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1. Introduction

The aim of this paper is to discuss the functions and tools of an open distributed
canputer enviromernt for telematics-based leaming. This enviroment is developed
under the international project ARCHIMED “Advanced Multimedia-System
Architectures and Applications for Educational Telematics™ . The research and de-
velgment activities in this project covered the folloving directions: establishing vir-
tual enviroment affecting the effectiveness of the used learming methods and sys-
tans, the design, integration and testing of telematics-based services; develogrent of
new multimedia user interfaces; development of solutions appropriate for different
user grouss, including ways of visualisation, mobility, interactivity, hypermedia or-
genisation

The folloving conclusions for the required functional ity of a computer environ-
mert for educational telematics may be dotained when analysing the educational mul-
timedia courses and the aurrent trends in educattional telematics [1, 2, 5] :

¢ The necessity of interactive use of the multimedia materials, alloving indi-
vidualised feedback and discussion.

o Extensive use of distributed multimedia resources available on WW.

o The necessity of effective student navigation according to the student”s needs
and current state of knovledge.

o The necessity for versati lity of corposition for fast update and modemisation
of educational comtent.

o The necessity of modular and open-system organisation.

o The need for intelligent assistance in information handling.

The distributed educational environment under consideration is based on con-
ceptual pedagogical model, specifying both the structure of multimedia courses and
various ways of their use (for teacher-centred or leamer—centred organisation of the

1 The work reported in this paper has been supported by the EC INCO-COPERNICUS Programme, Grant
No PL961060.
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educational processes). Many current educational projects for distributed carputer
enviroments apply the principles of constructivist pedagogy and use models, based
on the following leading ideas [3-5]:

e Leaming should be context based, i. e. leaming experiences should be
cottextualisad in authentic activities; leaming is aocquired through meking links with
existing knovledge.

o Conceptual learmiing is through active involvement: a task is understood through
participation in it

¢ Learning is through col laboration with others: sharing knovledge resolves
misunderstandings; understanding evolves from shared knowledge constructing;

¢ Learmer should have personal autonomy and control over leaming; teacher
mediation depends on needs and skills of the learmers.

o Specific conmtent and leaming outcame should not be prescribed; nultiple per-
spectives of the leaming task and different approaches to understanding are needed.

2. Archimed knowledge village and 1ts virtual spaces

The metaphor of ARCHIMED Knowledge Village (AKV) was developed to serve as
a conceptual framework for creation of distributed educational multimedia systems.
The conception of ARCHIMED Knowledge Village (AKV) is oriented towards de-
veloprent of sufficiently general and open enviromment which can receive and organ-
ise in a comprehen-sive way an open variety of courses in very different knowledge
FTields The ARCHIMED Knowledge Village may support one or more Distant Learmn-
ing Cartres providing distant leamiing courses. Distant leaming cantres orgenise leaming
activities in a given knovedge field and may be located in a partrer site or distributd
amng a set of sites.

The functions and services of AKV are organised around several virtual spaces
(Fig. 1). The decomposition to virtual spaces permits to corbine AKV functionally
related modules in groups. This decomposition facilitates AKV design and imple-
mentation as It focuses the desigrers” attention on the conmon information flov and
information structures, backed up by the AKV databases.

Services of

the AKV : [~
| }
N General services of the AKV Virtual Campus
The AKV’s students’ registration « hall »,
The AKV’s distant learning centres « hall »,
Course The AKV’s central catalogue of proposed
Handbook courses,

The AKV’s central digital library, The AKV’s

Complementary central digital mediatheque,
Information Material The AKV’s central electronic shop,
(suggested readings, ...) The AKV’s central calendar of events « kiosk »,
The students’ AKV services « house »,
Students Task Guides y ;’:g t\/el’:l;iaelr:oIleglum of AKV’s responsibles
(exercises, exams, i .
projects, -..) The AKV’s Internet services « hall ».
‘ Discussion forum of students ‘ Standard services of the ARCHIMED training
centre (event calendar, digital library, students
notebook, ...)

y

Electronic mail exchanges
with the teacher

Course specific
announcements of the teacher

Fig.- 1
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2.1. Leaming space

This space enables the learmers to do computer-assisted leaming by acoess 1o appro-
priate services viaa user-friendly interface:

o The learmer uses interactively the produced courses and coursenare modulles.
The courses are organised as applications kept in the distributed depository. During
the learmiing process ather leaming meterials fran the virtual library (or Intermet) may
be used.

o The learmer executes the tests and assessments, included in the courses as
well as personal assessmernts, assigned by the teacher. She develops projects on the
oourse materials (possibly using other materials from the virtual library).

o The learmer exchanges information (questions/results) with the other students,
executes evaluation assigments (e. g- peer review), participates in telediscussions
and evertual ly participates in sore forms of col laborative leaming.

The leamiing space integrates the educational activities of leamers and teachers/
instructors around the offered distant leaming courses. Each leamer may follow a
number of courses in AKV, but is registered onlly to a singlle distant leaming centre.
The instructors are employed by the distant leaming centre for giving courses. A
distant leaming certre can have many menbers, including learmers aswell as instruc-
tors. Leamers have 1o register to the offered courses in order to be able to follow
them.

Learmers follow courses and participate in examinations. Examination dbjects
can be individual exercises, exans, projects, etc. The learming space supports also
examination feedback. Examination feedback relates to an examination object of a
course and a learmer who has taken this examination. Examination feedback may be
achieved by the folloving elements: discussion messages, examination results, analy-
sis and suggested readings. Feedback messages can be exchanged with reference to
an examination adbject between the learmer and the instructor of the course. Bxamina—
tion resulits involhve the evaluattion marks.

Learmers also participate in groups for doing team work for a course. Leamer
grouss take part in several educational activities in the sare way as individual leam-
ers do- BExamination feedback may be addressed to leamer groups taking an examina—
tion doject

2.2 Information space

This virtual space supports the ARCHIMED Knowledge Village by providing the
various types of necessary information for the leamers and trainers. Its main part iIs
the «coursanare repository» module, containing the pedagogical resources (courses,
courseware modules and documents, used as courseware bui lding blocks) together
wi'th more detai led standardised descriptions of the documents and access param-
eters. The pedagogical resources are structured around the concept of a course, con-
sisting of coursenare elements. The major components of the repository include:

o User catalogue with descriptions of the available courseware and coursenare
elements. The descriptions are developed considering the standards of educational
metadata (IEEE LTSC Learning Object Metadata standard) and support distributed
access and retrieval of the material, availlable in AKV repository, both for leamers
and for authors of educational materials.

¢ The courseware elements, stored centrally or in a distributed way in the
coursanare database. The database permits two ways of structuring the courses: &/ as
electronic books, consisting of dhapters, sections, subsections etc. associated with
document in any format such as HTML, Word Document, PDF or any multimedia
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document format; b/ as sets of lectures, consisting of presertation slides and multi-
media material . The data model also alloas inclusion of examination material in the
courses, consisting of exercises and projects. Sinple and carplex exercises are con-
sidered, the latter category comprising multiple-choice questions, answer matching
eercisss, interactive exercises ad projects.

2.3. Teacher’s and author’s space

This virtual space supports all AKV activities of teachers and authors of multimedia
educational materials.

¢ The teachers” activities in the ARCHIMED Knowledge Village is to give and
organise courses and follow student progress. Course organisation mainly consists of
three parts: maintenance and update of general information about a course, mainte-
nance and update of the coursenare material and Final ly organisation of the course
reference material in the Distant Leaming Centre’s digital library. Other instructors”
activities include the maintenance of a public calendar of events.

¢ The teacher monitors the teaching process by offline/online connection with
the learmers of the group (e-mail, billboard) and has access to local section of the
repository with materials for finished/on-going tests, assessnents, projects. S/he hes
aocess 1o lists of students cpestlons memorised sessions of talks “advisor-student”,
memorised sessions of peer reviewing. Leamer progress follov-up includes the cor-
rection of examination material and provision of feedback on leamer activities, ant-
swering to learmer questions and overall evaluation of learmers with respect to a spe-
cificaur=e.

¢ The authors create and modify multimedia courseware, by means of the avail-
able in the environment authoring tools and using materials fron the «courseware
reposItory».

This virtual space is organised through the fol loving AKV modules:

1. The general module « virtual teacher studio » that constitutes the global
publishing, teaching and management environment for teachers, instructors and
responsibles of training oatres.

2. The « teadher”s desk » module which constitutes an « individualised inter-
Tace » for each teadher/instructor, hellping him to organise his/her teaching activities.
The teacher’s desk module is the entry point of the instructor in the distant leaming
enviroment. He/she can use it in order t view the information about hinvherself,
about the instructed courses, or about the coursenare of a course.

3. The « courseware production and publishing » module which covers meth-
ods, services and tools for the publishing and delivery of coursenare materials via
the World Wide Web.

2.4. Administrative space

This virtual space organises two groups of adninistrative activities in the AKV:

o Management of the learming/teaching/authoring processes with registration of
learmers, teadhers and authors with gppropriate access rights;

o Management of the AKV information resources, including further develop-
ment of the sites, realising the ARCHIMED Knowledge Village.

The adninistrative space of AKV is organised through the following AKV
modulles:

1. The « student”s registration » module for the dbligatory registration of any
user having the intention to follow one or more courses in the ARCHIMED
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Knowledge Village. Each student has a login and a password for entering the distant
learning centre. In case of registration an entry for the student is generated In the
learmers’ data bese, containing his/her identity, login name and a passnord, aswell as
personal information and profile. This entry is used further for recording the history
of leamers” pedagogical activities (courses folloned/taken, exercises and evaluation
procedures etc.).

2. The « teacher’s registration » module for the obligatory registration of any
« professiocnal » user having the intention either to build and manage a training centre
or to publish via the world wide web his/her coursenare materials or again to follow
his/her studertts during their leaming phases. Teadhers are registered as instructors in
a distant learming certre wirth assigmment to courses o be taught. A new instructor is
specified by a set of Instructor entity attributes and a correspoding entry is created In
the instructors” databese.

3. The « gereration of distant training certre » module which integrates all nec-
essary servioss for building, visualising and maintaining a particular leaming centre in
same specific knovledge field.

3. Classifications of AKV coursanare

The Implementations of AKV modules reflect the features and intended methods of
use of different multimedia courseware, developed under the project ARCHIMED
and kept in the AKV coursenware repository. The courseware considered in the cur-
rent project may be classified according to three organisational features, determining
the specific features of the coursanare comtent and I'ts presentation. These features
are important for the design of the leaming environment and of the Graphical User
Interfaces (GUI) to AKV spaces and services.

3.1. Classification according to the learmers target groups

o Introductory courses

The caurses of this class are oriernted tonard acquisition of initial knovledge for
the disciplirne uder study. They may senve as general introduction in the field for non-
specialists or as a first basic course in the field, supposed 1o be ol loned further by
other specialising courses. Usually such courses are bui kit as teacher-centred courses,
ie. teyarenainly equositiveg courses with less atterttion to interactivity and exer-
cises. The authors of these courses are mostly interested in presenting the content
through text and graphiics, though some set of tests may allso be present in the course
aontent.

o Intermediate and advanced courses

The courses of this class are aimed at deepening the knowledge in the praobllem
area. They often have as a target also skill acguisition and mestering. In the current
practice of technology-supported leaming there is a strong tendency to develop such
aussassative leamer-oriented courses, possessing essantial “leaming-by-doing”
Teatures. Therefore besides the work on the multimedia presentation of the course
ocontent the authors” attention is focused also on its interactive features and on the
organisation of exercises and projects, integrated in the coursenare.

} ! In an expositive course, the information floss mainly from the resource to the learmer. The leamers”

input to the course is mostly in the form of navigation clicks. Bxpositive documents are typically used for

leaming-by-reading.

mﬁ;llnmact'neﬂ?nse, the infmratimil’llcms inbomc:irecticrst—fgmﬁe resource to the Ie%rger, butalso
earmer o this resource. Sarantically meani input to the computer is expected in the coursenare

organisation. Active doauments are typical ly used fufr?gmirg—by—doirg_
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3.2. Classification according to the coursenare organisation as computer ap-
plication

o Courses, organised as stand-alone gpplications

Normal ly the authors use various authoring systems for creating multimedia
courseware. Often the end-products of such systens are organised automatical ly as
stand-alone computer applications running under a popular operating system. These
goplications cottain all the necessary multimedia information structures as well as the
cotrol sequences for their presentation. A classical inner organisation of the stand-
alore goplications content is the electronic book organisation.

o Courses with modular organisation

This organisation uses more adequately the possibi lities of database technolagy .-
It pemits easy reconfiguration and gereration of variants for different learmer groups.
I't encourages reusabi lity of the educational materials in the courseware repository
and is considered more useful for teachers and authors. In the sare time this organi-
sation needs more efforts for its implerentation, though the use of an appropriate
user interface over the distributed database technology may help in courseware pro-
duction. Inthe AKV coursanare reposirtory the modullar course organisation is achieved
by set-of-lectures database elaments.

Both types of coursanare are kept in the coursenare database module, realising
the coursaenare repository. In the case of stand-alone gpplications the users have ac-
o=ss only o the wholle course, whitle in the seoond case different levels of the coursenare
are aoccessible: variants of the whole course, different modules, their units (“lectures™)
and possibly their bui lding blodks.

3.3. Classification according to the course cortent organisation

o Courses/modules, organised as electronic books/book chapters

This organisation is gppropriate for expositive courses. They are characterised
wirth pre—defined sequential navigation through the lessons/exercises, possibly with
additional hypertext links. This type of coursenare is natural for domains when the
verbal content is predominant not only in presentations but also in the leaming goals
(e-g- inlaguege leaming).  In this case there is a strog trend o perform assessments
in the forma srall variety of tests (nultiple-doice tests, fill-in tests etc), which may
be checked automatically. The authoring systems for multimedia docurents offer
means, permitting relatively easy 1o create coursanare in the form of electronic book.
Such an organisation of the course content requires a small nurber of control ele-
ments in the Graphical User Interfaces, which facilitates their design and implemen-
|,

¢ Project-oriernted courses/modules

This organisation is gopropriate for active courses. Their inportant dharacteris-
tic is that the learmiing goals include not only acquisirtion of knovledge, but also aogui-
sition and mastering of respective skills. Such courses require more on-line interac-
tion with the learniing environment in the AKV distant leaming centre and are ori-
erted tonards learmer-centred education. This specific of the course content fits more
natural ly to the modular coursenare organisation. It requires also more user control
and therefore supposes the construction of a control parel with more functional ele-
ments in GUI. An example of such course type is the AKV course “Authoring compu-
ter graphics” (Fig- 2 and Fig- 3)

The conceptual scheme of the AKV courseware database module makes possi-
ble an association of the book and lecture types of content organisation through their
finer structural elemants, as for a pecific course entity dgpters and lectures refer to
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the sare material . In fact the two organisations represent different ways to view or
present the leaming material of a course. Therefore the same multimedia docurents
from the database may be integrated in an electronic book courseware or in a modular
lecture-based organisation.
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4. AKV 1nplementation directions and decisions

The choice of appropriate hardwvare and software platforms for implementation of
AKV modules is based on the analysis of the necessary functions and services of
ARCHVED architecture and of the computer and conmunication infrastructure of
the university partrers. This analysis leads to the folloving design and inplementa-
tion decisions for use of software systemand instrurental tools:

o The main modules of the AKV virtual spaces are developed as applications
working under the operation systems Microsoft NT Server / Microsoft NT Work Sta-
tam

o The nultimedia courseware is developed by using different authoring tools
like Microsoft PonerPoint, Macromedia Director etc. in acoordance with the course
content and authors” experience and preferences.

o The prototypes of the coursenare repository and other databases are realised
using Microsoft SQL Server.

¢ The organisation of the comunications inside and between the leaming, teach-
ing and adninistrative AKV spaces is performed through execution of control se-
quences (scripts) by the applications - implementations of the main AKV modulles.
The scripts are written using appropriate scripting languages as Visual Basic Script.

¢ More complex comunication services inside the local computer networks of
the project partrers, which constitutes instances/subsets of AKV realisation, are to be
covered by the product Microsoft Site Sener.

o Totally distributed realisation of ARCHIMED Knowledge Village is designed
o be inplemented with the use of Microsoft Exchange Sernver on the top of the sketched
hierarchy of computer and communication means.
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OYyHKIVM U CPEICTBAa B PACIPEelesIEHHOM KOMIIBIOTEPHOM Cpene
IJI LeJM TeJIEMaTIHeCKOTO OOydeHMs

Janawt JloueB*, Papocyas JommHoB**, Panocyas [TaBIoB* **

*YUHCTUTYT MHYOPMALIMOHHEIX TexHomorwt, 1113 Cogusa
**JlabopaTopus TeJIeMaTUKM, VHCTUTYT MHYOPMAIIMOHHEIX TexHosiormi, 1113 Copus
FAXYPHCTUTYT MaTeMaTuku 1u mHpopmaTukmu, 1113 Copusa

(PesoMme)

Ienb cTaThyu ABJISeTCHa OOCyXIeHMeM QYHKLVM M CPEeOCTB B paclpelelieHHOM
KOMIIBIOTEPHOV Cpelle IS TeJIEMaTUUeCKOTO oOyueHus. VICCIleIoBaHMs CBS3aHEL C
MeXIYyHapOOHEIM NpoekToM Archimed. PaccMmaTpuBalTCsa CcJenyilmue
HalnpapBJIeHUs : YCTaHOBJIEHME BUPTYaJIbHOM CPembl, BIMAEN 20OeKTUMBHOCTU
METOIORBR U CUCTEM IJia ODydeHUs; [NIPOEeKTHPOBAHUE, MHTETPUPOBAHMUE U TECT
TEeJIeMATVUECKMX YCITyT; Pas3BUTUE HOBBIX MyJIbTUMEIVIMHEIX UMHTEPOENCOB; pa3BUTHE
pelmeHny, MNOIXONANMX IJIS Pa3HHIX I'PyIl noTpeburesieli. Cpela OCHOBaHa Ha
KOHLIENTYaJIbHOV NNeNarOoTMUYeCKOM MOIEIM, YUMTHBAaSA CTPYKTYPY MyJibTYMEIMIIHEIX

KYPCOB.
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