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Abstract

Nowadays, technology-enhanced learning systems
must have the ability to reuse learning resouraesnf
distributed repositories, to take into account ttentext
and to allow dynamic adaptation to different leaine
based on substantial advances in pedagogical tkesori
and knowledge models. We focus on learning systems
using a problem-based learning approach represebted
scenarios. In our framework, the goal of scenai®s$o
describe the learning and tutoring activities togace
some knowledge domain (for instance physics) andkn
how to solve a particular problem. The main isssido
design a generic scenario which can deal with nadst
learning situations. From a generic scenario, the e
learning system will compute on the fly a particula
scenario dedicated to the current learner and éarhing
situation. The main contribution of this paper is a
semantic and didactic-based model of scenarios for
designing an adaptive and context-aware learning
System. The scenario model is acquired from: i) the
know-how and real practices of teachers ii) theotlyen
didactic anthropology of knowledge of Chevallard;[1
i) a hierarchical task model.

1. Introduction

Nowadays, technology-enhanced learning systems must
have the ability to reuse learning resources (lagrn
objects, tools and services) from large repositottie take
into account the context and to allow dynamic aaliqh
to different learners based on substantial advarces
pedagogical theories and knowledge models [2]. Ttnes
design and engineering of learning systems must be
considered as an interdisciplinary problem reqgirihe
integration of different scientific approaches from
computer science, pedagogical and/or didacticairies,

education, etc. The design process leads to daartithe
learning system - based on different scientificrapphes
which are related to different theories — for inst
activity theory, theory of didactic situations, gqoumter-
based theories, etc. Consequently, it is cruciastablish
the relationships between theories, models anthetdito
ensure the traceabilty and the interpretation of
phenomena related to the use of artifacts [3].

Adaptive technology-enhanced learning systems
compute on the fly the delivered courses from itisted
data resources, according to the current contectthe
learner’'s needs. The resource reusability has Ito ae
resource interoperability at syntactic and semaletiel.

At semantic level, resources are described by skrnan
metadata and their corresponding ontologies. These
ontologies are used to formalize at knowledge lakel
different required models of learning systems:reafand
teacher models, domain model, context model, seenar
models, pedagogical and/or didactical models, adimpt
models and rules, etc. New software architectumes a
necessary to use learning system models based on
ontologies and to support dynamic adaptation amtesd
awareness. We designed a flexible and adaptive
composition engine, called SCARCE - SemantiC and
Adaptive Retrieval and Composition Engine — to desi
such technology-enhanced learning systems [4].

We are interested in technology-enhanced learning
systems using a problem-based learning approach,
represented by scenarios. In our framework, thd gba
scenarios is to describe the learning and tutcattiyities
to acquire some knowledge domain (for instance iphys
and know-how to solve a particular problem. A sciEna
may depend on several dimensions which describe
different learning situations (in some way): tharkéng
domain (course topic), the learner (his know-hovd an
knowledge levels), the tutor/teacher, the learnamy
tutoring activities (their typology, organizationnda
coordination), the activity distribution among leers,



teachers and computers, the learning “procedures”
according to a particular school/institution/unsigr and

the didactical / pedagogical environment. Researcthe
learning scenario models leads to the standardizaif
pedagogical approaches - for instance IMS LD [$lede
models enable authors/teachers to produce genedc a
standard models which are neutral on a pedagogical
and/or didactical point of view [6]. In other wordbere

are unable to deal with all mentioned dimensions.

The main contribution of this paper is a semantid a
didactic-based model of scenarios which will beduse
the flexible composition engine SCARCE for designam
adaptive and context-aware learning System. THerdiit
scenario dimensions are acquired from: i) the khow-
and real practices of teachers in a problem-basathihg
approach in a particular framework: an institutiot-M,
different categories of probationary teachers, ars®
about “the air as gas in its static and dynamiceetsp
properties, theory and applications”; ii) the theadn
didactic anthropology of knowledge of Chevallard} jif)

a hierarchical task model. A co-design methodolbgy
been used to articulate teacher real practices, the
Chevallard theory and the hierarchical task model t
define the different learning system models [7].eTh
hierarchical task model enables us to define theniag
and tutoring activities, the activity distributioamong
learners, teachers and computers and also to tremspe
main concepts of the Chevallard theory. Adaptation
policies lean on teacher real practices and thev&llaed
theory. The didactical environment acquired frone th
Chevallard theory and the teacher real practiced an
know-how is managed by a context model.

First of all, we briefly present the main featuodghe
SCARCE environment and more particularly, how our
scenario model will be used in the environment.o8dty,
we present the outcome of the co-design methoddimgy
acquiring the problem-based learning scenarios from
teacher real practices and the Chevallard theory in
didactic anthropology of knowledge. Thirdly, the
computer-based model of scenarios is detailed. The
transposition of the main concepts of Chevallargoti
and the typology of learning and tutoring actisties
explained. Finally, the conclusion highlights theaim
results of this study. We also point out the nedearch
issues.

2. The SCARCE Environment

The adaptive learning system can be viewed as an
adaptive virtual document. It will use a flexible
composition engine, called SCARCE - SemantiC and
Adaptive Retrieval and Composition Engine basedaon
semantic web approach [4]. SCARCE is the core of

ICCARS, CANDLE? and KMP projects. In our
framework - the MODALES project (Modeling Didactic-
based Active Learning Environment in Sciences)-, a
learning system consists of a set of resourcesy the
metadata and the corresponding ontologies and
adaptive composition engine which is able tcselect the
relevant resources, trganize and toassemble them by
adapting the delivered course to the learner needs and the
current learning situation. To provide flexibilityelection,
organization and adaptation are parameters of the
composition engine and lead to a specification.
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Figure 1. The composition engine architecture

In Figure 1, the composition engine uses four lbose
coupled ontologies which are: metadata ontologyhat
information level which describes the indexing stane
of resources, some index values are taken in tineago
and scenario ontologies; domain ontology represgnti
knowledge in a specific area — physics, didactic,
epistemology; scenario ontology consisting of anace
model - organization and selection - and an adaptat
model. The scenario model defines the core comagfpt
the organization which is a directed graph. Thiudefines
the different types of nodes and links and theedéffit
sub-types of nodes and links which depend on the
application. In our framework, it is respectivehetmain
concepts of a hierarchical task model and the ticklc
concepts and their features. The scenario and atitapt
model leads to a scenario ontology based on arblecal
task model and an adaptation model based on the
adaptation policies required by the MODALES Pragject
learner and teacher ontology which defines differen
stereotypes - categories of probationary teachexs a
teachers - and individual features. Metadata schema
ontologies and specifications are based on theiaixpl
common knowledge shared by all community members. |
other words, scenarios are key issue to desigadieario

1 ICCARS : Integrated andCollaborative Computer Assisted
ReportingSystem

2 CANDLE : CollaborativeAnd Network Distributed L earning
Environment

3 KMP: KnowledgeM anagemenPortal, RNRT Project



ontology, adaptation ontology and specificationst A
present, SCARCE is not context-aware. It does not
manage a context ontology — formalizing a conteatieh.

The specification is called a generic scenario (see
Figure 1). It has to deal with most of learningiattons.
From a generic scenario, the learning system withgute
on the fly a specific scenario dedicated to theremir
learner and his/her learning situation. The generic
scenario acts as scaffolding in the learning system
Acquiring the scenario model is not an easy taslabse
it is necessary to make explicit knowledge, knowtamd
real practices of teachers and to establish tlatioekhips
between theories, models and artifacts. After artsho
introduction of the MODALES Project, the outcome of
the acquisition of teacher practices and know-hew i
presented.

3. The MODALES Project

The MODALES project is aimed at designing an
adaptive learning system for probationary teacheased
on real practices and teacher know-how. The caose
is about “the air as gas in its static and dynaasigects:
properties, theory and applications” for different
categories of probationary teachers — called learfighe
learners are probationary teachers: primary school
teachers (called PE for “professeur des Ecoles” and
secondary school teachers (called PLC for “profa@sdes
Lycées et Colleges”: earth/biology sciences andsishy
The teachers are considered as experts in educdtien
course topic is about “the air as gas in its staticl
dynamic aspects: properties, theory and applicsitifor
different categories of probationary teachers. lar o
framework, scenarios may change according to the
following features: i) the category of learners ingvintra
and inter category variability; ii) the availablespurces
from different didactical environment and domains -
physics, didactic and epistemology - which can be
determined by teachers iii) distance or face-t@fac
activity according to learner needs, learning polnd
didactical environment constraints iv) the shariofy
activities between teachers, learners and computers
according to learner needs and learning policidsese
features will lead to adaptation policies accordiaghe
current learner and context in the learning systéhe
main issue is to design a generic scenario whichdesl
with most of learning situations (from a computeieace
viewpoint).

4. Acquisition of teacher practices and know-
how

Firstly, several scenarios based on a common legrni
scenario B (whose variables are learners, the expert
teacher and the available resources) were built§8th
scenario is composed of two phases: 1) construaifon
professional references for teaching, 2) developroéa
training sequence implemented in classrooms. [iffer
features are associated to activities in the twasph: 1)
activation of the phase (if it exists in the scémar2)
distance or face to face; 3) a description of thailable
resources and their domain (physics, didactic,
epistemology, history); 4) an activity descriptidor
learners and teachers.

Secondly, we use the theory in didactic anthropplufy
knowledge of Chevallard to go further [8]. The
praxeology systemT{t/&/@) of the Chevallard theory
enables us to acquire the scenario model and the
didactical environment. According to Chevallarchdieer
and learner activities can be described in terntgps of
tasls Tc achieved by techniques which may be
recursively achieved by subtasks Tc'. Thus, a
Task/Technique systenT/f) has a hierarchical structure.
This hierarchical structurerft) defines a know-how that
leans on an environment composed of a technol8gy
(discourse that justifies and explains techniques) a
theory @ justifying and highlighting the technology. In
other words, a Task/Technique systeffr)describes a
type of problem T) to solve and the techniqua)(
describes how to solve iT)

We can observe six different moments in the didatti
organization [1]: i) the first encounter with thgpé of
tasks Tc (M1); ii) the exploration of the type akks Tc
and the construction of techniquas (M2); iii) the
technique work that improves the technique and méke
more efficient (M3); iv); the construction of a
Technology/Theory related to technique(M4) v) the
institutionalization of the systenT/t/4 @) by the teacher
(M5); vi) the evaluation (M6) (cf. Figure 2). Forgven
technique, a task can be decomposed into sub-tdskh
are achieved according to specified operators.résgnt,
three different operators are used: sequence |;seq’
alternative (‘alt’) and parallel (‘par’).

Moreover, the scenario analysis shows different
categories of learning and tutoring tasks, orgahiaé
different levels of the task hierarchy: scenaribage,
moment, learning task, routine task and tutorirgk tas
shown in the figure 2. Two categories of Task/Téghe
systems can also be observed according to the eeach
role: routine and problematic system. In the fornibe
teacher did not plan to intervene because the dedm
able to solve the problem. In the latter, more tdacher



intervenes quickly in the learning situation, mate
Task/Technique system is considered as problematic.
this paper we focus on the problematic systems. The
activity structure and distribution among learnéeachers
and computers depend on these two types of

Task/Technique system )/ Nevertheless, we may have
different problematic systems according to theedéht
learning situations.

Scenario for PE learner
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Figure 2. A partial scenario having two alternative
techniques in the “phasel” task for a PE learner.

The adaptation of scenarios leads to choose the
relevant technique according to the learners are th
didactical environment. According to the Task/Teqghe
system, the choice can be done by the computer, the
learner or the teacher. The selection of the releva
technique depends on the following properties: the
Task/Technique systems, the learner category (RE, P
type of PLC, etc.), the learner curriculum and the
didactical environment. From the Chevallard theang
the teacher real practices and know-how, we défiee
didactical environment as follows: type of classnso
(virtual classroom, scientific laboratory with oritmout
computers and/or with or without internet access,
associated CITdtools (chat, email, forum, etc.), technical
instruments (thermometer, barometer, etc.), ressurc
(documents, experiments, etc.) and face to faceator
distance.

First of all, we explain how the learner and the
technique properties are used to choose the rdlevan
technique in a particular didactical environment.
Secondly, we detail the different roles of the diitzl
environment features.

To illustrate the Chevallard’s theory and its cqtse
we choose a particular case study for a PE leamer
which we detail the task “phase 1" achieved witlo tw
different techniques which correspond to a probteama
task. We assume that these techniques are relrahe
current learner and the current didactical envirenin
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The course topic is about “the air as gas in idicst
and dynamic aspects: properties, theory and apiolics.

In the Chevallard framework, the considered theisry
thermodynamics. In physics, theories can be “evatifa

by means of different laws. In our case, it is Bwyle-
Mariotte law which is represented as follows (PWK)

for PE Learners and (PV/T = nRT) for PLC learnditse
knowledge domain is composed of the thermodynamic
theory, the corresponding laws (PV/T = K), the teda
concepts (Pressure P, Volume V, Temperature T) and
their relationships. By means of a particular
Task/Technique system )/ a PE learner may learn
some knowledge about the thermodynamic theory, the
(PVIT=K) law, the related P, V and T concepts aoohs
know-how: how to measure a pressure, how to measure
temperature, how to demonstrate the (PV/T=K) law by
using a barometer and a thermometer. To deal \with t
learner know-how and knowledge levels, the knowdedg
domain entities (theories, laws, concepts and
relationships) and the type of tasks may have three
different states: “not acquired”, “in progress”ctpiired”.

For a given task, the state “not acquired”, coroespto

the moment M1 and the states “in progress” and
“acquired” correspond to the moment M2 and M3. Afte
an evaluation task, a teacher or the computer pdata
the learner know-how and knowledge levels for some
domain entities and for the current task, for inseafrom

“in progress” to “acquired” if the know-how of tloeirrent
task is considered as acquired.

In Figure 2, the two techniques are annotated thi¢h
knowledge and know-how levels: the prerequisite and
outcome states of the learner. When it is the first
encounter of the task “phase 17, the correspontiiagner
state is “not acquired”. Thus, the relevant techeids
“technique 1". After a successful evaluation sutktehis
outcome state will be “in progress” for the tasK.the
learner state for the task “phase 1" is “in progtgshe
relevant technique is “technique 2”. After a susfas
evaluation sub-task, his outcome state will be taegl”
for the task. Thysthe adaptation of scenarios leads to
choose the relevant technique according to theégand
the current didactical environment. Several techesare
normally associated to the task “phase 1" to deti the
different categories of learners and the diffexidactical
environments. Whether the learner state for theceoin
“P”, “V" and “T” are “not acquired” or “in progressthe
relevant technique must have the corresponding
prerequisite states and must consist of sub-tasttcated
to the acquisition of the corresponding knowledge.

From the didactical environment, we firstly expléie
role of the technical instruments. An historicaldan
epistemological analysis of several historical and
didactical situations shows that laws in physias teisted
by means of technical instruments [9]; For instaribe



technical instruments could be a thermometer and a
barometer. Thus, the learners must have or acgooes-

how to use these technical instruments to solve the
problem related to the task “phase 1”. Whetheldhener
state for these tasks “temperature and pressure
measurements” are “not acquired” or “in progreskg
relevant technique must have the corresponding
prerequisite states and must consist of sub-tasttcated

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, teachers and computers. It isatine $or
the type of classrooms and the CITT tools. Morepver
some specific know-how may be assumed (internedsscc
and information gathering, forum, chat, etc.) thiace
communication tasks or information retrieval taskisus,
such know-how must be routine tasks or at leastised,
Otherwise, it is necessary to have sub-tasks twigeq
such know-how.

In conclusion, we showed that, it is necessary to
describe the different techniques according tol¢laener
and the didactical environment features to be dble
choose the relevant technique.

5. A didactic based modd of scenario

From the acquisition of teacher real practices gmns
of the Chevallard theory, the didactic-based sdenar
model is transposed into a computer-based hiekhi
task model. Firstly, we describe and justify the
transposition of the Task/Technique systems and the
hierarchical structure. Secondly, we analyze the
representation of the typology of learning and ringp
activities. Finally, we show how the adaptation is
formalized according to parameters describing ¢aerler,
the context.

5.1 The task/technique system transposition

Teaching and learning activities of scenarios Haeen
described in terms of type of tasks @nd techniques.
The type of tasks Jdescribes the teaching and learning
activities, while techniques describe a way of achieving
the type of task I We transpose the resulting
Task/Technique system () in the task/method
paradigm of the hierarchical task model. Therefave,
can represent in this model, the Task/Techniquéesys
(TJT) of Chevallard [1] fitted with its hierarchical
structure and didactics properties describing stesna
while we preserve its initial properties and sencant

Several research studies in artificial intelligefoeus
on the hierarchical task model using the task/mitho
paradigm [10-13]. In learning environment, hieracah

task models were also used for designing, for nt&a
authoring tools [14], learning systems [15, 16] and
recommender systems [17]. The mechanism of
hierarchical and recursive decomposition of a mobl
into sub-problems is one of the basic charactesisif the
hierarchical task model [10-13]. The hierarchicabkt
model consists of abstract and atomic tasks antiadst

In a particular task, a method represents the uaneays

of achieving this task. A method describes the
decomposition of its task into sub-tasks. The etienwf
these sub-tasks is done through a control struethieh

is composing of the following operators: sequence,
parallel, choice. Their respective specifications quite
the same as those of ‘seq’, ‘par’ and ‘alt’ preednn the
paragraph 4. Thus, an abstract task can be bro&en d
into abstract or atomic sub tasks through its aaset
methods. An atomic task is not composed of substdsk
can be achieved by a simple procedure — for instazc
information retrieval process, a particular human
computer interaction, etc. Hence, in a computeethas
model, the task/method paradigm has respectively a
semantic and a hierarchical structure similar toséhof
the Task/Technique systems /)] of Chevallard.
Moreover, we have to refine (specialization) thektand
method concepts of our model to take into account
adaptation and sharing of activities.

5.2 Transposition of the task type typology

The typology of tasks of our computer-based model
identifies the various types of tasks Tc which costhe
scenarios described and represented in paragraph 4:
scenario®, phase, moment, learning tasks, routine tasks,
tutoring tasks.

Tl ® oo | “omovz |

]
ick 5 [[&]&
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Figure 3. Typology of tasks of the computer-basedeh

5 In this paragraph, italic and bold terms represkeatconcepts
of the Chevallard’s theory described at the sestade.



One of the main criteria of the formalization ofka
represented in figure 3 is their atomic charactenat -
respectively abstract or not. The tasks «Scenasksha
«PhaseTasks», «MomentTasks» are
abstract tasks since a scenario consists of twesesha
which are broken down into moments while each mamen
consists of learning tasks, routine tasks, anditoring
tasks. Tasks «LearningTasks» are also represerged a
abstract tasks, because they represent a Taskifjaehn
system which can be broken down into others sub
Task/Technique systems. On the other hand, the task
«RoutineTasks» without control, called
«RoutineTskWithoutControl», is only composed ofnaito
tasks. The tasks «TutoringTask» are atomic taskey T
correspond to tutoring activities of the teacherobthe
computer system. In both cases, these tasks amcasee
“simple procedures”.

5.3 Adaptation of scenarios

From the Chevallard theory viewpoint, the relevant
techniqgue must be selected according to the current
learner and the didactical environment. From a adep
based viewpoint, the adaptation process can becdes
the selection of the relevant method which reprsstdre
Chevallard concept of techniques. It aims at a oyjoa
selection of the relevant methods according toctheext
and the current learner. The know-how and knowledge
levels of the learner are represented by an ovenlagel
[18] associated to the learner model as descriade
paragraph 4 (the states associated with the kngeled
domain entities).

The context model represents the didactic enviraime
as described in the paragraph 4. This model vwaldl |® a
context ontology in the SCARCE environment. It is
described by the type of classroom in which thenlieg
activities will take place, the associated C§Ttdols and
devices, a list of technical instruments which arsubset
of those in the domain, “face-to-face” or “at dista”. In
figure 2, the context is composed of: a thermomatek a
barometer as technical instruments. This scenasio i
achieved at distance in a laboratory of sciencdse T
learner is described by his curriculum, his catgd®E,
PLC, type of PLC, etc.) and his overlay model, fisatio
say a set of states for some knowledge domainiemntit
(theories, laws and concepts) and for some tashesel
states are assigned to the learner and will betagd@he
domain model consists of the thermodynamic thetiry,
corresponding law (PV/T = K), the related concepts
(Pressure P, Volume V, Temperature T) and their
relationships.

6 Communication and Information Technologies for dreag

represented by

The context, learner and domain models will be
represented by means of ontologies within SCARCE
(SemantiC and Adaptive Retrieval and Composition
Engine) environment [4]; SCARCE is a flexible and
adaptive composition engine to design E-learnirgesys
in which the scenario model will be implemented.eTh
adaptation process in SCARCE consists of two stages
firstly, resources are evaluated and classifiedoire
equivalence class according to class membershas.rul
There are up to five equivalence classes of resguiar
usability reasons, named Very Bad, Bad, To Consider
Good and Very Good - indeed, it might be difficidt a
user to deal with too many equivalence classesarsiy,
one adaptation technique is chosen for the cumsat
(annotation, hiding, sorting, direct guidance, )etc.
According to this adaptation strategy, some eqaived
classes and their resources are selected for ttrentu
learner. In the scenario model, we have three ateapt
categories: selection of relevant documents (cayedn
selection of relevant methods for remediation and
evaluation task (category 2) and selection of @hev
methods for other learning task (category 3). Ia ffaper,
we only focus on the latter category (3). At préseve
only need two equivalence classes (Good and Bad) fo
methods of learning tasks in a scenario. In otherdg;
we have to select the “good” methods and to hide th
others.

Thus, let T, be a task (the task “phasel” on Figure2.
for example), Ci be a context,,Abe a learner, .5, the
state of A, compared to the task, Bnd domain entities
(PVIT=K), P, T, V, thermometer, barometer). The
adaptation process is described in three stepshoahet
retrieval, overlay model management and context
management as follows:

1) Method retrieval: For the given task,, Tall
corresponding methods Mi are retrieved. Thus for
“phasel”, methodl (for techniquel) and method2 (for
technique2) are retrieved.

2) Overlay model management: If Bbelongs to the
task set of g, each method Mi for which the prerequisite
match up to the corresponding states jg IS selected. If
Ta not belongs to the task set gfpAit is added to the task
set of A, with the state “not acquired”. If the set of
selected methods is empty, all retrieved methotsgeo
the equivalence class “Bad”. This case is consileea
problematic situation and required a teacher actmn
remediate or to provide a new method and context
adapted to the learner and the tagk T

3) Context management: the previous selected method
for which the “context” properties match up to tremtext
properties are kept. We can distinguish severasd§ If
the set of kept methods is empty, it indicates thiat
methods belong to the equivalence class “Bad”. Thige



is also considered as a problematic situation agdired

a teacher action to remediate or to indicate a method
and context adapted to the learner and the tgski)TIf

the set of kept methods is composed of a singlbdodetit
belongs to the class “Good” and is proposed tdeamer
as the relevant one for the resolution gf (iii) If the set

of kept methods is composed of several methodg, the
belong to the equivalent class “Good”. In this ¢ase
several constraints could be used to filter the afet
methods. These constraints can be defined by Huhé¢e.
Nevertheless, if there are no constraints, all oethare
proposed to 4,

6. Conclusion

Technology-enhanced learning systems have to reuse
learning resources (learning objects, tools andices)
from large repositories, to take into account tbetext
and to allow dynamic adaptation to different leasne
based on substantial advances in pedagogical #seand
knowledge models. Thus, we proposed an adaptide an
context-aware model of scenarios based on thethaor
didactic anthropology of knowledge, the teacherl rea
practices and know-how and a hierarchical task mode
The latter enables us to define the learning atarihg
activities, the activity distribution among learser
teachers and computers and also to transpose the ma
concepts of the Chevallard theory. The context rhode
implements the didactical environment acquired fittwen
Chevallard theory and the teacher real practiced an
know-how.

Nevertheless, the model is not finished. At presest
only manage one category of adaptation. In othedwo
we need to continue the co-design process in cier
precise the other adaptation categories and toerdfie
different models. We are developing the hierardhiask
model, the typology of tasks in the SCARCE envirenim
and the management of context. Experiments haveeto
done to evaluate scenarios and adaptive policies
afterwards.
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