A laboratory support framework based on a
networked knowledge representation

Cédric Boey
Université Libre De Bruxelles, BEAMS
cboey@ulb.ac.be

Vincent Ramah Marc Jaumaif, Frédéric Robett

Abstract - We present a computer-based environment (or
framework) called AUTONOMY specifically targeted to
support and accelerate individual student learning
during laboratory sessions. This environment resu#
from several years of analysis of electronics labatories
at the Université Libre de Bruxelles, Applied Scieoe

Faculty. This framework basically allows the studenhto

simultaneously:

«  follow the laboratory protocol,

e browse several courses (text, figures, sound, vidgo
connected together and with the lab protocol via
hypertext links: pedagogical content is presentechia
"multi-scenario" way

e play additional interactive multimedia tools
(typically JAVA applets, FLASH animations, etc)

 browse internet (if allowed) to find additional
external information

The database contains:

e Courses stored
(sub)chapters

« Knowledge items, answering basic questions, or
leading further in the comprehension, but not
directly shown in the tree

e Links between the course (sub)chapters and
knowledge items in a bidirectional way, which makes

like

it possible to represent knowledge in a
multidimensional network rather than in a linear
way.

By providing to the student various and simultaneas
ways of accessing information of various types andvels,
our environment is expected to increase the qualitgf the
learning during the lab

trees whose sheets are

initiative and critical thinking of students durirthe labs
while spending not too much time on answering oftame
questions : basic and common questions on botltiplas
and measurement instruments manipulation. To Hedmt

we have developed a framework called AUTONOMY that

students can use to answer their questions be&kiacathe
teaching assistant. This tool is an interface ttatabase of
knowledge about electronics containing text, imagesl

flash animations organized by topics and turnti in html
description that can be displayed. The framework lheen
fully implemented in JAVA and parts of several csrs
have successfully been entered into the databasesttl

needs to be completed before we could realize saak
tests with students to prove its efficiency.

CONTEXT

This project fit into different courses of the dtenic

department of the Université Libre de Bruxelles.he3e
courses start at the beginning of the third yeahatT
knowledge of previous disciplines such as physiecs o
electricity is required. The main subjects of thesurses
are fundamentals like diodes, transistors and oipes
amplifiers together of the basics of digital eleaics. All

the future graduated engineers have to go throbgiset
courses so that educational efforts are very reiwgrd

PEDAGOGICAL APPROACH

As described above, the main aim of this framewisrko

Index Terms — knowledge, computer, laboratory, multimedia, €ncourage the development of the autonomy of staden

interactivity

INTRODUCTION

Many teaching assistants of engineering relatedsesuare
frustrated people: they would like to develop tlwoaomy,
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However, we would like this application achieveeathims.

I. Allow the teaching assistant to concentrate on higher level
interaction.

Bloom[1] described one taxonomy(revised by Andejapn
of learning containing six levels which are rangifigm
recalling a fact to ability to make a synthesis &mévaluate.
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During the lab we would like students to developitids in
the higher steps of this taxonomy. However a stapt be
broached before the previous has not been mastéad.of
the major aims of this application is to allow tteacher
working on the higher levels by providing studemigh
lower levels (facts, principles ...) answers ava#éabi the
repository.

I1. Easy and quickly answers to frequent questions

The framework offers the possibility to the teacteemodify
the contents of a page very quickly. When he dgtec
common error or misconception, he can directly terem
page correcting it.

I11. Better individualization of student learning scenario.

The structures of the application permits to biskleral
scenarios of the progress of an exercise or a lhbthe
majority of cases, the progress is linear and dbadiow of
the best students a way to go further in the cohmrsion
and, in the same way, he can't allow student topadhés
learning speed. We would here offer different sces in
order to adapt the teaching situation dependingthef
student. If a student shows a weakness, the apipiiccan
propose additional explanations or exercises

IV. Break frontiers often perceived between lectures,
exercises, labs and scientific domains

Many students have a very compartmentalized peosept
the different courses and they don’t make the bekween
them. Thanks to appropriate reminder of previoasrses,
we would put back in question this conception.the same
way, both lessons and labs will seem more cohetreant
they were before.

V. Encourage students to look further in the discipline.

The application contains the possibility to addeemxal links.
We want to develop initiative and stimulate student
curiosity. In this way, the framework will providgudents
with some links about additional information

APPLICATION DESCRIPTION

The computer-based environment is composed out of a

relational database, a content management softaadea
web interface

|.Database Structure

contain course chapter, answer to basic questibas t
students often ask or lead further in the comprsioan

Courses Knowledge items
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FIGURE1
REPRESENTATION OF COURSES AND KNOWLEDGE ITEMS

The third and last part represents the links betvedleof
these items. Every leaf of a course tree can cordagé or
more knowledge items and its visualization will Ize
sequence of the HTML representations of these kedgd
items. One knowledge item can, of course, belongtoe
than one leaf or to no leaf at all. In additiongegvleaf and
every knowledge item can be related to other leavasther
knowledge items so that a list of related, andregtng,
topics will be displayed in the browser when thaf ler the
knowledge item is visualized.

st
¢ Is related to ~

Is related to

Autonomy depends on a MySQL database whose

structure is made up of 3 main parts.

The first part represents course bodies. Courses ar

stored like trees whose nodes and leaves are (wyijrs.
Each node (or leaf) has a title, a brief descripgmd some
keywords to make search across nodes easy.

The second part represents any knowledge useftihéor
students. Each knowledge item has a title, a biestription,
some keywords to make search across knowledge #esys
and an HTML representation. This HTML representagtio

which can contain images, FLASH animations or JAVA

applets, is needed to visualize the knowledge itentent in
a web browser in a didactical way. The knowledgen& can
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FIGURE2

LINKS BETWEEN COURSES AND KNOWLEDGE ITEMS

Such a structure allows the student to browse esuirs
a classic rigid way but with multiple links to kntadge that
he could need during his lecture. In addition, shelent can
travel across knowledge just by searching keywoods
jumping from link to link so that knowledge is regented in
a multidimensional network rather than in a lineary.

This knowledge structure suits any scientific ceufike
electronics, and particularly the laboratory sessioThe
courses and laboratories follow a step by stepctstre.
Nevertheless during the course lecture or the &boy,
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students may need to remember knowledge seen bafiolre
which are the basis for understanding a point. iRstance,
transistor mechanism is a knowledge viewed in ohéhe
very first chapters but which goes beyond and eded all
the time. Other knowledge items cannot be claskifie a
course chapter but, however, must be known by ewery
For example, in their courses, students are ndaerqd how
to use an oscilloscope but they need this knowletige
achieve the laboratory sessions. With this stregtstudents
can always find easily and rapidly the informatibay seek.

I1. Content management

The content management software is a .NET MDI (Migt
Document Interface) application, used by a professoa

teaching assistant, which communicates with the ®lyS
database to add and modify Autonomy knowledge cinte

The first window allows creating knowledge itemstlel

description and keywords can be added by fillingkdexes.

Title and keywords are double-leveled: the titled ame

keywords that the professor sees and uses in hitem
management software are different of the ones that
student will see and use in the web interface. Thizecause
the professor concentrates in the pedagogical stten he
manages the knowledge content while the studehfadls

on the informative side. The search across thesitsnthen
sensibly different according to the context.

The HTML representation is modified thanks to a
WYSIWYG (What You See Is What You Get) HTML

editor. Content can be pasted from all common apptins
like Microsoft Word or Microsoft PowerPoint: texarinat is
converted in html and images are automatically geed for
special items like equations. FLASH animations dAYA
applets can be added too. When a knowledge itesavied,
all images, FLASH animations and JAVA applets amved
to the web server and all links to these are updatéth this
tool, the professor can fill knowledge items witbalty
didactic and interactive content. Links to othewowitedge
items or to course tree nodes can be also diradthed in the
text itself to make interactions more direct.

The second window allows creating course trees. For
each course, nodes can be added, with title, getiseriand
keywords, again with a double-leveled view. A node
declared as a node, i.e. other nodes or leavesbhwilits
children, or as a leaf. A leaf has no children baottains
several knowledge items which can be ordered freglthe
professor. The leaf HTML visualization will be teequence
of the knowledge items HTML representations.

4= FATZ - [Modifier les connaissances : cartéristique i-v d'une diode ( modéle angle droit)] Q@@
o-l Fendtres  Outils  Aide - 8 X
DEDY
Recherche une connaissance Tire | La caractéristique d'une diode idéale est un angle dioi
[#]]  Titre Prof | cartéristique i-v d'une diads [ modle angle ciol]
Titre Description ) | page reprenant la caractéristique i d'une diode. D défiit e sewl de la diode [ 0,6v)
Description
| cartéristiaue i dune dide [ medtle angls .. |
Détinition dune diods C Mots-Cles E_D:E diods caractéristique .
Uilisations typiques dun FiC passe-bas uilisation FIC. passe hias filtes filtage Mots-Clés Frof - | iow diode caractérstioue mordéle idéal |
Lisselloscope TEKTRONI TDS 100z | Decileseope TEKTRONKTDS 1002 mesurs o
e 5 ] appale-il miesure mesurer valtmétre multimétre 1
,LE,S, Ellllelents é?paleﬂs de mesure | stilloscope
La fréquence de coupure Fréquence coupure (])
il B |
Le multimétre HAME G 8058 multimétre HAMEG 8058 mesure mesurer | |
Intraduction A (1]
Introduction W
Le générateur HAMEG BO31 Générateur HAMEG 8031 V w
Réponse AK (0
L'adaptation dimpédance —
T @
Manipulation R passebas ©
Tentative de définition définition électranique _ 9 .
Quelques exemples exemple applicalion électionique . g o
T c— diode bloquante
Frédéterminations de la diode Zener dinde zener prédéterminations | V
diode zener caracteristique ideale compasant A 1
_Inlloductlon diode Zener | source tersion | T - H AK
Ldsash tésistance principe base fonctionnement 1
SI0sIARCS resistance composant valeur défintion I
i
1
V74=0,6V
Précisons encore davantage le comportement de la diode en examinant sa caractéristique. Celle-ci se trace dans le
plan {L.V), I étant le courant traversant la diode et V la ddp sur cette diode.
Dans ce plan, la caractéristique d'une diode idéale est "en angle droit™: Chaque cdté de I'angle correspond en fait 4 un
des deux états de la diode:
» La partie horizontale de la caractéristique représente I'état bloquant de la diode (en effet: le courant y est nul) VJ
|g{,g ook | Bl arma el 22 =0
i) (e [T
Status

KNOWLEDGEITEM EDITOR WINDOW
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FIGURE4
COURSETREENODE EDITOR WINDOW

The third window enables linking knowledge itemsl dree
nodes together. The left part is used to selectitdra (a
course tree leaf or a knowledge item) that willlioéed to
other items. The right part is used to select lafl items
linked to the selected item. These items, accordintheir
type, are ordered freely by the professor. The slirake
unidirectional, they will be shown when the item is
visualized in the web application to help the shide have

a better comprehension of the visualized item.

i~ FAT2 -[En savolr plus : La fréquence de coupura]

AT —

Géndreeut HAMEG 6031
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FIGURES
LINK EDITOR WINDOW

111 .Web interface

The student uses a web interface to navigate thrahg
knowledge structure. The upper part contains liokall the
courses stored in the database and a search tbabukses
are visible to encourage students not to stay isingle
course scope and to make links between previoussesu
and the present one.

When a course (or a laboratory) is selected, éis, twith
selectable leaves, is developed in the left pane Tree is
always shown during the navigation to help studémtseep
in mind the course linear process. Forward and Wwaadk
links in the lower part even allows a linear natiga across
leaves.
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Leaves contain HTML content and are visualized he t
center part. HTML content of the visualized leabiutedge
items are displayed one above the other. All theksli
encoded between the leaf or one of its knowledgmstand
other leaves or knowledge items are displayed énripht
column of the center part. These links are sepériatdwo
categories. The first one consists in the linkietves of the
same course that are directly in relation with tilygic. The
second one consists in the links to separate krigeléems
or leaves from other courses. These links stireustident

curiosity by regrouping topics which are not frome tcourse
itself. They can lead further in the comprehensidnthe
subject or can be useful to accomplish a task.
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FIGURE6
WEB APPLICATION EXAMPLE

The search tool enables finding a specific coues br
knowledge item in the database. The student estrsral
keywords and the tool displays all the leaves ahd t
knowledge items corresponding to all the keywortlse
leaves are grouped by course and the separate éagevl
items are grouped together in a subcategory. Tlikes it
easy to rapidly find the answer to a question thatudent
could ask himself.

elecoss Lobos ecess  roshershe  [EZN Y

Resultats de la recherche
Cours ELEC283
e

Labos ELEC283

331 Prédéterminations

Autres

FIGURE7
SEARCH TOOL

CONCLUSIONS AND PERSPECTIVES

In this paper we have presented a tool simplifyartd
enhancing teaching conditions during electronicesla
sessions. The framework generates HTML browsable
content based oknowledge items structured into a database.
To encode the data, all common office applicatibased
documents can be cut and pasted into our tool and i
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afterwards automatically translated into HTML. fartmore
knowledge is represented in the database differefott

management purpose (at the teacher point of view)far

navigating purpose (at the student point of viewgome
chapters have already been encoded showing tha

possible to quickly and easily extend it to a whotairse.
However the framework will only become fully usefa$
soon as multiple courses will be encoded into thefhse.
In the future we will set up laboratory test prailscto
evaluate the impact of our framework on studentnieg

speed.

it
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