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Abstract: Personalization of learning is a complex task witbfectives are manifold. One of
them is to provide teachers with tools allowingnthi® personalize activities assigned to learners.
The PERLEA project takes a step in this directionpbgposing a system enabling teachers to
manage learners profiles. Within this system, tdegte module is responsible for the creation of
activities adapted to a given learner. This tageidormed according to the information available
in the learner profile and in collaboration witta¢kers. Created activities are either paper and
pencil worksheets or ILE-related activities. Thappr describes the mechanism of the Adapte
module and demonstrates how it helps teachersrtopalize better learning activities.

I ntroduction

Personalization of teaching and learning activiteewiidely considered as a topical issue in thkl faf research
in educational technologies. Personalization oivdigts, i.e., their adaptation to the individuglizf each learner, is
an efficient mean of improving teaching. Howevengdo the diversity of learners, the variety ofiattons and
subjects under study, personalization is oftenrapex and time-consuming task. For that reason,beoduse of a
lack of adequate tools, teachers do not efficiepdysonalize pedagogical activities. Therefore etlgping software
to assist teachers in this personalization taskwamout to be very helpful.

Personalization is a multi-faceted research questib can concern paper and pencil activities, rhtgve
Learning Environments (ILES), interactions betwésachers (or interactive environments) and students In any
case, the personalization process has to rely ecifgpinformation about the context, the actiwstiand, most of all,
about learners. Usually, information about a gilearner is gathered into “learners profiles”, camteg elements
characterizing knowledge, skills, perceptions, antehaviour. These elements are either colleate@duced from
pedagogical activities, computerized or not (Jeantilas & Eyssautier-Bavay 2005).

In this paper, we describe Adapte, a generic tookd at personalizing pedagogical activities of &img (paper
and pencil or ILE-based) based on learner profikdapte provides two ways of personalizing pedacslgi
activities: the first involves using an embeddedwledge-based system that generates pedagogideitiest
adapted to a given profile and the other involvesviding teachers with easy-to-use tools allowihgnh to
interactively define sequences of personalized gegiaal activities. The paper is organized as f@ioThe next
section presents a case study of a situation wiéeacher wants to personalize some of his pedegjoagtivities
and shows how Adapte can be helpful in such a tgituaNext, the personalization issue tackled inapig is
analyzed from two reciprocal views: (i) how Adapsn help a teacher during a personalization tas&?ig what
does Adapte need in order to work? This cross aisalgads us to define the technical requiremefntiseomodule.
Next, we describe the mechanism of Adapte withexifip focus on the knowledge bases used by thegsses of
the module. We then discuss validation and evalnaif the approach and ends with concluding remarks

Per sonalization of Pedagogical Activitiesin a Classroom: a Case-study

Throughout this paper, we will refer to the follmgi example. In an eight-year-old pupils classroarntgacher
uses an ILE of the geography domain. After eachnieg session, this ILE generates a profile pernea In
addition, all the pupils have made national asseassnin mathematics and French. The teacher hasregdt the
results (information on achievements, mistakes d@iffitulties) for each student. Thus, for each pupe has a
numeric profile coming from the geographic ILE amgaper and pencil profile coming from the assessriue
mathematics and French. The teacher wants to éxpkse profiles for the elaboration of personaliexercises
sheets (calledvorksheets) for each student. Therefore, for a given studert for a given subject (geometry for



instance) he is going to take into account not dnéystudent's skills in this subject, but alséianch, in order to
vary the language complexity of the statementshénsame way, the teacher is able to define thenpeters of the
geographic ILE in order to design learning sesstbatare well suited to learners depending o heifiles.

In practice, performing such a personalizationdsan easy task for the teacher, for two reasohs.fifst one is
the lack of time to process all the information ikalde to design personalized activities. The sdcone is the
absence of tools helping teachers in their persmatain tasks. For example, as far as we know,oob dllows a
teacher to easily re-use profiles coming from aB tr to link them to hand-managed paper and pemoiiles.
Producing personalized worksheets is a complex @aslell. If teachers do not create exercises takms, they
have not only to find reusable existing exercisatsatso to adjust them to their needs. They alse ba choose, for
each student, the exercises to be put in the wedtsin any case, this work requires a great ire/lent.

However, researches on the field of educationdhrtelngies make significant contributions in relatiwith
personalization issues. For example, ILEs are aftestomizable either through the model of learheytcontain
(Burton 1982), (Vu Minh et al. 2006), or through @aministrator interface (Duclosson et al. 200B)jcéud et al.
2003). In the first case, ILE offer sessions suitedeach learner but the teacher is not involvetha decision
process of the system. In the second case, theeehanself defines the parameters of the sesgomsosed. As
when creating worksheets, when the teacher peiigenahn ILE session, he has to decide what kindctif/ity
should be provided to each student. Therefore, ameobserve that depending on the ILE, either thehier is not
involved in the proposed sessions, or has to p@dadmportant work to personalize them.

Tools aiming at providing teachers with a supportgersonalization have to face several difficslti®n the one
hand, they have to adapt themselves to teachdo#shavithout trying to replace them. On the othand, in order
to be truly helpful, they have to cope with theenegeneity of pedagogical situations and to the eroos
pedagogical tools that can be used in a classraotext. Adapte takes a step in this direction bghbding teachers
to easily personalize a wide range of external lagEsvell as paper and pencil activities.

Adapte, a Tool for Supporting Personalization of Pedagogical Activities

Adapte is a tool dedicated to the personalizatiowanious kinds of pedagogical activities basedrdarmation
available on students profiles. Even if it can ba as a standalone application, Adapte is maingigied as a
module of the BROFILEA environment. On that account, it benefits from ¢erall infrastructure of the PERLEA
project for integrating, managing and reusing pesf(Jean-Daubias & Eyssautier-Bavay 2005).

In order to illustrate BROFILEAS mechanism, let us go back to our running examybatever the final
objective is, reusing profiles from several souteere, national assessments in mathematics andtsrand ILE in
geography) requires a good knowledge of their stres. With PROFILEA the teacher defines a unique profiles
structure describing the information containedhie two main types of profiles. This profiles sturet contains
information on the three disciplines. Next, thectest specifies to the system how to automaticadigvert ILE
profiles to get the geography data, and includésrimation on the mathematics and French. At the @ithe
integration phase, the teacher has a unique pugilering various subjects for each student.

The second phase of the environment offers ricls a¢hese profiles such as visualization or exatmn. One
of these uses is provided by the Adapte module lwpiovides teachers with activities adapted tonlea profiles.
These activities can be worksheets generated bgydtem or computerized activities managed by dereal ILE.

The BPROFILEA environment is still under development but theical parts are already completed and several
experimentations have already been conducted. €helapment of the Adapte module, which is descriinetthis
paper, has been completed recently.

Challenges Addressed by Adapte

During the conception of Adapte, our main challenge to make a component that was at the sameusatde
and useful for teachers. Hence, in order to clemdntify the particular needs of teachers, we haxganized
several interviews with a group of teachers. Aftés first phase, we had the basics to better whaled what help
does a teacher need during a personalization oddé® next step was to design the module groundethe
results of this preliminary analysis. Several atpetthese two conception phases are discussedftar

What help for the teacher? The role of Adapte is to provide learners withhaties suited to their profiles. These
activities can be paper and pencil exercises ompabenized activities managed by an external ILEthie case of



paper and pencil activities, Adapte is able to gateeworksheets matching the profile of each learfie do so, it
creates tailor-made exercises to be included irstiet and determines the size and/or duratioheofttivity. It

can also provide the teacher with answers to tleeceses contained in the sheet. In order to gemeraércises,
Adapte relies on its embedded exercises generdtoithe case of computerized activities, three qaalBzation
scenarios are possible, depending on how ILE astomizable. Either Adapte provides the parametéthenILE,

or it defines an instruction sheet for the teadbeset ILE through an administrator interface éthe ILE is not
customizable at all, it provides the teacher witlstaof exercises that the student will have tootiathe ILE. In any
case, Adapte sets personalized sessions on thade&rding to the learner profile and determinesrtheaber of
exercises, the order in which they should appeditlaa duration of the session. Depending on theatiins, Adapte
is able to use external ILE exercise generatote pick up exercises in the ILE database.

What sort of expertise does Adapte need? In order to efficiently assist teachers in theidagogical tasks a system
must have a certain amount of knowledge and exgertinowledge and expertise have to be acquired dtmmain
experts, i.e. teachers. For that reason, duringélsegn of Adapte, we have spent time with teacimeosder to learn
about their teaching practices, the rules theytosessign exercises depending on pieces of infeomalvailable in
profiles, etc. We have also provided Adapte with #bility to acquire additional knowledge whensitused by
teachers. As a result, Adapte is better able tadrgwith time and to adapt itself the teacher’kitssand practices.
In Adapte, a teacher can specify his own teachingtegjies. For that purpose, he creates actividtasctures
containing a set of constraints for generatingedecting an activity (paper and pencil or compuaei activity).
After creating activities structures, the teachefires constraints on the learner profile. A lirdteen a part of a
profile and one or more activities structures ibecban assignment rule. The teacher defines ditegstrategy for
a given teaching situation by organizing thesegassent rules into a hierarchy according to thespeetive
importance. In our running example, the teachimgtetly that is defined to create paper and penciksheets
contains all the assignment rules referring to theee sections of learners profiles (mathematiagnéh,
geography). Thus, the teacher specifies, in mattiesnfor example, that if a student has difficudtieith additive
word problems, then he will have to solve such faais with small numbers and short sentences (iardaifocus
on the main difficulty). However, if a student hgsod results with additive word problems, then hi kave to
solve exercises with larger numbers, with calcafei requiring the use of carry over and with ser#sn
unnecessary to the resolution of the exercise. @hetes really do link up learners profiles (magtef a
competence) and an activities structure (all thestaints allowing generating exercises on the tagdiword
problems). The assignment rules enabling to pelizenshe ILE on geography contains activities stuves.
Constraints on these activities structures enatdeto choose, within the exercises database ofwtich exercises
can be proposed to pupils. These activities strastaan also contain constraints allowing genegatgw exercises
using the generator integrated to the ILE on ggaigyaThese assignment rules refer to the data ogrgphy in the
profile, but also to the data on French in ordecdaosider, for example, some students’ difficulfreseading. After
defining his teaching strategies, the teacher fipsdiis teaching situation by defining constrawtsich generally
enable him to get worksheets corresponding to eeds for the whole class. For instance, he canfgpecthe
system that would like worksheets for an hour stuaythat he wants worksheets containing threecises. At any
time, teachers can modify worksheets generateddapte by adding, deleting or modifying exercises. &xample,
if the values of an exercise are not satisfactdrgy can modify them by requesting a new versiothefexercise.
Likewise, they can change the personalization pgeddor a given ILE.

What arethe Theoretical and Technical Needs of Adapte?

Several requirements have to be satisfied in dalerake Adapte able to create or select activijgsopriate to
each learner and to add them in the worksheet ihieiisession proposed for an ILE.

Concerning paper and pencil activities, it is brettegenerate them rather than choose them in @dsé, in
order to have enough variety of problems and tetguestions specifically thought for each learkiée. therefore
have listed the exercises that teachers from pyirand secondary schools give to learners, foriadiplines, and
we have identified a typology of exercises. Froim thipology, we have proposed a set of semi-auticngaherators
that can generate exercises with or without therueintion of the teacher. In order to personalizélLd&, Adapte
requires a set of pedagogical knowledge (paraméteracting the personalization, competences inwhlec.), as
well as a set of technical knowledge (location afifiguration files, existence and use of an exergsnerator, etc.)
on this ILE. This knowledge is specific to each |eBd must be provided by an expert or by the ILEigter.
Adapte also requires knowledge on the teachindegfies specific to each teacher and referring pooéile with a



given structure. Hence, we have to define a mesharinabling Adapte to apply these teaching stregetgi each
profile. So Adapte has been fitted up with a sekmdwledge to evaluate the assignment rules cagdain the
strategies according to each profile. Thanks te H#rowledge, Adapte can create consistent paperpandil

worksheets from generated or selected exerciséls,respect to time constraints, page format sedtinte. Finally,
this knowledge enables the personalization of &bl creating valid sessions. All this knowledgénidependent
of the domain of the work provided to the learned & also independent of the external ILE thattdaeher wants
to personalize.

M echanism of Adapte
The mechanism of the Adapte module is describedrignl. This figure shows that the reasoning predas

Adapte is decomposed in several steps that expeivarious knowledge bases. The different knowdelases as
well as the steps are detailed in this section.

ADAPTE v
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|| Entry or exit files + Report for the teacher

Figure 1. Mechanism of the Adapte module.

Paper and pencil exercises patterns. An exercise pattern contains the theoretical didimiof a category of
exercises structures. An exercises structure amntall the constraints to create an exercise oéréicplar type.
Currently, we have identified eight exercise paiserThese exercise patterns are independent adahwin for
which we want to generate an exercise. They carsbd to generate exercises structures dependté@ dbmain.

Knowledge for paper and pencil exercises generation. This knowledge includes the eight semi-automatic
generators used to create paper and pencil exerdibese generators use exercise patterns in torderow the
structure of exercises that can be generated. Baochrator contains knowledge on the domain of #wemted
exercise (e.g. knowledge of calculation for matlereises) and general knowledge independent of xeecise
domain (e.g. grammatical rules to generate exexyd¢aenulated in natural language).

Pedagogical and technical knowledge on ILEs. This knowledge is dependant of the ILE and the domghe
pedagogical knowledge contains everything reladwhat is taught in the ILE (parameters impactihg t
personalization, associated competences, etc.). t&tienical knowledge specifies how to act on th& o
personalize it (location of configuration files, aleble generators, exercise bases, etc.). Theee d®se link
between these two types of knowledge. For exanyéh types of knowledge are required in order tdk lan
exercise from a database to the competences thabbrcise puts into practice. All the knowledpewa the ILE to
personalize should be provided to Adapte by anmxgey the designer of the ILE.

Knowledge for personalizing activities. A personalization of activities contains, dependimgthe use of Adapte,
either worksheet to be printed, or parameters é@makthe personalization of an ILE. In addition¢dntains a report
for the teacher indicating what is proposed to ldsner (exercises, planned working time, .€1d)e knowledge
used to create a personalization of activities @ostthe rules used to create a paper and pendiktweet based on
generated exercises or to create personalizecbesssin an ILE. This knowledge is independent ofdbmain and
independent of the ILE that we want to personalize.



Based on the available knowledge and with the bélne teacher, Adapte can propose activities a&diajut the
learners profiles. For that purpose, the teachéinete teaching strategies by creating a set ofgassnt rules.
These assignment rules use the activities strigtooatained in the system or defined by the teacheen the
teacher specifies his teaching situation and tlstesy creates personalized activities. We will ne@salibe each
step of the personalization process performed bgpfal All these steps were defined to enable Adaptauild
paper and pencil worksheets or to personalize Bn IL

Integration of ILEs. This step is performed by an expert or by the desigf the ILE to personalize. It enables to
integrate the necessary technical and pedagogimatledge for each ILE. This step is compulsorytsat Adapte
can personalize an ILE. However, it is only doneeon

Creation of activities structures. This step is performed by the teacher in ordereiind exercises corresponding
to his working habits. For the paper and pencit paAdapte, the teacher chooses an exercisespéite. a type of
exercises) and defines his own constraints sotti@ystem can generate satisfying exercises adogotd this
pattern. For the personalization of a specific Itli& teacher can either define the constraintxefoise generation
(when the ILE contains a generator), or definedtestraints to select an exercise in the systeabdat. All these
constraints are saved in an activities structure.

Creation of assignment rules for allocation of activities to learners. This step is performed by the teacher and
enables him to link parts of learners profiles tdivdties structures. The parts of profiles areestdd and are
constrained in order to select students with paldaicproblems or competences. For example, thehézamight
want to select in the learner profile the competetrmastery of the punctuation rules,” and to previdtype of
exercise for students with a success rate betwestd ®5%, another type of exercise for those withte between
25 and 75%, and nothing for students with a rag@dri than 75%.

Creation of teaching strategies. This step is performed by the teacher and enaldegdichoose the assignment
rules he wishes to use. It also enables him teiflathese rules by giving them a level of impod@nThis level of
importance is used when the system cannot chodge®e two exercises to provide to the learner. paarity, the
system will provide activities associated to thie mith the highest level of importance.

Specification of the teaching situation. This step is performed by the teacher and is madef two parts. First,
the teacher specifies the learners profiles forctviie wishes to obtain personalized activitieso8ely, the teacher
defines the constraints enabling to “limit” the Wsieets or the ILE sessions. In our situation littot” means to
specify the duration of the working session, tossetaximum number of exercises, etc.

Creation of personalized activities. This step is performed by the system and by ugagkrs profiles, teaching
strategies defined by the teacher and knowledgeeetlto the creation of paper and pencil worksloegb the
creation of sessions on an ILE. After Adapte hamppsed its selection of personalized activities, tdacher can
validate or modify the choices of the system.

Conversion to a norm. This step is optional in the mechanism of Adaptesnables one to convert paper and
pencil exercises, generated by Adapte, into a gham, thus making their exchange with other systewssible.
Thanks to this functionality, Adapte is interopdealvith other systems.

Discussion and conclusion

Evaluation issues. From a software engineering point of view, Adaptiilfs all the requirements for such a tool.
It has the ability to exploit profiles, to creataper and pencil worksheets, to generate configundiies for
configurable ILEs, to produce procedures guidiragiers during the configuration of external ILBs, 8esides, it
is equipped with knowledge acquisition facilitiéait make it able of evolving and improving itselfiwtime.

In order to validate the internal process of theluie, we have tried to re-generate existing worgshémanually
created by secondary school teachers in mathematmsgy, history and English) only by using theokvledge
available in the system. The results of this expernitation were fully satisfactory as we were ablestgenerate all
the worksheets. We have also checked that Adapgeab@ to configure external ILEs by using it tafigure five
new ILEs that were not part of the initial study.

Now that Adapte is fully implemented, several expentations can be envisioned to provide an evialoaif
the usability of the tool by teachers in real dituas. For a first experimentation currently congalcwith a teacher,
we focus on interaction issues, interface ergonsiisigsues and we question the easiness of appioprdadtthe tool.

Another point in our experimentation agenda is atidate our exercises structures and, as a consegueur
exercises generators, from a pedagogical viewpohis evaluation requires collaboration with edigal sciences
researchers and constitutes an important futuré&.wor



However, in order to evaluate in depth the benefithe Adapte module, real-size experimentationsituation
are required. Such experimentations will imply &plby not only Adapte, but the fullPROFILEA environment in
the context of a classroom or a school and to irevaleveral teachers, possibly not related to tgegtr so far.
Setting up such experimentation is a complex thakijt will enable us to study in depth the glotslevance of our
approach as well as the specific efficiency of eamimponent of the mechanism.

Strengths and Weaknesses of the approach. Several issues related to the design choicesdapte are currently
under investigation. First, the international conmitys has defined a certain number of norms anddstads (for
example SCORM and LOM) for educational tools (Kop@01). Norms and standards improve the interojiléyab
of systems using them. However, they do not prousievith any support to make interoperate two &pgibns not
using them. A major strength of Adapte is thasi@able to cope with any application, even if ini developed
according to a specific norm. Adapte has not beesigthed with respect to a specific norm; howevenais a
functionality enabling the exportation of its gested pedagogical activities in any standard.

We are also concerned about the issue of the ugadfilAdapte within the context of a classroom.eB\f the
tool is easy to use for a teacher, setting it upegaseveral technical issues and requires sesiilis and a little
involvement from the teacher. A simple examplehie tiutomatic configuration of an ILE. For an auttma
configuration, Adapte and the ILE that has to befigared have to be installed on the same comp#rerwise,
the teacher will have to manually copy the confegian files on the right place, which can turn datbe
complicated. In order to tackle this issue, we khabout developing a distributed version of theesysbased on a
web application principle. However, this solutioashnumerous technical impediments. Besides, we evoihcll
teachers will have time and the will to involve ieelves in the implementation of the tool in tre@assrooms. A
distributed application facilitating a collaboratiwork might be starting point to solve this is#ui¢ alleviates the
load of work of each participant.

Conclusion. In this paper, we have presented Adapte, a modiltne PERLEA project dedicated to assist
teachers in the process of building activitiesesliito learners by using learners profiles. All finectionalities are
fully implemented. Only five exercises generatams missing. Hence, Adapte now allows teachers retthduild
personalized paper and pencil worksheets or toigungf external ILEs to personalize learning sessiorhe
mechanism of Adapte has been validated by sewestd and several facets of the module are curreundjuated.

Open research issues are numerous for Adapte hasvier the PERLEA project. For Adapte, in additio the
technical improvements that are already plannedajr issue is to study how it can be extendedtterokinds of
pedagogical activities such as collaborative tesgldr collaborative learning for example. Our méinus is to
design a framework able to adapt itself, to evalmd to cope with a large range of other pedagoticas$. Indeed,
we believe that these features are necessary itbals/aiming at truly helping its users.
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