to give the user hints to the content of the
pages they point to. The annotation might be text, coloring, an icon, or
dimming:

o traffic light metaphor — the traffic light metaphor is the most popular
method for link annotation, Here the educational state of a link is
estimated by the system due to the user's actual knowledge state. The
link pointing to the page is then annotated by a colored ball. A red ball
in front of a link indicates that the user lacks some knowledge for
understanding the pages; thus the page is not recommended for reading.
A yellow ball indicates links to pages that are not recommended for
reading; this recommendation is less strict than in case of a red ball. A
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green ball is in front of links which lead to recommended pages. Grey
balls give the hint that the content of the corresponding page is already
known to the user, Variants in the coloring exist.

o traffic lights and hiding — a mix of traffic light metaphor and adaptive
hiding is also used in some systems.

«  map annotation — graphical overviews or maps are adapted with some of the
above mentioned methods.

«  Techniques for link level adaptation are for example discussed in [3] and
depend on the specific system. Here the system's assumptions about the user
play an important role to decide what and how to adapt. Link level
adaptation restricts the number of links and thus the number of navigational
possibilities. 1t is useful to prevent the user from "getting lost in hyperspace”.
As in the case of content level adaptation, a description of the content of the
documents is required for implementing the adaptation tasks.

Conclusions

It is a central requirement of a constructivist teaching approach to keep the AHS as
maintainable and extendible as possible. A maintainable structure allows to integrate
the students’ results scamlessly and to keep the theoretical course materials up to date
with minimum effort. The implementation of such a sophisticated conceptual
backbone requires rigorous modeling.

We propose a conceptual modeling approach for AHS which explicitly
represents all aspects of the application domain, and access to information. For
integrating student projects into the AHS, we use the idea of portfolios. The students
demonstrate in the portfolio which concepts they have used in their course project.

Another important requirement is the information presentation in a project-
based learning approach. Since the students are supposed to work on their course
projects or on smaller projects or examples contained in the AHS, they require
information and background knowledge. Therefore it is a task of the AHS to select
and present suitable information to a user.

Since the students are working with the AHS in the internet, the integration
of useful information present in the internet into the learning material is near at hand.
The AHS should serve as an up-to-date information repository. By selecting and
annotating the information according to the student's goals and knowledge it should
support their project work.

In addition, reading sequences must be generated. They lead the student,
based on his actuali knowledge, towards the requested information, including
necessary prerequisites he actually lacks to know.

Since working on a larger project requires the definition of subprojects or
subtasks which have to be solved first, the AHS must support goal-based learning. A
user must be able to define learning goals on his own. Moreover the system must be
able to gencrate appropriate learning goals and learning steps for the user. To reach
such a (proposed or self defined) learning goal, the system should be able to find
relevant projects and examples related to the goal. Therefore, selecting algorithms
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have to be found. They should present the most suitable projects to the user which
match to his current learning goal and consider his actual knowledge.
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Abstract. The proposed textbook may be applied for various disciplines that are connected
with computer graphics. Embedded in different types of lessons algorithm models have a
number of parameters which can be adjusted. This enables to better understand the algorithm
functioning in different situations.

AKTyanbHBIM B AMCTAHUHMOHHOM OOPAa30BAHHH CTaN0 BHEAPEHHE MYJbTHMEIHHHBIX
TEXHOJOrHH B pa3iu4Hble Y4yeOHBIE KypChl, B YaCTHOCTH, B rpadmuueckue [1-4]. B
HACTOsIiceE BPEMA BECh HAKOIUICHHBIM ONBIT NO3BOMMJ CO3JATh 3IEKTPOHHBIN
y4eOHHK NO TEOPETHYECKHM OCHOBAM KOMITBIOTEPHOMH rpaduku.

I'paduka crouT Ha MepeAOBOM PyOeKe Pa3sBHTHA LK(PPOBBIX TEXHOIOTHif, HE
TOBOPSl YXKE O KOMITBIOTEPHOH TeXHHKE ¢ MOIIHOH HH(OPMALMOHHOH BCEMHPHOH
nayrusoil Internet, rae rpadudeckas wHPOpMAIMA NO CBOEMY YACIBHOMY BECY
saHmMaeT BCe Oompomiit cerMeHT. Jaxke B MOGHILHOM Tele()OHE NEPSIOBLIE MOAEIH
OCBAaHBAIOT BCC Oonee BBICOKHE ypoBuu rpaduxy, yayuinas uBcTOBOC M
IMPOCTPAHCTBEHHOE pA3peIICHHE CO34ABAagMBIX C IOMOIIBI0 BCTPOCHHBIX KAMEpP
(oTorpaduueckux ¥ gaxe BHAcOM300paKeHHit. JT0 AB/IIETCA NPUYMHOM TOTO, YTO
0a3oBblc TEOPETHYECKHE 3HAHHA MO METOJAM H AITOPHTMAM KOMIBIOTEpHOMH
rpabuku TPeOYIOTCA MHOTHM CICHMAIMCTAM H 33HHMAIOT HE MOCJICAHEE MECTO B
OporpaMMax NOATOTOBKH CIELHATHCTOB BEICHIHX yUeOHBIX 3aBEACHHMIt BCETO MHpPA.
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