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Abstract: The research we have carried out relates to the
personalization of learning thanks to the expl@tatof learners
profiles through the PERLEA project. We are aimingl@signing
a module managing the generation of personalizé&ulitaes. For
this purpose, we suggested a typology of pencil pager
exercises that can be given to a learner, as wehe architecture
of generators allowing the creation of all of thesercises. We
also implemented and tested our proposition in d@uil@helping
the teacher to propose exercises suited to higstsicknowledge.

Keywords. Interactive Learning Environments (ILE),
personalization, generation of exercises, architecgenericity.

1. Introduction

Personalization of learning is one of the majoruéss of Technology Enhanced
Learning. Personalization relies in particular osing learners profiles to gather
information about the learners, thus allowing tcsatibe their knowledge, skills,
perceptions and/or behaviors. These data are tedlewr deduced from one or several
pedagogical activities, computerized or not [6].

Our approach consists in helping the teacher pinga® learners personalized
pedagogical activities suited to their knowledgd gaps shown in their profiles, and
suited to the teacher’'s needs and to the pedadogpcdext, expressed in what we
name pedagogical strategies. To personalize pedajogctivities offered to the
learner based on their profile, we can either userkedge-based systems to generate
the pedagogical activities best-suited to the ppfir provide the teachers with tools
allowing them to perform this task themselves. \We a@t linking these two options.

In this paperwe focus on the exercises generation part of esearch. To build
the Adapte module, we proposed a typology of egercthat can be given to a learner,
together with the architecture of eight generatibte to create all of these exercises.
We detail these two aspects before moving on tio iflmplementation and validation.

The PERLEA project aims at improving the integmatimf ILES in education by
building bridges between the use of ILEs and teatleveryday practices. To do so,
we are interested, in a generic way, in learnes§ilps and their a posteriori use for the
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management of learners and the personalizatiorearning [6]. Hence we aim at
developing an environment that would permit teaghermanipulate existing profiles.
This environment consists of two phases: the itign of existing profiles (based on
PMDL, the profiles modeling language that we praabso unify external learners
profiles to permit their reuse, either pencil arapgr or software ones [7]) and the
management of thus unified profiles. The secondsela the environment proposes
rich uses of the unified profiles. One of such usesccomplished by the Adapte
module, which offers to learners activities adaptedheir profiles. These activities
may be pencil and paper activity generated by yistem (worksheets to be printed) or
computerized activities to be done in an exterh&l. lin the case of pencil and paper
activities, Adapte generates worksheets matchiagtbfile of each learner, according
to teacher’'s pedagogical goals. To achieve thisrattes tailor-made exercises to be
included in the sheets and determines the sizédefmorksheets themselves. It also
provides the teacher with the answers to the esesctontained in the sheets. In the
case of computerized activities, Adapte sets patsmd sessions on external ILEs
according to the learners profile. For this, itsugeE exercises generators or chooses
exercises in the ILE database. It also computesuingber of exercises, in which order
they appear and the duration of the session.

2. Generation of pencil and paper activities

2.1. Typology of exercises

Pattern structure
General structure

Metadata

N
E F G H
Algebraic Classifiable Demonstration | | Questions/
expression | | scientific problem ANSWErs

Exercises patterns

B
Working on
illustration

Csionci|
Organization of
items

Working on

1 Sorting numbers in Putting a text in the I H1.001 H1.002 H1.003

o ascending order order again Doguments study MCQ Essay

. -
Exercises structures Structure C1.001 ‘ Structure €1.002 I Structure Structure] || | Structure ‘

N =2 ,
Sortnumbers from the Classify this numbers in Legend: Complete enumeration
smallesttothe ascending order. ) Patterns [[__T] Exampleof structurss ™ of components
biggest: 1133, -0.33, 1132, 1.32, - X
174,83 92 5, 032 and 1.33 [ Operstional patterns D Example of exercises — —p Enumeration of some

4

T
i
I
i

\

Exercises

== =

avamnlae

Figure 1: Typology of pencil and paper exercises

By studying curricula published in the official texof the French Ministry of
Education, and subsequently working with teacherslémentary schools, as partners
in the PERLEA project, we have identified fifteeypés of exercises that can be
proposed to a learner, taking into account all ettisj and levels. The identified
typology of exercises is presented in Figure 1. §pology contains eight exercises
patterns (see A to H in Figure 1), some of which ba split into several operational
patterns. Anexercises pattern (e.g. C - Organization of items, in Figure 1) def a
category of exercises generated with the same isrsrgenerator. Amperational



pattern (e.g. C1 - Classifying objects) specifies a sub$e&txercises generated through
the pattern generator (here C), but with particgkemeration constraints. Our typology
contains fifteen operational patterns definingegfh types of exercises. The generic
structure of these patterns and the set of metadataon to all patterns are defined in
a patterns structure. From there, creatingyancises structure consists in associating
an operational pattern with generation constrai@ieating anexercise consists in
assigning to the parameters of the exercises staictalues that satisfy these
constraints. Thus created exercises are composel@ments of wording and elements
of answer proposed to the learner, as well asdheien to the teacher.

2.2. Generation of exercises

2.2.1. What type of generator for Adapte?

Existing exercises generators can be classify thtee categories. Fullgutomatic
generators generate exercises without any intervention ofuer [1] [2]. They permit
to quickly create a large number of exercisesabatnot customizable by teachers who
can neither adapt them to their work habits, nath&ir students’ specificities. On the
opposite,manual generators (authoring tools) guide the user in the exercidesign
[3]. They give the teacher complete freedom. Bet,ntust fully define the exercises
and their solutions, which is a tedious task teatraints the use of such systems. Half-
way between these two typesmi-automatic generators can construct the terms of
exercises themselves, but allow the user to intervin the creation process by
specifying a set of constraints on the exercis¢§84 Semi-automatic generators have
the same strengths as automatic generators (qugddherating a large number of
exercises) and provide a solution to their lackflekibility: teachers can tune the
parameters of generated exercises.

The most suitable approach is for us to incorposatai-automatic generators. We
use this approach, which relies on the teacherdwige the knowledge bases for the
semi-automatic generators, in cases where statheort semi-automatic generators
seem unrealistic in our generic context. We thedist the possibility for each Adapte
exercises pattern to use existing generators. Ifeweept the F-type exercises of
Figure 1, with the generators which were availablas, the teacher has either to key in
the exercises completely or he cannot influencalahe creation process. Using such
types of generators would have prevented us togs@p random option to teachers in
the generation of their exercises. For categorsmentific problems (F-type in Figure
1), we integrated into Adapte, GenAMBRE, the getmeraf AMBRE-Teacher [4] [8],
implemented to create arithmetic word problemshim AMBRE-add ILE. By providing
the necessary knowledge bases, this generator beulded in a generic way and thus
provide exercises on problems of combinatorial ysig] thermodynamics, etc.

2.2.2. Architecture of semi-automatic generators

To each exercises pattern presented in Figure rfegmonds a generator that creates
exercises for the learner and answers for the ézaétm answer will be either defined
by the generator if possible, or keyed in by thecker. If some constraints are not
specified by the teacher, they will be specifiedthg system. Moreover, at the time
when an exercise is generated, the exercises wteuntay contain constraints of re-
generation preventing the same exercise to be gueagain for the same exercises
structure. All generators proposed for Adapte cgmpth a generic architecture (see



Figure 2). The knowledge of the generators is pledipartly by the designer of the
system, and partly by the teachers who thus compietdually the knowledge bases.
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Figure2: Generic architecture of exercisesgenerators

Thanks to this generic architecture of exercisesegdors, we can specify four
levels. Thegeneral level contains the knowledge common to all domains foictv we
want to generate an exercise, e.g. the knowledgeresl to write a statement in natural
language. Thalomain level contains the knowledge specific to the domain, thg
knowledge of calculation. Thgeneration level contains the specific processes to create
an exercise: definition of constraints on an esmgipattern saved in an exercises
structure; instantiation of this structure to gexeran exercise and its answer; layout
enabling to provide exercises with a uniform présgon. Finally, theexercise level
contains all the documents for the created exeraigduding the exercises structure
and its instantiation (wording of the exercise ate answer). We specialized the
generic architecture alike to define the exercigemerators associated with the
exercises patterns except for the "Demonstratiattem (G in Figure 1).

These architectures are implemented in the Adapiduta. When a teacher wants
to create an exercise, he has first to choosedfresponding type of exercises. From
this operational pattern, the system presentsetheher with an interface enabling him
to define the constraints of exercise generatiqgedding on his pedagogical goal. For
example, for the conjugation operational pattene, teacher chooses a language and
can specify the tense, persons, types of verbsl@egr irregular for English language)
and/or verbs, and the number of verbs to be prabdsethe learners. All these
constraints are saved in an exercises structuseribed with metadata to facilitate its
reuse. The system generates the exercises contairthé personalized worksheets
from this exercises structure. Thus it generatdferdint exercises from the same
exercises structure.

3. Conclusion

We established an approach of personalizationarhieg helping teachers to propose
pedagogical activities suited to learners’ knowkednd to teachers’ needs. In this
framework, we focused here on the generation ofipand paper exercises.

First, we presented our typology of exercises taat be given to a learner from
primary to high school. This typology includesdin types of exercises. We defined it
with the primary school teachers associated topitegect and test its scope with



secondary teachers. We observed each of the exertiiey use for their French,
English, mathematics, biology, history and geogyaplasses. All the exercises used
were in our typology. Now, we have to work with exis in educational science to
completely validate our typology, both in its gdoity and its completeness.

We then proposed a generic architecture of exeycggnerators and set the
architectures of the eight exercises generatottswkaconsidered necessary to create
the exercises of our typology. These generic achites can be used to develop
exercises generators whatever context they are tmwarbe used in. If these
architectures facilitate the setting up of genesain new domains of application, there
is left to do a considerable work of instantiatmfrknowledge bases for a new domain.
We were able to test the genericity of these geéoerdy implementing some of them
in varied domains (for example we have implementedtables generator to propose
conjugation exercises but also multiplication oditidn ones).

We also developed Adapte in partnership with teechecording to differentiated
design [5] and submitted it to few teachers. Evesdback validates the software: it is
usable and permits teachers to define the contgraliowing to generate exercises
matching their needs (expressed in their consgpand their learners’ knowledge (due
to Adapte functionalities not presented in thisqraj®]). We must now make further
evaluations involving all concerned modules of BfERLEA project environment [6],
and ranging from the description of a learnersif@®structure by the teacher [7] to the
effective use of personalized activities by leasri€}.
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