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Abstract: The research we have carried out relates to the
personalization of learning thanks to the expla@tatof learners
profiles through the PERLEA project. We are aimingl@signing
a module managing the generation of personalizéulitaes. 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.

We first present the context of our research witthi@ PERLEA project and its
software environment. We then focus on the germraif exercises part in the Adapte
module. To build this module, we first proposedypotogy of exercises that can be
given to a learner, together with the architectfreight generators able to create all of
these exercises. We detail these two aspects befoveng on to their implementation
and validation.
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The PERLEA project aims at improving the integmatif ILEs in education by
building bridges between the use of ILEs and teeleveryday practices. To do so,
we are interested, in a generic way, in learnenfilps and their a posteriori use for the
management of learners and the personalizatioreafing [6]. Hence we aim at
developing an environment that would permit teaghermanipulate existing profiles.
This environment consists of two phases: the imatign 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 secondseha the environment proposes
rich uses of the unified profiles. One of such usesiccomplished by the Adapte
module, which offers to learners activities adaptedheir profiles. These activities
may be worksheets generated by the system or cengrd activities to be done in an
external ILE.

In the case of pencil and paper activities, Adaygeerates worksheets matching
the profile of each learner, according to teachpedagogical goals. To achieve this, it
creates tailor-made exercises to be included irsiisets and determines the size of the
worksheets themselves. It also provides the teaeftarthe answers to the exercises
contained in the sheets. In the case of computkdzévities, Adapte sets personalized
sessions on external ILEs according to the learpeddile. For this, it uses ILE
exercises generators or chooses exercises in thedfitabase. It also computes the
number of exercises, in which order they appearthediuration of the session.

2. Generation of pencil and paper activities

For Adapte, a pencil and paper activity is a wodettto be printed. The exercises
on the sheet can relate to several disciplinestevea school grade it is used in. We
will therefore explain how we have done an inveytfrexercises proposed to learners
by teachers of all subjects from elementary to tighool. Finally, we show how we
have implemented a software able to generate theseises, using existing generators
when available.

2.1. Typology of 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.

Our typology contains eight exercises patterns,esafwhich can be split into
several operational patterns. A&rercises pattern (e.g. C - Organization of items, in
Figure 1) defines a category of exercises genemsitdthe same exercises generator.
An operational pattern (e.g. C1 - Classifying objects) specifies a sulodetxercises
generated through the pattern generator (here @),with particular generation
constraints. Our typology contains fifteen openagiopatterns defining fifteen types of
exercises. The generic structure of these patterdshe set of metadata common to all
patterns are defined in a patterns structure. Rtmre, creating aexercises structure
consists in associating an operational pattern géheration constraints. Creating an
exercise consists in assigning to the parameters of theceses structure values that
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satisfy these constraints. Thus created exercigesamposed of elements of wording
and elements of answer proposed to the learnerelhsis the solution to the teacher.

Pattern structure
General structure

Metadata

[—
C2
Objects Conjugation
grouping

. PRl ] I
Exercises structures 1 Structure C1.001 Structure €1.002 Structure Structure Structure
P Sorting numbers in Putting a text in the ) H1.001 H1.002 H1.003
! ——— ascending order 4 = ricrmmgim= e | = Doguments study MCQ Essay

. = .
Sortnumbers from the Classify this numbers in Legend: Complete enumeration

: |

Exercises

| | smallestto the ascending arder. ) Patterns [[__T] Exampleof structurss ™ of components
\

biggest: 1133, -0.33, 1132, 1.32, -
1‘_;; Sands, and 123 — ' T Operational patterns D Example of exercises  — —w Enumeration of some

avamnlae

Figure 1: Typology of pencil and paper exercises

2.2. Generation of exercises

In this section, we present how the system gernematercises corresponding to the
eight exercises patterns we have identified in exgrcises typology (see A to H in
Figure 1). We show how we studied existing genesatoonsidered reusing some of
them in our system and how we developed a genethitecture that we then
specialized for generators useful to Adapte.

2.2.1. What type of generator for Adapte?

The study of existing exercises generators leadfo udassify them into three
categories.

First, fully automatic generators generate exercises without any intervention of the
user [1] [2]. Their strength is to quickly creatéaege number of exercises, but they are
not customizable by teachers. Therefore teachersiedher adapt them to their work
habits, nor to the specificities of their students.

On the oppositemanual generators, named authoring tools, guide the user in the
design of exercises [3]. Their strength is to give teacher complete freedom both in
the application domain and in the educational aaréthe exercise. But, in return, the
teacher must fully define the exercises and thairt®ns, which is a tedious task, that
restraints the use of such systems.

Half-way between these two typesmi-automatic generators can construct the
terms of exercises themselves, but they allow tber Wo intervene in the creative
process by specifying a set of constraints on Xegogses he wants to create [4]. Semi-
automatic generators have the same strengths asnatit generators (quickly
generating a large number of exercises) and proadsolution to their lack of
flexibility: teachers can tune the parameters afegated exercises.

In the case of Adapte, the most suitable approsth incorporate semi-automatic
generators since they create a large number otisgsrand permit the personalization
of their generation. The problem is to know whetties is possible or not for all the
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exercises patterns we have identified. For exampileyiding a fully generic semi-
automatic generator for the creation of a Multi@&oice Questions test, for all
disciplines and levels, appears unrealistic. Indéfsid would require using very large
knowledge bases to cover all disciplines and aléle of education. A compromise
could be to offer the teacher a manual generatableng him to provide the knowledge
base for an exercise (a set of questions with aéelpices for each). Then, the system
would choose several questions and answers, raglamme words by equivalent
terms in order to diversify the wording. This saduat allows, for the same exercises
structure, to generate various Multiple Choice Quoas tests: they will have no more
than a few questions in common, and for them, thidlynot necessarily have the same
proposed answers. We use this approach, whichsreliethe teacher to provide the
knowledge bases for the semi-automatic generatorsases where state of the art
semi-automatic generators seem unrealistic in enegc context.

Having choosing to use semi-automatic generatoesthen studied the possibility
for each Adapte exercises pattern to use existenemtors. If we except the F-type
exercises of Figure 1, with the generators whichewayvailable to us, the teacher has
either to key in the exercises completely or henoarinfluence at all the creation
process. Using such types of generators would pesented us to propose a random
option to teachers in the generation of their esesc For categorized scientific
problems (F-type in Figure 1), we integrated intdapte, GenAMBRE, the generator
of AMBRE-Teacher [4], implemented to create arithmetic wanablems in the MBRE-
add ILE. By providing the necessary knowledge hatbés generator could be used in
a generic way and thus provide exercises on prablemcombinatorial analysis,
thermodynamics, etc.

2.2.2. Architecture of semi-automatic generators

To each exercises pattern presented in Figure fesmonds a generator that
creates exercises for the learner and answerfidoteicher. An answer will be either
defined by the generator if possible, or keyedyirthe teacher. If some constraints are
not specified by the teacher, they will be speditiy the 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 cgmyth a generic architecture (see
Figure 2) that we will detail before giving an exam The knowledge of the
generators is provided partly by the designer efdpstem, and partly by the teachers
who thus complete gradually the knowledge bases.

General level Exercises Knowledge common Knowledge
pattern to all domains of layout

Domain level

Knowledge specific to

one domain
—_ .. — .- ._ _____ ‘r__ — _\_ _‘, ........ - oo—-
Generation
level Definition of Generation of an
constraints exercise and its answer

_ e — = = = \_/_/V .............. C—_

Exercise level . )
Exercises structure Exercise

Figure 2: Generic architecture of exercises generats
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Thanks to this generic architecture of exercisasegsors, we can specify four
levels. Thegeneral level contains the knowledge common to all domains foictv we
want to generate an exercise, e.g. the knowledgéresl 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 ex@gipattern saved in an exercises
structure; instantiation of this structure to geteran exercise and its answer; layout
enabling to provide exercises with a uniform préston. Finally, theexercise level
contains all the documents for the created exeraiméuding the exercises structure
and its instantiation (wording of the exercise aadnswer).

Categorized scientific
problem pattem
Theme Complication Sentence Classification Reformulation Resolution
knowledge knowledge knowledge knowledge knowledge techniques
Generation of Generation of

SYRCLAD
problem pattern problem statement
Exercise level / \ /

Exercises structure Pattem of problem Descriptive pattern

(constraints) generation of the problem
Problem wording

(in natural language)

General level Grammatical Layout

knowledge knowledge

Domain level

Generation level

GenAMBRE GenAMBRE

Definition of
constraints

Exercise
Problem answer

Figure 3: Architecture of generator for "Categorized scientific problems"

To illustrate the genericity of this architectuves explain how we have applied it
to the categorized scientific problem generatoe (Bgyure 3): this type of exercises,
which can be found in scientific academic subje¢teathematics, physics,
chemistry...), is based on classes of problems. 8ifect the student to solve the
proposed problem by identifying its class. For eglem"We have a pack of 32 cards.
We take 5 simultaneously. How many draws contaicy 2 knaves and 2 hearts?".
To generate this type of exercises, the systenthigasxercises pattern corresponding to
it, the knowledge of general level (grammatical ktemlge, layout knowledge), as well
as the domain knowledge (knowledge on the sentetices theme and the possible
complications of wording; knowledge of classificatj reformulation and problem-
solving techniques that enable the system to shlweproblem). Before the generation,
thanks to an adapted interface, the teacher spgctfie generation constraints that will
be saved in the exercises structure (for exammeptbblem class, the characters or
objects of the wording). The creation of the exadises the GenAMBRE generator
[8] then the SYRCLAD solver [4] to provide a sobrito the proposed problem.
Finally, a layout phase standardizes the presentafithe exercises.

We specialized the generic architecture alike tfindethe exercises generators
associated with the exercises patterns excephéotlemonstration” pattern.
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3. Implementation

These architectures are implemented in the Adapiduta. When a teacher wants
to create an exercise, he has first to choosediresponding type of exercises on the
screen presenting the different exercises pattéechsFigure 1 and Figure 4). For
example, to propose conjugation exercises to rasnés, the teacher chooses the
“tables” pattern and the operational pattern c@uoesling to conjugation.

[FiExercises patterns =[0f ]

€ Questions / answers Examnple:
Answer with yes or no to each of the following propositions: a YWas Qliver Crarmwell
Gl I ereeoniy platediy o and the only Lord Protectar of England? b. The Lancastrians and the yorkists wera the
L I rival fractions in the Wars of the Roses.

Work on text  Text analysis © Ward identification Example:
 Definition  Tewt transposition Camplete: Joan (to play) _ foothall every day.
Allows to propose gap-fill texts or exercises asking the learner to identify parts of
atext
Organization of items Examnple:
= Put the phrase back in arder. Mr and Mrs Jones each other love
" Objects classification " Objects grouping

Work on illustration S .
i i Coloron the map the countries of the European Community et write their name.
 lllustration annotation £ Pattem copy [ map..)

Allows to propose to fill in diagrams or to propose wiiting exercises.

E

carmple;

Exarnple:
LTl € Double ertry tables Conjugate the following verbs in simple-past: to do, to have, to finish, to eat
" Conjugation  Multiplication / addition

Allows to create exercises with conjugation tables in different languages, or
addition and multiplication tables

o 5 Exarnple

" Algehraic expressions e i g =
Allows to propose exercises on el L in algebra

 Categorized scientific problems Eo

John has 32 marbles. After recess, he has 45 marbles. How many marbles did he

Allows to create wording of problems (now only arithmetic problems). win duting recess?

T Help | E X Cancel | Create an exercises structure | Load an exercises structure

Figure 4: Choice of exercises patterns in Adapte.

From this operational pattern, the system prestmsteacher with an interface
enabling him to define the constraints of exerciggneration depending on his
pedagogical goal (cf. Figure 5). The teacher chemsedanguage (English in our
example) and can specify the tense (indicative gmtesn the example), persons
(random in this example), types of verbs (regulairegular for English language)
and/or verbs (to eat and to play are priority varbthe example), and the number of
verbs to be proposed to the learners (for exampleéo2ity verbs among 5 verbs).
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[FlExercises generator for the type "Tables" =]

Wording
@ Selection of a predefined warding
ICumugate the following verbs for the given tense and person j
C Typing of a wording
[ Constraint:
Language IE”B“Sh j
Tense Imdmauva?presem j
Group
’V I~ Regular ™ Irregular
rPerson
(i I he { she /one I~ Vou I Al
[~ you [ we I they
Priarity verbs
[l to eat Ctobe Cto paint Cto copy
¥ to play [to finish [Ito follow [Cto have
o became Cto dance [ to drink [ to think
Quota
Taotal number of verbs 5 ‘: with g |: verhs priority
Z Hely | 3% Cancel | << Previous step | Nest step == | A cwit |

Figure 5: Definition of constraints for the “conjugation” operational pattern of Adapte.

Wording: to eat : | eat, you eat, he eats, we eat
Conjugate the following verbs for the given tense and person: |to play © | play, you play, he plays, we play
to eat to play to become to follow to finish. to become ;| become, you become, he becomes, we hecome

to follow | follow, you follove, he follows, we follow
to finish - | finish, you finish, he finishes, we finish

Wording: to eat © we eat
Conjugate the following verbs for the given tense and person:  [to play @ we play
to eat to play to paint to have to fallow. to paint @ we paint

to have © we have
to follow : we follow

Wording: to eat : |eat, you eat, we eat, you eat
Conjugate the following verbs far the given tense and person:  |to play © | play, you play, we play, you play
to eat.to play to be to finish to dance. to be : lam, you are, we are, you are

to finish | finish, you finish, we finish, you finish
to dance : | dance, you dance, we dance, you dance

Figure 6: Example of exercises generated by Adapfeom the previous constraints.

All these constraints are saved in an exercisestsiie, described with metadata to
facilitate its reuse. The system generates thecesesy contained in the personalized
worksheets from this exercises structure. Thugiitegates different exercises from the
same exercises structure (cf. Figure 6).
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4. Conclusion

As a solution to the problem of personalizationledrning, we established an
approach helping teachers to propose pedagogidilities suited to learners’
knowledge and to teachers’ needs. In this framewovk focused here on the
generation of pencil and paper exercises.

First, we presented our typology of exercises taat be given to a learner from
primary school to high school. This typology inchsdfifteen types of exercises. We
defined it with the primary school teachers asgedidao the PERLEA project. To test
its scope, we have worked with secondary teackéesobserved each of the exercises
they use for their French, English, mathematioslogiy, history and geography classes
for all levels of secondary school. All the exeesisused were in our typology. Now,
we have to work with experts in educational sciemgecompletely validate our
typology, both in its genericity and its completssie

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 geoerdy implementing some of them
in varied domains (e.g. we have implemented thdesalyenerator to propose
conjugation exercises but also multiplication oditidn ones, the “working on text”
generator to make exercises in French, history). etc

Then, we developed Adapte. The module design wate nma partnership with
teachers (according to differentiated design [Bl) &e have submitted it to these same
teachers and to a teacher outside the PERLEA prdjatil now all their feedbacks
seem to validate the software and its design. Vheem is usable and permits teachers
to define the constraints allowing to generate @ges matching their needs (expressed
in the constraints they defined) and their learnémsowledge (due to Adapte
functionalities not presented in this paper [9])e Wust now make a more rigorous
evaluation. This evaluation will be conducted wikperiments with more teachers
unrelated to the conception of the module. Thespemxents will involve all
concerned modules of the PERLEA project environniéft and range from the
description of a learners profiles structure by thacher [7] to the effective use of
personalized activities by learners [9].

In the continuity of this work, we are presentlyighing the implementation of the
Adapte part that offers sessions suited to learskilts on an external ILE.
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