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Abstract. Among the main issues of future technology-enhdniearning
systems, we can mention the following ones: thditahtio reuse learning
resources (learning objects, tools and servicesh fiarge repositories, to take
into account the context and to allow dynamic aaféq to different learners
based on substantial advances in pedagogical &seand knowledge models.
In our framework, the goal of scenarios is to diéscthe learning and tutoring
activities to acquire some knowledge domain (fatance physics) and know-
how to solve a particular problem. The main contiitn of this paper is an
adaptive and context-aware model of scenario bareal didactical theory and
closely related to a domain model, a learner modaetpntext model. These
models are acquired from: i) the know-how and praktices of teachers in a
problem-based learning approach in a particulamémork: an institution
IUFM, different categories of probationary teach@sourse about “the air as
gas in its static and dynamic aspects: propertiegry and applications”; ii)
the theory in didactic anthropology of knowledge @hevallard [1]; iii) a
hierarchical task model.

Keywords: Adaptation, context-aware, didactical theory, modg&lscenario,
hierarchical task model, Task/Method paradigm.

1 Introduction

Among the main issues of future technology-enharieathing systems, we can
mention the following ones: the ability to reusart@ng resources (learning objects,
tools and services) from large repositories, teetako account the context and to
allow dynamic adaptation to different learners blas®m substantial advances in
pedagogical theories and knowledge models [2].We iaterested in technology-
enhanced learning systems using a problem-basetrigaapproach, represented by
scenarios. In our framework, the goal of scenaisoto describe the learning and
tutoring activities to acquire some knowledge daomébr instance physics) and
know-how to solve a particular problem. A scenan@y depend on several
dimensions which describes different learning $ituns (in some way): the learning



domain (course topic), the learner (his know-howd dmowledge levels), the
tutor/teacher, the learning and tutoring activit{lseir typology, organization and
coordination), the activity distribution among Iears, teachers and computers, the
learning “procedures” according to a particularaadh institution / university and the
didactical/pedagogical environment. In order to |de&h the broadest range of
learning situations, it is necessary to design tdapearning systems which have the
ability to take into account these dimensions. Mhetess, research on the learning
scenario models leads to the standardization ohgegical approaches - for instance
IMS LD [3]. These models require authors/teacherprbduce generic and standard
models which are neutral on a pedagogical andadtical point of view [4]. For
instance, learner and tutor activities and adapiatcannot be sufficiently
accommodated. It is not possible to specify theagament of knowledge and know-
how levels of the learners according to the knog#edomain and the context. In
other words, these scenario models are unabledbvdéh the different dimensions
previously introduced.

The main contribution of this paper is an adaptwel context-aware model of
scenario based on a didactical theory and clostéyad to a domain model, a learner
model, a context model. These models represendifferent dimensions and are
acquired from: i) the know-how and real practicésemchers in a problem-based
learning approach in a particular framework: antituion IUFM?, different
categories of probationary teachers, a course dhlgtair as gas in its static and
dynamic aspects: properties, theory and applicgtjoit) the theory in didactic
anthropology of knowledge of Chevallard [1]; iii) éerarchical task model. A co-
design methodology has been used to articulatdéeaeal practices, the Chevallard
theory and the hierarchical task model to define different models [5]. The
hierarchical task model enables us to define thenlag and tutoring activities, the
activity distribution among learners, teachers emchputers and also to transpose the
main concepts of the Chevallard theory. The conteodlel implements the didactical
environment acquired from the Chevallard theory #radteacher real practices and
know-how.

First of all, we briefly present the MODALES profén which our research takes
place. Secondly, we present the main contributiminthe didactic anthropology of
knowledge of Chevallard theory in the acquisitieadher real practices and know-
how. Thirdly, the computer-based model of scenasiopresented and detailed.
Finally, the conclusion highlights the main reswfghis study and point out the next
research issues.

2. The MODALES Project

The MODALES project is aimed at designing an ada&ptiearning system for

probationary teachers, based on real practicesteaxcher know-how. The course
topic is about “the air as gas in its static andadyic aspects: properties, theory and
applications” for different categories of learnefihey are probationary teachers:
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primary school teachers (called PE for “professbag Ecoles” and secondary school
teachers (called PLC for “professeur des Lycéd3atieges”: earth/biology sciences
and physics. The teachers are considered as expeesucation. In MODALES,
scenarios may change according to the followingufes: i) the category of learners
having intra and inter category variability; ii)ettavailable resources from different
domains - physics, didactic and epistemology - Witan be determined by teachers
i) distance or face-to-face activity according lemrner needs, learning policy and
didactical environment constraints iv) the sharimigactivities between teachers,
learners and computers according to learner needdesrning policies. The main
issue is to design a generic scenario which can wdéh the broadest range of
learning situations (from a computer science viem)o

3. Acquisition of teacher practices and know-how

Firstly, several scenarios based on a common legurstenario P(whose variables
are learners, the expert teacher and the availabtrirces) were built [6].

Secondly, we use the theory in didactic anthropplofgknowledge of Chevallard

to go further [6]. The praxeology systeVi{ /@) of the Chevallard theory enables
us to acquire the scenario model and the didacegeaironment. According to
Chevallard, teacher and learner activities candseribed in terms of types of task
T. achieved by techniquaswhich may be recursively achieved by subtasksThus,
a Task/Technique systerfi/{) has a hierarchical structure. This hierarchicalcitire
(Th) defines a know-how that leans on an environmentpased of a technologg
(discourse that justifies and explains techniquas)l a theory® justifying and
highlighting the technology. In other words, a Tdglchnique systenil(t) describes
a type of problemT) to solve and the technique @escribes how to solve it

We can observe six different moments in the didattrganization [1]: i) the first
encounter with the type of taskg (M1); ii) the exploration of the type of tasks T
and the construction of techniquegM?2); iii) the technique work that improves the
technique and makes it more efficient (M3); iv);ethconstruction of a
Technology/Theory related to technique(M4) v) the institutionalization of the
system T/h/@ ©) by the teacher (M5); vi) the evaluation (M6) (Eigure 1). For a
given technique, a task can be decomposed intoteslds- which are achieved
according to specified operators. At present, thdééerent operators are used:
sequence, alternative and parallel.

Moreover, the scenario analysis shows differerdég@tes of learning and tutoring
tasks, organized at different levels of the taskrdrchy: scenario, phase, moment,
learning task, routine task and tutoring task. Arsgio is generally composed two
phases: 1) Phase 1: construction of professiotfieterces for teaching (cf.figurel),
2) Phase 2: development of a training sequencesimgahted in classrooms.

The adaptation of scenarios leads to choose theanei technique according to the
learners and the didactical environment. Accordinthe Task/Technique system, the
choice can be done by the computer, the learnéneoteacher. The selection of the
relevant technique depends on the following pragerthe Task/Technique system,
the learner category (PE, PLC, type of PLC, et learner curriculum and the



didactical environment. From the Chevallard thesmy the teacher real practices and
know-how, we define the didactical environment aBofvs: type of classrooms
(virtual classroom, scientific laboratory with oritout computers and/or with or
without internet access, associated ClTdols (chat, email, forum, etc.), technical
instruments (thermometer, barometer, etc.), ressufdocuments, experiments, etc.)
and face to face or at distance.
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Figure 1. Description of the phase 1 for a PE learn

First of all, we explain how the learner and thehtéque properties are used to
choose the relevant technique in a given didacgoaironment. Secondly, we detail
the different roles of the didactical environmezdtiires.

To illustrate the Chevallard’s theory and its cqrtsewe choose a particular case
study for a PE learner in which we detail the tgdkase 1” composed of several sub-
tasks. Some of them have alternative techniquesas®eme the learner states for the
concepts “P”, “V” and “T” are “acquired” (otherwigeore techniques must be added
and consist of sub-tasks dedicated to the acauisitf the corresponding knowledge).

The course topic is about “the air as gas in itticstand dynamic aspects:
properties, theory and applications”. In the Chiewdl framework, the considered
theory is thermodynamics. In physics, theories ban“evaluated” by means of
different laws. In our case, it is the Boyle-Matgotlaw which is represented as
follows (PV/T = K) for PE Learners. The knowledgenthin is composed of the
thermodynamic theory, the corresponding laws, tHated concepts (Pressure P,
Volume V, and Temperature T) and their relationshifpo deal with the learner
knowledge and know-how levels, the knowledge domeitities (theories, laws,
concepts and relationships) and the type of taskg mave three different states: “not
acquired”, “in progress”, “acquired”. For a givegpé of task, the state “not
acquired”, correspond to the moment M1 and theestéh progress” and “acquired”
correspond respectively to the moment M2 and M3eA& successful evaluation
task, a teacher or the computer can update thede&now-how and knowledge
levels for some domain entities and for a task, ifstance from “in progress” to
“acquired” if the corresponding know-how is consetbas acquired.

In Figure 1, several techniques are annotated thithknowledge and know-how
levels: the prerequisite and outcome states of Itlaener. When it is the first
encounter of the type of task “experiments on pregétem”, the corresponding

2 Communication and Information Technologies for Teag



learner state is “not acquired”. Thus, the reletanhnique is “Technique 1". After a
successful evaluation sub-task, his outcome stdteb&v “in progress” for the task.
When the learner state for the type of task “expents on proof system” is “in
progress”, the relevant technique is “TechniqueAtter a successful evaluation sub-
task, his outcome state will be “acquired” for thsk. If the evaluation task fails, a
remediation task is used (not described in figyrerhe type of task “experiments on
proof system” can be worked several times a yeadifferent modules about
astronomy, thermodynamic, etc. in physics. Thus,rélevant techniqgue may change
according to the moment at which the type of taskperiments on proof system” is
worked in a particular module. Thus, several alituwes are provided for a given type
of task.

From the didactical environment, we firstly expldime role of the technical
instruments. An historical and epistemological gsial of several historical and
didactical situations shows that laws in physice tested by means of technical
instruments [7]; For instance, the technical insteats could be a thermometer and a
barometer or a simulation tool. Thus, the learmeust have or acquire know-how to
use these technical instruments to solve the pmolilated to the task “phase 1”.
Whether the learner state for these tasks “temyerand pressure measurements”
are “not acquired” or “in progress”, the relevardgchnique must have the
corresponding prerequisite states and must cow$istub-tasks dedicated to the
acquisition of the corresponding know-how.

The “face to face” or “at distance” feature chatige Task/Technique system and
the activity distribution among learners, teactard computers. It is the same for the
type of classrooms and the CITT tools. Moreovemeaspecific know-how may be
assumed (internet access and information gatheforgm, chat, etc.) to achieve
communication tasks or information retrieval taskaus, such know-how must be
routine tasks or at least acquired. Otherwises ihécessary to have sub-tasks to
acquire such know-how.

In conclusion, we show that, it is necessary tocdes the different techniques
according to the learner and the didactical enwitent features to be able to choose
the relevant technique.

4. Adaptive and context-aware model of scenarios

From the acquisition of teacher real practices lgams of the Chevallard theory, the
didactic-based scenario model is transposed irtonaputer-based hierarchical task
model. Firstly, we describe and justify the trarsfon of the Task/Technique
systems and their hierarchical structure. Secondéyanalyze the representation of
the typology of learning and tutoring activitiesn&lly, we show how the adaptation
is formalized according to parameters describirgi¢larner, the context.

Teaching and learning activities of scenarios Haaen described in terms of type
of tasks T and techniques. The type of tasksIdescribes the teaching and learning
activities, while techniques describe a way of achieving the types of taskWe
transpose the resulting Task/Technique systegft)(ih the task/method paradigm of
the hierarchical task model. Therefore, we can esgmt in these model, the
Task/Technique system {T) of Chevallard [1] fitted with its hierarchicalrgtture



and didactics properties describing scenarios whiéepreserve its initial properties
and semantics.

Several research studies in3Abcus on the hierarchical task model using the
tasks/method paradigm [8-12]. The mechanism of ahidical and recursive
decomposition of a problem into sub-problems is ohéhe basic characteristics of
the hierarchical task model [8-12]. The hierarchieak model consists of abstract
and atomic tasks and methods. In a particular t@agkethod represents the various
ways of achieving this task. A method describesdéeomposition of its task into
sub-tasks. The execution of these sub-tasks is thwoagh a control structure which
is composing of the following operators: sequemaaallel, choice. Their respective
specifications are quite the same as those of ,'spgt’ and ‘alt’ presented in the
paragraph 3. Thus, an abstract task can be broken ¢hto abstract or atomic sub
tasks through its associated methods. An atomicisasot composed of sub-tasks. It
can be achieved by a simple procedure — for instamo information retrieval
process, a particular human computer interactitm, Tehe task/method paradigm has
respectively a semantic and a hierarchical strectammilar to those of the
Task/Technique systems (T) of Chevallard. Moreover, we have to refine thgkta
and method concepts of our model (specializationqte into account adaptation and
sharing of activities.

The typology of tasks of our computer-based modiehiifies the various types of
tasks T which compose the scenarios described in paragBapdcenario, phase,
moment, learning tasks, routine tasks, tutoringgas

These types of tasks are transposed in the combpased model and are
respectively  named «ScenarioTasks», «PhaseTasks>MomentTasks»,
«LearningTasks», «RoutineTasks», «RoutineTasRsee. of the main criteria of the
formalization of tasks is their atomic charactemot - respectively abstract or not.
The tasks «ScenarioTasks», «PhaseTasks», «Momé&astTasRoutineTasks» are
represented by abstract tasks since a scenarigstoastwo phases which are broken
down into moments while each moment consists ofnlag tasks, routine tasks,
and/or tutoring tasks. Tasks «LearningTasks» ae apresented as abstract tasks,
because they represent a Task/Technique systerrhwhic be broken down into
others sub Task/Technique systems. Tasks «Routshke¥aare only composed of
atomic tasks. The tasks «TutoringTask» are atoasikst They correspond to tutoring
activities of the teacher or of the computer systenboth cases, these tasks are seen
as “simple procedures”.

From the Chevallard theory viewpoint, the relevatthnique must be selected
according to the current learner and the didac&ralironment. From a computer-
based viewpoint, the adaptation process can beedes the selection of the relevant
method which represents the Chevallard conceptalfriques. It aims at a dynamic
selection of the relevant methods according tactimdext and the current learner. The
know-how and knowledge levels of the learner apresented by an overlay model
[13] associated to the learner model as describéuki paragraph 3.

The context model represents the didactic environimas described in the
paragraph 3. It is described by the type of clamsrin which the learning activities
will take place, the associated CITT tools and des; a list of technical instruments
which are a subset of those in the domain, “facite” or “at distance”. The domain
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model consists of the thermodynamic theory, theaesponding laws, the related
concepts and their relationships. The learner iscrileed by his curriculum, his
category (PE, PLC, type of PLC, etc.) and his kmolge and know-how levels (an
overlay model): a set of states (“not_acquiredi,_firogress”, “acquired”) for some
domain entities and know-how (tasks). These st@eassigned to the learner and are
updated.

The context, learner and domain models will be espnted by means of
ontologies within SCARCE (SemantiC and Adaptive rikgal and Composition
Engine) environment [14]. The adaptation procesSGARCE consists of two stages:
firstly, resources are evaluated and classifiedria equivalence class according to
class membership rules. In this paper, we only needequivalence classes (“good”
and “bad”); secondly, one adaptation technique hiesen for the current learner
(annotation, hiding, sorting, direct guidance, )et&ll methods, belonging to the class
“good”, are selected for the learner. The membeprshiles define necessary and
sufficient conditions to belong to an equivalendass. Rules are declarative
predicates using context, learner and method featfwrhich are binary relationships).

Thus, let T, be a task, Ci be a context, L be a learner, Slcthieent set of states
describing the knowledge and know-how levels ofThe adaptation process is as
follows:

1) If SL does not have a state for the tagktiie corresponding state is added to SL
with value: SL.T, = “not acquired” (the taskjldoes not be worked).

2) Membership rules: all methods of for which the context and the learner features
match up to the corresponding method features lfetohg to” for multiple-valued
features) belong to the class “good” and othersrgto the class “bad”.

3) If the class “good” is empty, it is consideredaaproblematic situation and required
a teacher action to remediate or to provide a nethad and context adapted to the
learner and the task,TOtherwise, all methods, belonging to the clag®otj, can be
provided to the learner.

5. Conclusion

The design of technology-enhanced learning systemst be considered as a
transdisciplinary problem requiring the integratmfndifferent scientific approaches -
from computer science, didactic, education, etcisltlso necessary to take into
account real practices of teachers. We proposalaptigze and context-aware model
of scenario based on a didactical theory and cjosghted to a domain model, a
learner model, a context model. The propertieshefrnodel presented in this paper
have been acquired by means of a co-desigh metbgyglad which the real practices
of teachers, knowledge and know-how are acquirechégns of the theory in didactic
anthropology of knowledge. Nevertheless, the magl@lot finished. At present, we
only manage one category of adaptation. In othedywe need to continue the co-
design process in order to precise the other atlaptaategories and to refine the
different models.
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