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Abstract— Outsourced personalization of Interactive Learnirg

Environments (ILE) requires knowledge on these ILEs their

teaching description (type of activities, parametes for

exercises generation, etc.) and their technical desption (files

location, content of configuration files, etc.). Tanake possible
to support this personalization, we propose a metezodel to
acquire, in interaction with an expert, relevant krowledge
necessary to personalize an ILE. We combine this n@model
with two processes: the first one uses the meta-meldin order

to create a specific model to an ILE, and the secdruses this
model to personalize the ILE.

Keywords- Meta-model of knowledge; models of knowledg;
Interactive Learning Environments (ILE); personalization;
externalized configuration

l. INTRODUCTION

Personalization of teaching and learning activities
widely considered as a topical issue in the fidlcesearch in
educational technologies. Personalization of a@s i.e.,
their adaptation to the individuality of each learnis an
efficient mean of improving teaching, in particuliar the
classroom context. However, due to the diversitieafners,
the variety of situations and subjects under
personalization is often a complex and time-consgntask.
For that reason, and because of a lack of adedaats,
teachers do not efficiently personalize pedagogictlities.
Therefore, developing software to assist teacherghis
personalization task can turn out to be very hélpfu

Personalization is a multi-faceted research questib
can concern paper and pencil activities, Interactigarning
Environments (ILES), interactions between teach@s
interactive environments) and students, as welsgeific
activities depending on the skills of studentsriie subject or
another, etc. However, in any case, the personializa
process has to rely on specific information abbatdontext,
the activities, and, of course, about learners. allgu
information about learners is gathered into “leshe
profiles”. A learner's profile contains elementsuctterizing
knowledge, skills, perceptions, and/or behaviouadjiven
learner. According to [1], information containedpirofiles is
either collected or deduced from pedagogical atvi
which can be computerized or not.

personalize various ILEs through a unified approadespite
the wide variety of pedagogical situations thesg itope
with. We restrict our study to ILE assisting a attan of
individual learning. First, we describe our contektesearch
and we introduce the issue studied here. In se@jowe
detail how the study of existing educational sofevéas
enabled us to detect common invariants that are
importance when personalizing ILEs. Next, we inigede if
the existing standards, defined to describe an It&n
describe the invariants identified. Then we descridur
meta-model and the processes exploiting this metdeinin
order to assist the personalization of an ILE. \&&rict the
formal description of the meta-model to the pamasrning
the pedagogical description of an ILE. The secoatt p
concerning the technical description of the ILE rist
formalized in this paper. The conclusion is an opputy to
discuss the validation of the meta-model, its cagerand its
limitations.

In this paper, the term ILE is used in a restrictedse. It
is used to mention educational software only. Tsedevare
can be freewares, sharewares, commercial softwares
research products. They implement a situation iichvthe
learner is supposed to learn a new knowledge.

study,

Il.  SCOPE OF THESTUDY: CONTEXT AND RESEARCH
ISSUE

Personalization of human learning mediated by
computer environment (an ILE) requires a good keoge
of the possible settings and information on the iated
learning situation: information gathering knowledgs
students, working habits, teaching goals of teagletc. This
personalization is even more complicated to implenaden
one wants to cope with the great variety of edooali
software and of teaching situations.

The heterogeneity of ILE concern
environment as well as the content of the enviramrfiz 3].

of

a

the proposed

Indeed, educational software may take the form wof a

intelligent tutor, a microworld, a simulator, a leyfext
document, etc. To each of these forms is assocatadde
of use (free or guided curriculum), content (segeenof
predefined activities, panel of objects can be paaied,
etc.), but also a variety of educational goals (&ition of a
method, acquisition of a set of knowledge, acqoisitof

In this paper, we propose a process and the atsicia practice, etc.).

meta-model to support personalization of ILEs. Theta-
model relies on ILEs invariants. Hence is allows tos

The heterogeneity of educational situations depends
the various actors participating to a learning\aigti Thus



ILEs can support individual learning situation, leotive
learning situation or collaborative learning sitoat The
teacher may have a role of the designer of anigctiv tutor
of an activity.

conducted a systematic study of 30 ILEs. These kfesof
different types: intelligent tutors as Andes [6] AKMBRE-
add [7], microworlds as Aplusix [8], simulators Baleos [9]
or web applications as ActiveMath [10]. Some oftheome

To cope with this double heterogeneity (ILE andfrom research as SQL-Tutor [11], or from practicafs

educational situations), the teacher must be abtenfigure
ILE in order to satisfy his own pedagogical goatsl d@o
build different types of profiles enabling him toamage
personalized educational situations for learners.

In this research, we restrict our study to the asthe
teacher which prepares a learning situation byopetlgzing
an ILE and by preparing the appropriate profilesn@nage
this situation; and to the case of an individuarihéng
situation, even if it is likely that we could hawesimilar
approach to collective learning situation.

This personalization uses profiles of learners fptdfiles
designed by teachers regardless of a particular dbd
profiles designed for concerned ILEs, regardless aof
particular teacher. Personalization is done in @znme with
the educational goals chosen by the teacher t@riggared
learning situation.

We rely on the BROFILEA environment (PERLEA
project [1, 4]) as support to the process of peakpation.

teachers as LiliMath [12], or from free developmexs
Mathenpoche [13] or from commercial softwares as
Exomatiks [14]. Moreover, they are intended to wasi
public from nursery school to high school and for
professional training. They cover various learniageas
(mathematics, orthopaedic surgery, German, etc.).

We have determined that in these ILE, personatinati
may include: the proposedctivities the sequenceof
activities  (number of activities, order), available
functionalities the feedbackoffered to learners and the
customization of ILE’s interfaces These targets of
personalization are confirmed from a theoreticainpof
view in the literature studying the techniques use@dapt
systems [15].

The Table 1 provides an overview of personalization
possibilities, choosing typical examples amongistlidLEs.
The columns in this table reflect the five targeif
personalization that we have identified.

EPROFILEA consists of a set of modules: module for

description of profiles structures, modules foegration of
date profile, module for visualization, etc. Ourtasenodel
aims at supporting efficiently the personalizatprocess of
any ILE. Indeed, it guides the design of modelsiaidd to
the configuration of ILEs. In the same way, it sogtp the
design of models of profiles associated to specif
pedagogical goals. As a consequence, this metairhetfs
to prepare an individual learning situation witigigen ILE.
This meta-model is implemented in a new module
EPROFILEA: the Adapte module [5].

Defining such a meta-model requires to identify th
invariants which exist in the models of individuaarning
activities and in the models of ILE's settings. Riis

purpose, we have analysed 30 ILES and we haveestudi

how learning activities were described, by focusiimg
particular on standardized descriptions.

In this section, we address the issue of the dwtgmmi of
an ILE for personalization and then how the metaddlbw
describing an ILE.

A SURVEY OF EXISTING SYSTEMS AND STANDARDS

A. Describing an ILE for Personalization

In order to allow a personalization of an ILE, & i
necessary to have information (knowledge, skitis,)®n the
learner for which the personalized ILE will be dgmd, but
also on the situation in which this ILE will be dséplace,
time, pedagogical goal of the teacher). The infdiznaon
the learner may be contained in a profile of legrimit
information on the educational situation shoulddescribed
by the teacher himself. From this information,sitpossible
to change the ILE to adapt it on the one hand ¢olearner
and the other hand to educational goals of thehtzac

In order to determine the main types of persontidinan

;I'LAEBLE I OVERVIEW OF POSSIBLE PERSONALIZATIONS IN VARIOUS
S
ILE Acti- | Sequence of| Functio- | Feed-| Inter-
vities activities nalities | back | face
AMBRE-add [7] X X X X
icAplusix [8] X X
Téléos [9] X
Mathenpoche [13]| X X
oLiliMath [12] X X X
Exomatiks [14] X X
EActiveMath [10] X
Andes [6] X

After having identified five targets of personatina, we
focused on how implementing this personalization. do
this, we studied how ILEs could be “configured” whesed
by the learner.

An ILE is usually set up by a configuration file ar
configuration interface. Activities can then be geted
automatically or selected from a predefined listsgibly in
compliance with the constraints expressed by ttings.

Fig 1. summarizes these different cases givind) ate,
examples of ILEs operating in this manner.

(Configuration via the system files )
AMBRE -add(activities)
Robotech
Téléos
AppElec
G AMBRE-add (fonctionnalities) _/

e

' ActiveMath (actvitties) ™\
Aplusix (activities)
iLehrer
‘ Aplusix (fonctionnalities and

activities)
ActiviteMath

\Configumtion via an interface

J

Figure 1. Categorization of ways to customize an ILE

an ILE and the way it can be implemented, we have



Finally, to know how to act from outside the ILE s
parameters, we studied the different configurafites as
well as the interfaces that have an impact on sysigtting.
We give below some examples to determine how tooster
the invariants in the personalization process. eddethe
normalization process needs to match the settiiognmation
as accessible to the user and the informationdptatie ILE
to implement the desired personalization.

First example, the AMBRE-add ITS [12] has an
exercises generator allowing to act on the creatibran
activity. Theconfiguration file (see an extract in Fig. 2) of
the generator contains, among others, the valueach
parameter necessary for the creation of exercibs
configuration file is made up of specific codes &atapting
the AMBRE-add ITS.

Taking the first code of the configuration file
“['c_comparaison_dif','de plus”, it correspondsguelly, for
the first field, to the value of a parameter “ctasde
probléme”,scale_listtype, whose possible values (explicitly
provided to the user in the graphical environmesut®
“réunion, changement;omparaisof, concatenated to the
value of the associated parameter “place de limgeth
scale_list type, whose possible values are
opérande, opérateudjfférence un des deux — min, un des
deux— max” and for the second field, to the valdeao
parameter “variation”, alsoscale_list type, and whose
possible values areatigmentationdiminution”. Shown here
that under the apparent specificity of the configion file,
there is a setting, relatively quite simple, toat®the values
in predefined lists. We have put italic the values of the
lists corresponding to the code used in the cordidgpn file
example.

In the same way, taking the fifth parameter of
configuration file “[0,0,1,0]", it corresponds tbe value of
parameters “utiliser une seule sorte d'objets”,iliser
plusieurs sortes d'objets”, “affecter les objetst] 4affecter
les personages”, abcale_booleantype. The reader will
easily understand that true is represented by Taisel by 0.

To conclude this example with another type of patam
we choose the sixth parameter of the configurafiten
[5,15], it corresponds to the value of the paramete
“intervalles pour les valeurs”scale_interval type, and

possible values in [LowerBound =&, Upperbound = 0»].

Second example, in the Aplusix microworld [8], the
learner can obtain aequence of activitieshrough a test
card which is represented by a table with doubtdemn This
test card is available from tlterface of the ILE. The rows
of table corresponding to the types of calculati@m be:
“numeric calculation (A), development and resolnti),
factoring (C), solving equation (D), resolution guelity (E),
solving system (F)” and the columns corresponchélevel
of difficulty between 1 and 9. Some cases of th@etare
inactive, such as A6, A7, A8 and A9. The learnesnth
chooses one case of the table and the ILE generstesises
corresponding to the type of calculation and at ltheel
requested. The card test can be described witpatameter
“type of calculation”,scale_listtype, whose possible values
are “A, B, C, D, E, F” and with the parameter “IEye

“résultat,

scale_numericaltype, of values between 1 and 9. These two
parameters are constrained by a set of rules lik@/alue
(type of calculation) = A} Then {ValueDomain(levek
1..5}".

Third example, in the Andes Physics Tutor [6], the
learner may request to do amtivity by selecting, from
menus of theinterface, the subject among those of one
discipline then the number of the activity. Thesenosecan
be described by three parameters. The first pasngethe
“discipline”, scale_listtype, whose values are “mechanics,
electricity and magnetism”. The second parametethés
“subject, scale_listtype, whose an overview of the values is
“vectors, translational kinematics, free body déags, static,
etc.”. The third parameter is the “number of exaati
scale_listtype, whose an overview of values is “vectla, ...
relvec3a, ..., mirrorl, mirror2, ...”. These thrgarameters
are constrained by a set of rules like “If {Valwject) =
vectors} Then {ValueDomain(number of exercise)
“vectla, ..., relvec3a}’.

Last example, in the Exomatiks software [14],
functionalities and interface of the software (language,
graphic options, tools, users, etc.) are definenmfra
configuration file (see Fig. 3). Taking the code “langue=0",
it corresponds to the value of parameter “language”
scale_listtype, whose possible values are “French, English,
etc.” and the value of the file indicates the ind#fxthe
enumerated list.

appel_generation([ [generales]
['c_comparaison_dif' langue=0

'de plus',[jeu], [Internet]

['bille’, bille utiliser_ie=1

jaune’,

'bille jaune’], [outils]
{1,[0,0,1,0],[5,15], executer=-1

0, auto_mutiplier=1
[intervalle,1],[0,2, auto_reduction=0
0,1,0,0]],apercu). activer_coloration=1

Figure 2. Excerpt from

configuration file for the

generation of exercises in
AMBRE-add ITS.

Figure 3. Excerpt from configuration
file for interface and functionalities of
the Exomatiks software.

Through these examples, we can see that it istgedsi
describe the parameters involved in setting ofL.&hthrough
a common formalism : a set of parameters constidiyea
set of rules. These parameters are of predefinpasty
(scale_list, scale_boolean, etc.) and their valwe
dependent on the ILE to configure.

At the conclusion of the study that we made onl3s|
we can observe that the personalization of an llay oover
five targets: the selection or the creation of \dtiéis, the
organisation of these activities to form workingjsences,
the functionalities offered to the learner, thedfesck offered
by the ILE and the interface of the ILE. Parameégating on
these targets may be contained in files or be dwhnip a
configuration interface in the ILE.

Each of these parameters can be described using a
common formalism. Thus these parameters can bergsss



in a uniform way for a teacher and thus allow easiecustomizable
ILE. The parametefunctionalities...

personalization of heterogeneous
influencing the ILE must be accompanied by pedagigi
competences associated with them. Indeed, forchéeaan

sequences of activities, customizable
To personalize the environment and
activities offered to learners, it is necessary have a
description of all the parameters relating to aiis,

change the setting of an ILE, he needs to know whatequences of activities, functionalities and /rieiface of
competence is associated with each setting and whdte ILE. Then, teaching competences associated thitbe

influence will get change from one parameter to.ILE
In conclusion, we can say that in order to persp@ain

properties allow teachers to be assisted when makin
educational choices when setting the ILE. Finaliybe able

ILE in outsourced way, we need to know the pararsete to act on an ILE, it is necessary to be able to ifpdides

impacting on the setting of the software, the caepees
associated with changing these settings and a itethn
description on how, from the values of each parameb
modify or to create the configuration files. We rifere
examined the existing standards to see if theywalls to
describe an ILE according to this granularity.

B. Describing an ILE Using Metadata

The question of ILE description has historicallyiatly
asked to enable the sharing and reuse of resowiteis
them. Several proposals for standardization haes lbeade
with different objectives. The Dublin Core includaset of
general metadata to describe all types of resolii€dd17]
while others standards are more specific to areasoo
professions. With regard to educational resourees,can
cite LOM, which allows us to describe the educatldnols
[18], notably e-learning softwares, or SCORM whatlows
us to create interoperable and reusable structig@ching
objects [19]. These standards are not suitable tifier
description of components constituting ILEs becabsg do

not have enough metadata to describe the softwal

appearance of these components, such as techreds n
(hardware and software) to run it, their charastes
(services, properties, methods) and let-alone ruded
dependencies required to assemble it by compuemiadist
developing ILEs.

In response to this observation, the software compb

description pattern LSCM proposes a set of metadal
devoted to software components [20]. LSCM has twc

sections: a common section to all classes of comesn
describing software engineering, and a specifiiaeto the
category of educational software components deagrithe
pedagogical and didactic appearance of softwargoaent.
Hence, LSCM allows us to describe components fosege
but not for personalization.

Thus, the various standards proposed in currenk wor
not offer solutions to describe systems for perkzaiion.
They do not permit a description of their educaticsontent
allowing personalization. They not do either a digsion of
technical knowledge allowing stepping in the systém
implement this outsourced personalization.

IV. AKEPI, AMETA-MODEL TOACQUIRE KNOWLEDGE
NECESSARY FOROUTSOURCEDPERSONALIZATION OFILES

allowing personalization. It is therefore necesstryhave
technical information on the ILE, as the presenteam
exercise generator, the place and content of aanafigpn
files, etc.

A. Why a Meta-Model?

The AKEPI meta-model (Acquisition of Knowledge
Enabling Personalization of ILES) is designed tilitate the
expert's complex task of identifying knowledge negdo
the outsource personalization of an ILE. This nmatalel
defines the type of information needed to persaaan ILE
and is made up of two parts: the pedagogical detsmni of
an ILE and the technical description (see Fig. Ve
combine two processes with this meta-model: trat fine,
AKASI, instantiates the AKEPI meta-model with spieci
knowledge to an ILEa to get the OKER/ model
(Operational Knowledge Enabling PersonalizatiotheflLE
a), and the second one, OPIKSI, uses the OKEBRIdel to

personalize the ILE.
OKEP/y model
OKEP/B model

OKEP/a model

AKEPI Meta-model

Pedagogical description model

Pedagogical properties model Pedagogicel description

Pedagogical rules model Pedagogical properties

ILE y
ILE B

ILEa

OPIKSI
process

AKASI
process

Technical description model Pedagogical rules

Technical properties model Technical description

Technical rules model Technical properties

Technical rules

Figure 4. Overview of the AKEPI meta-model and associated¢sses.

B. Knowledge of the Meta-Model

The AKEPI meta-model defines the type of informatio
an expert must provide to create, for an k,BEhe OKEP4
model allowing its outsourced personalization. This
information should cover the pedagogical descniptiad the
technical description of ILEs (see Fig. 4). The gugmbical
description aggregates the customizable propeiesa
system, with the associated competences, and the
manage these properties. The technical description
aggregates all the necessary information to aatretely on

The outsourced personalization of an ILE requireghe system: localization of the system, folderhef éxercises

obtaining some knowledge on the ILE. First, thepprties
characterizing the activities and the environmetigw for
each ILE, to know the type of proposed activitiad &ow it
is possible to choose or generate activities by Itt. These
properties also permit to know if the

generator or exercises database, place and cowtent
configuration files and rules for fill in these &d. In its
implementation, the AKEPI meta-model is definechgsine
XML Schema formalism [21].

ILE proposes



In the remainder of this section, we describe the | in different systems studied; and possibly @&tegoryor
pedagogical description model of the AKEPI meta-elod Subcategoryto which it belongs. This precision allows
This model is composed of the model of pedagogicabrganizing the parameters so as to consolidatesetténgs

properties and the model of pedagogical rules. that links them. Moreover, as th€ypeOfActivity each
1) The Model of Pedagogical Properties Parameterthas a unique ID.
Fig. 5 shows the part of the AKEPI meta-model defn f————————— —
types of pedagogical properties. We can see theseth | TPerametr

properties are organized into five targets of peatipation \
that we identified in our study (see Section Ill-Aprmally, \
the PedagogicalPropertiesnodel will be defined for an ILE, \

|
|
|
|
identified by NameOfILE This model must contain a \ |
description of thePedagogicalContenfor this ILE. Then, \ |
depending on the ILEs, we can add a descriptiorthef T |
PedagogicalOrganizatignthe Functionalities, the Feedback e |
and the Customization of the interface. \ |
\ |
=2 |

~iF -
S |
| : |
[Fessnaeropate | l
} L Cangory |

Figure 7. Meta-model AKEPI: parameter.

The scale typ&caleListallows defining enumerated lists
of values (see Fig. 8). It includes two booledariable and
Figure 5. Meta-model AKEPI: pedagogical properties. MultipleSelection which allow, for the first, to indicate
. . . whether the enumerated list defined by the experafgiven
The PedagogicalContenallow describing how different narameter can be increased by the values definethdy
types of activities will be selected or generatétl.is  teacher, and for the second, to indicate if thehern can
composed of description of one or mdrgpeOfActivity A gglect multiple values for this parameter. Themdudes

TypeOfActivityis defined, as we can see in Fig. 6, by Namegne or more values. Malueincludes aNameand possibly
the list of Parameterdfor choosing an activity of this type in  AssociatedCompetences

a database, or generating it with the generattirariLE; and
possibly the parameters ofAssociatedFunctionalities
AssociatedFeedbacnd AssociatedCustomizatiothat can
be associated with this type of activity. Eva@mypeOfActivity
have a unique ID.

EMumple Selection

Figure 8. Meta-model AKEPI: scale List.

The scale typ&caleTreaused to define values organized
in a tree (see Fig. 9). Itincludes, as for theetgpaleList the
booleansvariable and MultipleSelection Then it contains a
set of Node. Each Node consists of a unique 1Damdy and
possibly theAssociatedCompetencdsach Node can contain
one or more Node to represent the tree of values.

The scale typ&caleBooleammay be specified indicating
the competences which may be associated with efattteo

The list of parameters contains one or more paemsiet Values, AssociatedCompetencelfTrue and
Each Parameter (see Fig. 7) is defined bjame the  AssociatedCompetencelffFalse
AccociatedCompetenceon which the modification of
parameter can influence Szalerespecting a one of six types
of proposed scales covering various possibilitresantered

Figure 6. Meta-model AKEPI: pedagogical content.



these TypeOfContentrefers to a previously defined
Fipeseion |

TypeOfActvityand two integersMinNumberOfActvitiesand
MaxNumberOfActivitieswhich indicates the number of such
| activity may be provided consecutively to the learnrhe
| boolean OrdoredSequencéndicates if theTypeOfContent
| must be provided in order or they may be randombyided
| to the learner. Finally, parameters describing
| AssociatedFunctionalities ~ AssociatedFeedback  or
| AssociatedCustomizatiorthat can be addded with the
| PedagogicalOrganizatian
|
|
|
|
|

r
TEcaleMode

=
| |
 |E]|
o | |
|

==

Figure 9. Meta-model AKEPIscale Tree

The scale typeScaleNumericalcontains five optional =
fields (see Fig. 10). The first twol.owerBound and 2 e
Upperbound reduces the range of values initially defined g*'*i__FE‘-*_SPPi_a?E_f!EWJE’“Pna_WE‘%%_
from - = to +». The Step can specify the granularity of the - rssoaedressbark B
parameter value (integer, defined to about 0.1).€fbe last
two fields allows to specify the associated compets,

“-1 Assoviated Cusiomizaion

specifying what competences are associated withotver Figure 12.Meta-model AKEPI: pedagogical organization.
bound, AssociatedCompetenceLowerBoundand those . .
associated with the upper bound The elements Functionalities Feedback and

AssociatedCompetenceUpperBound " Customizatiorcontain a description of the parameters for the

The scale typé&calelntervalcontains six optional fields Personalization (see Fig. 13). Each of these pamme
(see Fig. 11). The first two,MinLowerBound and Satisfies the definition of &arameterthat we introduced

MaxLowerBound allow reducing the value of the lower Previously.

bound of the interval. The two followingllinUpperBound ]
andMaxUpperBoungdallow reducing the value of the upper ... | TFuntenaly |
bound of the interval. The last two fields allowlicating the { Furtrgtes BHCo o Pt
associated competences with each of the boundseof t r"_—_—_—_—_—_—
interval, AssociatedCompetenceLowerBound and | TFeeshack |
AssociatedCompetenceUpperBound < Fesdnack E-HCrw [ Parameters B |
Finally, the scale typ&caleTextcan be increased with e | e —] |
AssociatedCompetences T ——

Figure 13.Meta-model AKEPI: functionalities, feedback and
customization.

2) The Model of Pedagogical Rules
The pedagogical description contains thus the

customizable properties of an ILE. The AKEPI metadel
combine these properties with meta-rules allowirgdxpert
to formalize the links and the constraints thatlddink the
properties he has identified. Thus, the expert dafine
constraints on the properties using rules whosalitons
and conclusions respect the format shown in Table 2

Figure 10.Meta-model AKEPI: Figure 11.Meta-model AKEPI: NS . S
9 scale Numerical. 9 scale Interval. On the same principle, the technical descriptiohL&fs

in the AKEPI meta-model contains a set of propsrtie
The PedagogicalOrganization indicates how the associated with a set of rules.
sequences of activities are constituted (see Riy.Thus, a
Sequence consists of one or mdygpeOfContentEach of



define constraints on the generation or on thecefe of
activities already generated, and defines conssrain the
choice of parameters acting on the functionalityl dahe

TABLE 1. FORMAT OF CONDITIONS(AT LEFT) AND CONCLUSIONS(AT
RIGHT) OF PEDAGOGICAL RULES ORAKEP| META-MODEL

IF Value(parameten) = X; THEN Value(parameter) = Y;

interface of the ILE x. The pedagogical rules,ha form of

IF Value(parametenr) e {X 1 THEN the parameter ;j will be Prolog predicates, associated with an inferenceineng
- Xo} , inaccessible _ _ implemented in Prolog, manage dynamically the fater
IF Value(parameter;) not THEN ValueDomain (parameter) j= offered to the teacher. In the third step, from ¢bastraints
defined {Y a.. Yo} with a>m and kin where m

and n are the initial bound specified by the teacher and the pedagogical ptiepeof

OKEP/x model, the system generates sequencesiatiast
suitable to learners and defines parameters t@mizt the
environment. In the last step, the system usedettiaical

IF C,and C, with G is a
constraint on a value of a
parameter

THEN C; and C, with G is a
constraint on a value or domain of
value of a parameter

description of the OKEP/x model to create the apnfation

C. Processes Associated With AKEPI Meta-Model files specific to the ILE x.

We have presented the principles of AKEPI meta-rhode V.

as well as an overview of knowledge it can acqive. will For facilitating the personalization of an ILE,istoften

now indicate how this meta-model can be used bqu’mg useful to rely on a model describing its pedagdgarad
two processes, AKASI and OPIKSI, that we assodidlieit  echnical properties. However, designing such moéela

(see Fig. 4). . - ... complex task and requires specific knowledge on the
The AKASI process, allowing defining ILE’s specific properties of each ILE.
knowledge in order to create an OKEP/x model, is |, this paper, we have presented the AKEPI metaeinod

decomposed into three steps (see Fig. 14). Initsestep,  5nq gssociated processes, AKASI and OPIKSI, ainaing
the expert specifies, using an interface createwhijcally g nhoring the acquisition of this specific knovgedand

from the AKEPI meta-model, the pedagogical propsrof  ,qir yse to personalize ILEs. Our approach ainessisting
an ILE. In the second step, the expert definesules for the o eypert while defining pedagogical and technical
management of pedagog_|cal properties respectinfptheat descriptions of a specific ILE.

of pedagogical rules defined in the AKEPI meta-ntotte By following the AKASI process, the expert instaitis

the final step, the expert specifies the technraberties  ho AKEPI meta-model with knowledge related to HbE x

and technical rules for the ILE. By implementingsb rules, 5 ; ;
. X producing the OKEP/x model of the ILE. Thisdab
the XSL file (eXtensible StyleSheet Language) cotsvéhe 51 then be used to support personalization.

constraints made by teachers on an ILE to produce a Building a model for a given ILE takes some timal an

configuration file. requires a certain involvement from the expert. kloev our

The OPIKSI process, allowing the use of the OKEP/Xy,nr0ach ensures that this tedious task is dong amte.
model to personalize an ILE, is decomposed inta &teps Then, if the ILE evolves, its model evolves as wiéllis

(see Fig. 15). In the first step, an interfacey’mmatically avoiding to rebuild a model from scratch.
generated from the pedagogical properties of OKEP/x

model. In the second step, the teacher uses tieifdoe to

CONCLUDING REMARKS

________________________________________________________________________

AKEPI meta-model

Technical rules model
(XML)

Pedagogical properties Pedagogical rules
model (XSD) model (XML)

___________________________

Definition of pedagogica
properties of an ILE

Technical properties
model (XSD)

S ——

Definition of technica

Definition of pedagogica

rules of an ILE operties and rules of an ILE

Pedagogical properties
of the ILE x (XML)

Pedagogical rules of
the ILE x (Prolog
predicates)

Technical properties of
the ILE x (XML)

Technical rules of the
ILE x (XSL)

OKEP/x model

Figure 14.AKASI process



OKEP/x model

Pedagogical properties
of the ILE x (XML)

Pedagogical rules of the
ILE x (Prolog predicates)

Technical rules of the
ILE x (XSL)

Technical properties of
the ILE x (XML)

—mmm e — -

Definition of

Generation of interfac

constraints

Generation of Creation of

rsonalized sequences configuration files

\/’

Y

Constraints of the
teacher (XML)

Configuration
files of the ILE x

Figure 15.0PIKSI process

Thanks to this meta-model and its associated pseses [4]

we are now able to efficiently support personaimatbof a
large variety of pedagogical situations regardtes$e tools
they involve. Indeed, we have implemented this eagin
(meta-model and processes) in the Adapte modutanbielg

to the FPROFILEA environment. This module relies on ILE

models to help teacher personalizing pedagogicssice
depending on information available in profiles edilners.

The meta-model has been built with regard to tkelte
of a detailed analysis in which we have studied arthian
thirty ILEs (including ITS, microworlds and simutas) for
identifying invariants relevant for personalizatipmrpose. In
order to validate this meta-model, we have appled
approach to define the models of the thirty initidE plus
five new ones. We were able to build detailed medet
each system. Ongoing experimentations consist ildibg
models for new ILEs to identify the limitations afur
approach and to make sure that no critical propes
omitted in the meta-model.

Our future work is to carry on with experimentation
order to validate the approach and to identify drefts
limitations. For example, we have to study the iotpd this
process on feedback personalization. Indeed, we ma¥

Projet PERLEA, http://liris.cnrs.fr/stephanie.jean-daubias/prajets
perlea.htmklast visited in August 2009).

[5] M. Lefevre, N. Guin and S. Jean-Daubias, “Adaptepa for the
teacher to personalize activities”, Proc. ITS'20@8ntréal, 2008, pp.
699-701.

[6] K. VanLehn, C. Lynch, K. Schulze, J. A. Shapiro, $elby, L.
Taylor, D. Treacy, A. Weinstein and M. WintersgillThe Andes
Physics Tutoring System: Lessons Learned”, IJAIE®Q. 15, 2005,
pp. 147-204.

[7] S. Nogry, S. Jean-Daubias and N. Duclosson, “IT@liEtion in
Classroom: The Case of AMBRE-AWP”, Proc. ITS'20Q4ceio,
2004, pp. 511-520.

[8] J.-F. Nicaud, D. Bouhineau, H. Chaachoua, T. Hugamd A.
Bronner, “A computer program for the learning ofgedira:
description and first experiment’, Proc. 11th Inttional PEG
Conference, St. Petersburg, 2003.

[9] C.Vu Minh, V. Luengo and L. Vadcard, “A BayesiaetWork Based
Approach for Student Diagnosis in Complex and thlistured
Domains”, Proc. TICE'2006, Toulouse, 2006.

E. Melis, E. Andrés, J. Budenbender, A. Frisch&ufGoguadze, P.
Libbrecht, M. Pollet and C. Ullrich, “ActiveMath: ASeneric and
Adaptive Web-Based Learning Environment”, IJAIE®].v12, 200,
pp. 385-407.

[11] A. Mitrovic, “A Knowledge-Based Teaching System f&QL”",
AACE, 1998.

[10]

- [12] LiliMath, http:/lilimath.free.fr/(last visited in August 2009).
encoun_tere,d yet any system allowing feedbac'fl:%] Mathenpoche, http://mathenpoche.sesamath.neflast visited in
customization. We must then confront the AKEPI meta

model to such systems to check if our proposalsam@m |14

valid. Another future work is to experiment withetihdapte
module, and consequently with the AKEPI meta-modtel,
the context of a classroom. Indeed,
experimentations have shown the benefits of thgrageh
from a theoretical point of view, however we needtudy it
in real conditions and to make sure that it is fublpnough
to be accepted and used by teachers.
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