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Abstract—The development of mobile devices, such as smart-
phones and tablets, has led to a new kind of learning environ-
ments: ubiquitous learning environments. These environm@s are
particularly interesting in the framework of school learning in
museum, as they permit to provide learning content to studets,
adapted to their positions and interests. The students arerée to
move in the museum and the ubiquitous learning environment
provides authentic learning situations. These environmeis are
thus an alternative to classics guided tours which limit dratically
the freedom of visit (for instance, during a guided tour, it is not
possible to contemplate an artwork as long as you want).

We present in this paper the design of an ubiquitous learning
environment named CALM (ContextuAlized Learning in Mo-
bility), for school learning during museum visits. In CALM as
well as in other ubiquitous environment, the main challengds to
reconcile the freedom of movement and action, that charactees
authentic situations, with pedagogical control by the teaeer,
necessarily limiting this freedom. Our system aims to prowule
learners with situated interactions, while giving teaches the
opportunity to integrate learning objectives that will influence
the proposed interactions. We use semantic proximities ovea
semantic model of the domain (cultural heritage) and conteix
(e.g. position in the museum, activity) to automatically geerate
contextualized learning activities: artworks suggestionand com-

parison, serious games based on what the learner has seen. We

present the use of semantic rules to enable a loosely-basashtrol
of these activities by the teacher (thematic control) togéier with
a fine direct control of proposed activities (contextual cotrol).

I. INTRODUCTION

The development of mobile devices, such as smartphones 1.

museum are proven to be an effective way to contextualize
classroom lessons [3]. A conflict then appears in the design
of ubiquitous learning environments for museum visit. ledie
one of the major interests of these environments is to preser
the authentic nature of museum visits, by giving the student
the same freedom of moving and acting than an informal
visitor, thus showing to the learner that a museum visit is
interestingper seand encouraging her to visit museum out of
the school context. However, particularly within the framoek

of primary and secondary school learning, there is a need to
provide the teacher with some degree of control on learning
situations. The problem is to determine how to offer this
pedagogical control while preserving for the learners some
degree of freedom.

We present in this article the design and use of the CALM
(ContextuAlized Learning in Museum) environment which
gives elements of response to this problem. CALM is an
ubiquitous learning system based on a semantic model of the
learning domain (Cultural Heritage) and a semantic model of
the learning context (e.g. position in the museum, learaers
tivity). We show how contextualized learning activitieg(ges,
suggestions and comparison of artworks) can be generated by
using semantic proximities over the semantic represemtati
of artworks. We detail how to provide learning activitiegth
best fit the students need using the semantic representdtion
context and how the system can be controlled by a teacher
using semantic rules over these semantic models.

STATE OF THE ART

and tablets, has led to the emergence of a new kind of learning

environments: ubiquitous learning environments. Using th

mobility of devices and their ability to detect elements ohe
text (e.g. position, activity), these environments enalileated
learning [1]. For instance, [2] provides vocabulary infation

Learning in museum and learning from museum has been
a field widely studied over the last decade. Some major
consideration have emerged from these research [4]. Atiffirst
is essential to take into account the motivations of the mnse

to foreign college students depending on their positionhen t visitor: why is he in the museum for, what are is interests?
campus (e.g. information about how ordering food near thdhen in a constructivist learning perspective it is fundatak
cafeteria). The pedagogical advantage of ubiquitous iegrn to take into account the variety of people personal history t
is to place the learner in an authentic situation and to pievi provide them the right content [5]. Finally the social role o
information at the right time, at the right place. Ubiquisou exchanging with the peers during the visit is fundamenthl [6
learning then favors the contextualization of knowledgeclwh to construct a shared understanding of the exhibit. In oukwo
should lead to a better understanding and a more sustainabke are trying to take into account the first two points by takin
learning. into account interests and history of visits while proviglihe

. . . . .. teacher with learning guidance capabilities.
These learning environments are particularly interesiting 99 P

the context of school learning in museum. School visits in  Various works have been proposed to instrument museum



visits either in a school visit perspective or in an informisit The HIPPIE project [11] was one of the first systems using
perspective. These works can be classified in two categorieautomated reasoning in the context of museum visits. HIPPIE
The first category is task-based systems, these systems arges a characterization of works based on the ICONCI2ASS
generally designed for school visits. In these systems, thtaxonomy, an exhaustive classification of the differentitbe
learner is supposed to accomplish various tasks in the museuof western art. Users are characterized by scores of iteres
with the support of a mobile device. The second category ofor the different themes of the taxonomy. When an user moves
systems is more designed for informal visits. In these syste into the museum, the system detects her position using a radi
the visitor can browse among museum knowledge using thibcation technique. Therefore, HIPPIE is able to inform the
mobile device. user on the works around her that are relevant according to
her interests.

A. Task-based systems The CHIP project [12] is a recommendation system of

Museum Detective Guide [7] illustrates well task-orientedartworks based on the users’ interests. The artwork model
approaches. The system is intended for students who interai@icludes information from ICONCLASS and three artistic
with a device which reproduces existing paper form learningaxonomies published by the Getty Vocabularies Program
exercises. Students are grouped in pairs and the course W-AN (Union List of Artist Names), TGN (Thesaurus of Ge-
imposed. In front of each work, a series of multiple choiceographic Names) and AAT (Art and Architecture Thesaurus).
questions should encourage students to consider properly tWhen a user is interested by an artwork, she may give a
work in question (e.g. What material is it made of?). Cor-score of interest related to different characteristicshefwork
rect answers provide additional information while incetre (Style, subject, author ...). The system can then recomiend
answers provide clues to determine the correct answer. lartworks that are also likely to be of interest for her (e.g. a
addition to traditional MCQ, learners may take part in moreVisitor loving Magritte will be suggested surrealist pairs).

sophisticated games, such as drawing exercises wWorks on Tpege systems are interesting from the computer science
tablet. More open questions such as "What do you think theye speciive, as they are applicable to different museurds an
statue would say if it could talk? " aims at initiating dissi®  ¢jtral venues. They are based on a semantic representatio
among learners about the exhibits. of works which gives them a certain genericity. In addition,
Several other task-based systems have been designed ey allow the user a large freedom during the visit and
mobile learning (not limited to the museum visit) CAESARUS automatically adapt to his interests. However, they arelpoo
[8], LORAMS [9], IPerG' (2008) ... Different kind of scenarios suited to support a visit by a class. They offer no educationa
can be considered: role plays, simulations, puzzles ... &t ¢ activity and do not allow the teacher to exercise guidanes ov
find a review of such systems in [10]. Despite surface differthe course of the visit.
ences, th_ege systems_share various S|m|Ia_r|t|es. Theg shar proposal is at the intersection of the two approaches
constructivist perspective of learning, allowing the fE&Tt0  hat we have described. It is based on a semantic modelling
construct representations through situated interacti®h8y ot e field, that is to say, the cultural heritage. We propose
all have a playful aspect and they promote social interactiothe yse of semantic proximities to provide opportunities fo
between learners. navigation among art knowledge. These proximities alsmall
These approaches are interesting because they help ¥ to suggest other types of activities such as games of self-
maintain interest throughout the learning session, which iassessment and open questions on the works accordingtto thei
sometimes difficult for the younger student. However, theycharacteristics (e.g. "What sense expresses the chatatter
leave very little place to the teacher to define learning obje @ question about a portrait). In addition, we propose a séman
tives. They generally offer a specific solution, well suiteca ~ model of the visiting context seamlessly supplied accaydin
given place. But this specific solution is limiting involvemt ~ to the movements of the learner and his interaction with the
of the teacher and does not allow him to use his pedagogicaPplication (e.g. consultation of information about awark,
knowledge to modify the learning activities. Moreover, in games ...) . This double modelling, semantic and contextual
these approaches, the scenario and activities are oftéyhig allow to provide the teacher with means of controlling leagn
constrained, leaving little effective freedom to learn@a the  activities.
computer science perspective, these approaches are ralso li

ited. They are not generic and therefore not easily traabfer ~ Ill. SEMANTIC PROXIMITIES FOR CONTEXTUALIZED
to other locations or areas of learning. ACTIVITIES

o We propose to use semantic proximities between ontologi-
B. Navigation based systems cal elements to provide opportunities for browsing museum

Navigation-based systems differ from task-based system b ocuments. These proximities aiso allow to offer different
only offering opportunities for browsing among documensts r Kinds of activities such as self-assessment games and open
lated to work, without offering more sophisticated intéimes ~ duestions about the artworks depending on their charattei
(e.g. games, annotations). These approaches are ragedéut (e.g., "What sentiment expresses the character?” for aigues
to instrument informal visits to museum. Many navigation-2Pout a portrait ).
based systems use knowledge representation formalisms for Furthermore, we propose a semantic model of visiting

easgl navigation through information resources (audiog®id context updated according to the displacements of the dearn
etc.).

http://www.iconclass.nl
Ihttp://iperg.sics.se Shttp://www.getty.edu/research/tools/vocabularies




and the interactions with the application (e.g. consutabf  B. Semantic Proximity Between Instances
the information about a work, games...). These semantic and | der to off | t situated int . ol
contextual models allow to provide the teachers with some n order 1o otter reievant situated interactions 10 ieasher

control over the course of the visit. This is detailed in gect W€ rely on a calculation of semantic proximities. It is based
3. the proximity by properties approach proposed by [14]. The

proximity between two objects (instances of CIDOC-CRM)
We have described in [13] the semantic models of dois based on the proximity between their features. From an
main and context that we propose, and the use of semantintological point of view, the features of objects correspo
proximities for the generation of contextualized actestiWe  to the properties of instances representing these objEbts.
summarize this proposal before examining how to offer to theékind of proximity makes sense in an human point of view
teacher pedagogical control on the system. because humans tends to compare object and concept based
on their features.

A. Semantic Model of Artworks In order to determine the set of properties of interest fer th

In order to represent the cultural aspects of works, wecomparison we defined a set of concepts of interest. A concept
use three sources of knowledge: CIDOC-CRMbetty-AAT  of interest is a concept of the ontology whose instances will
and ICONCLASS. CIDOC-CRM is the reference ontology appear in the proposed interactions (e.g. suggestions, MCQ
for describing cultural heritage. Among others it defines th We selected a set of six concepts of interest in the CIDOC-
concepts ofvork, person historical eventandplace CIDOC-  CRM ontology: person, style, work, historical event, placel
CRM permits to semantically different aspects of artworkstheme.
precisely. For instance one can express tlaha Lisawas
painted byLeonardo da Vingiwho was born irvinci, was the
master ofSalaiand also produced@he Vitruvian Man

We summarize the choice of concepts of interest by an
array of properties of interest (Table I). It is an arfBywhere
{T[0,k] = T[k,0],k > 0} are the concepts of interest and

However, CIDOC-CRM is a generic ontology. It does not T[4, j]; ;- is the set of relationships of interest whose domain
include concepts for a fine description of works of art, sugh ajs TJi,0] and range i<T'[0, j]
the style or the theme. We then extended this model by includ-
ing the ICONCLASS taxonomy, an extended classification of TABLE I.
art themes and the Getty-AAT thesaurus (Art and Architectur

EXCERPT OF THE ARRAY OF PROPERTIES OF INTERESTS

. i . cidoc:Person getty:Style cidoc:Artwork
Thesaur_us) about art a_nd architecture technlques_ andialater o hasParent hasstyle reatos
The main reason to include these taxonomy is to be able hasMaster owns
to compare artworks based on their styles and themes, for hasStudent
instance, to be able to find that an artwork representesus getty:Style U ggﬁfgﬁér 0
is semantically close to an artwork representing Yheyin _ _
cidoc:Artwork depicts hasStyle partOf

Mary. Indeed, their theme are boMew Testamenwhich is a
semantic category of ICONCLASS.

To include these hierarchies in CIDOC-CRM, we have For example, line 2 of table | show the possible com-

expressed them as SKOS vocabularies. SKOS is an ontolo%ﬂrisonS between two instances Rérson according to their
that allow to express "weak” semantic relations, (e.g list arents, teachers or students, their styles or the works the

relations, taxonomy, thesaurus). We usskbs:broaderand ~nave created or owned. We construct a vector of proximity
skos:narrowerrelationships for expressing hierarchical rela- 9uantifying, for each property of interest, the vicinity wio
tions for Getty-AAT and ICONCLASS vocabularies. We then instances. Two methods of caIpuIa'uon are necessary aogord
created properties to enable the integration of these SKO® the range of the property: if the range belongs to ICON-
vocabularies into CIDOC-CRM. An excerpt of the resulting CLASS or Getty-AAT hierarchies (case 1), we use a hierarchy

semantic model of artworks is presented in figure 1. proximity based on [15], otherwise, we compute the number
of common values of the property (case 2). For two instances

a andb, P(a) and P(b) being the set of values af andb for
the propertyP, the value of the proximity this property is :

calm:hasCause

skos:broader
cidoc:participatedin

2 x depth(lca(a, b))

cidoc:depicts P b = f Case 1
calm:producedB, Pt — Tox(a’ )P depth(a) + depth(b) !
( cidoc:Person cidoc:Man-Made_Thing crimiasshe |P(a) N P(b)|
- P b)p = —=————— if case 2
calm:masterOf calm:hasTheme Tox(a’ )P |P(a’) U P(b)|

cidocdepicts Wherelca is the least common ancestor @fandb using the
skosskos:broaderelation. These calculations lead to a vector
of proximity whose dimensions are the properties. To obtain
a proximity value for a couple of instances, we assume that
all properties have the same importance and take the average
of this vector coordinates as the value of proximity. We note
in the following Prozgs.m (a,b) the proximity value between

a andb.

skos:broader

Fig. 1. Semantic model of artworks

Lhttp://www.cidoc-crm.org/



C. Semantic Model of Context LOCATION, VISITOR and ARTWORK are the URIs of
instances representing the location, visitor and the akwo

The context model enables to link purely contextual know"{espectively and-DATE> is the current date.

edge (e.g. position of the learner) and museum specific know
edge (e.g. semantic description of works close to the learne  The interest context of the user aims at representing
To that end, we represented contextual information throughis interests. This context is very similar to the histori-
contextual spaces, a contextual space is structured by aidom cal context except that the date and location, which are
ontology that defines the kind of interaction between the stunot relevant for the interests are not represented and that
dent and the museum specific knowledge. A contextual spacefke relation calm:involvesEntityis replaced by the relation
therefore a knowledge base representing how learnersatter calm:interestedBywhich range is the set of concepts of in-
implicitly (e.g. by moving in the museum) or explicitly (e.g terest. Indeed the learner may be interested by a style or an
by accessing information) with museum knowledge. artist as he can be interested by an artwork.

The contextual spaces are populated automatically during Figure 2 represents the automatic population of the con-
the visit. This process occurs as follows: the learner &#igg textual spaces from the begin of visit. At first, only locatio
an implicit (e.g. to stop in front of an work) or explicit context contains statements, then, when the learner reques
(e.g. to consult information on the work) interaction with information about specific artworks or characters, theohyst
a work. This interaction will activate rules of populatiof o of visit and
contextual spaces. These rules of population use the domain

Begin of visit Consuitation of the Consultation of

ontology that defines the relationship between the visitat a arowork "Lady with anhermine”  Leonarde da Vinc! blography
the museum knowledge associated to the artwork and ac i i i
or remove assertions in the contextual space. For instanc .
when the learner moves in front of a new artwork, assertior >
describing the artwork in question are added to his locatior s |cmister eisylocation disproom |  camvsior Gaisiiocstion dayeom | | camistor daisytocation daisfrooms
context s T | [T
We selected three categories of information for the rep-~™ b vty o, | | ety s
resentation of the visiting context: information about the T T ———
location, information on the history of visit and informai = e ey Comsisvind
about the interests of the learner.

The location context is constituted of the set of instance$ig. 2. Population of contextual spaces through time
representing artworks accessible to learners’ perception
order to obtain these information, we built a semantic modlel
physical space in museum, using the spatial ontology pexpos D. Activities in Museum
by the DAIsy laboratory. Our space model is a meshing . -
of the different places in the museum; the unit cells are 1€ use of semantic proximity allows to offer three

instances ofdaisy:Location and correspond to a ten square YP€S Of activities: browsing museum documents, playing
meters physical area. Each cell is associated to adjactst ceS€l-assessment games and answering open questions about
using thedaisy:adjacentTaelation. The link between a cell artworks.
and an artwork is provided by thdaisy:containsrelation, =
which combines one or more artworks to an instance o
daisy:Location

Oeuvres a proximité

The historical context of the user aims to capture the Viergeau e dArgrt
temporality of the visit. This context is modeled using the
SEM (Simple Event Model) ontology [16]. This ontology is
well suited to our problem. It indeed describes the basic con
cepts 6em:Eventsem:Place sem:Actoj to represent visiting
activities as well as their temporal aspects.

Gisants de Humiéres

Dalle funéraire attribuée  Philippe de Beaumanoir

We defined several types of events as subclasses
sem:Event An event is added to the history context of the
user during an interaction with a worka the mobile device
(e.g. consultation of documents, games). The followingrexa
ple presents the event "consultation of information abaut a
artwork”.

Fig. 3. Selection of visually accessible artwork

b rdf:type cal m Consul t Event.

b sem hasDat e <DATE>. .

b sem hasAct or <VI S| TOR>. When the learners are in a room, they can choose an art-
b sem hasLocati on <LOCATI ON>. work around them from a list, this list contains only artwerk

b cal minvol vesEntity <ARTWORK>. that are visually accessible from their position, (figure.3 )

When an artwork is selected in the list, learners can browse
Lhitp://daisy.cti.gr/svn/ontologies/AtracoProjecti#toSpatialOntology/Spatial.siiIseum documents about the artwork, the style... (figure 4).




In addition, for each category of elements (e.g. artist,kwor These games are dynamically generated from the asser-
style), the learners are provided with suggestions of efggne tions of the knowledge base. For example, from the
of the same type, semantically close to the element thegssertion: ¢alm:RecumbantEffigyOfHumieres cidoc:hasStyle
consider, and belonging to their location or history cohtex aat:Renaissangeone question can be : What is the style of
For instance, in figure 4 the learner is considering the statuthe Recumbant Effigy of Humieres? Incorrect answers, also
La Vierge au Pied d’ArgengVirgin Mary of the Silver Foot), called distractors, are selected among the instances of the
a Xl ¢ sicle statue representing Madonna and the child. Shknowledge base which are semantically close to the correct
is therefore suggested to consider two related artworkben t answer (Renaissance).

museum: another representation of Madonna and the child angd
theRetable de la vie de la Vierdeife of Virgin Mary reredos). B

De quelle époque nous viens cette oeuvre ?

= comsArannt] ke T -.-
G'
uggestions i ‘
I A ]

A proxi

%%{M\! = Moyen Age
edela Vierge

—
cdetav

Retable d

‘2 Ta— — l Antiquité
¥
| Player : test
Score: 0
5 Autres informations
Viergea Enfant
“ =

Fig. 6. Example of MCQ game

Dans le musée
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Fig. 4. Suggestion of artworks

The last type of activity are open questions about the works.
These questions are chosen by the teacher and are of the type
These suggestions are associated to justifications, gedera "What feeling expresses the character?”. The learner retgpo

automatically from the assertions of the knowledge base thao these open questions the mobile device. These questions
describes artworks. From the previous example the judiifita are designed to allow learners to develop an argument using
for suggesting the Rededos is "These are two representatiahe knowledge acquired in the museum context.
of the Virgin Mary. On the first part of the Rededos, Virgin
Mary is also represented enthroned with the Child” (figure 5)

The aim of these justification is to help learners to mentally IV. PEDAGOGICAL CONTROL BY THE TEACHER
represent the relationships between the artworks, butthkso
relationships between characters, styles and themes. We present in this section the possibilities of pedagogical

control by the teacher over the proposed activities, prvasgr

the sense of freedom that is part of the interest of a museum
visit. Our hypothesis is that the museum has a topic related t
the curriculum (e.g. Middle Ages for primary school pupits i
France). This topic explicitly defines the axes along whiah t
visit should be organized.

ustification

T Moreover, we assume that even if the teacher does not
e ot Lo e e have in-depth knowledge in museology, she has pedagogical
o knowledge on how to organize and structure the proposed
activities (e.g. to suggest a QCM about historical figurethat
end of visit). We present two modes of pedagogical control:
thematic control and contextual control. The first controlda
aims to place all visit activities in the same theme (e.g. a
theme specified by the curriculum). The second control mode
SEE SR is more specific and aims to propose certain types of aetsviti
according to a state of the context. For example, the leasner
proposed to answer an open question near the end of the visit
if the work she considers is a portrait.

Fig. 5. Justification of a suggestion

The second type of activities we propose are self- We first present how to select activities that are relevant
assessment games (figure 6). Three types of games the learner context and then present how to influence the
are offered: MCQ, true-false questions and classificatioractual activities that will perform the learner depending o
games (e.g. classification of works by date, style ....)pedagogical objective of the teacher.



A. Contextual Adequacy of Activities Rulel ; Rule:2;

Time interval : from 100 min to 120 Time interval : None

In order to provide interactions that are contextually Tele | precondition : none Precondition :
vant, we propose to calculate the contextual adequacy &F eaf Activity: MCQ (Pactivity rdf:type calm: ConsultEvent)
pOSSIb|e aCtIVIty The maln |dea |S that a Suggest'on or a@am Subject : SELECT ?artwork WHERE (?activity sem:hasActor VISITOR.)
will be more understandable and more interesting if it inesl £ Urxtepty el tmpslved ity tasbmel)
elements that are h s'caII Close to the Iearner ( e -n h-‘ ?event rdf:type calm:consultEvent. (?artwork calm:hasTheme iconclass:Portrait.)
| t text p |y I ty th t b | t h h .:: _I | I ?event sem:hasTime DATETIME. Activity : Open question
ocation contex ) or elements a e Ong 0 her nhistorara ?event sem:hasActor VISITOR. : What feelings expresses the character?

Interest context. ?event sem:hasObject ?artwork.
setDateTime(DATETIME, 0, 30)

To compute the contextual adequacy of activities, we y

propose to compare the set of instances involved in an ctivi
with the set of instances included in the learner contexts. |
G is a self-assessment game, Ié67) be the set of instances Flg.
involved in this game. For exampled is a MCQ game/(G)

will contain the instances corresponding to the correch@ns,  jnto account the theme of the visit, the score of a suggestion
the distractors and the instances involved in the question. ¢ \ith respect to the entity becomes:

7. Example of contextual rules

The computation of contextual adequacy ois therefore Score(e, s) = a * Protgem(e,s) + B * Prozsem(s,T)
given by : _ ) -
with Proxgsen (x,T) being the mean of proximities between

Adequacy(G, Cr, Cia, Cy) = [1(G) NI(CL)l = and every instance df, anda and 8 such asy + 8 = 1.

1(C)l Finally, the mode of self-assessment games generation is
[L(G)NI(Cr)| | [(G) N also modified to take into account the theme of visit. Irlijial
[1(Ch)| |C1] questions and distractors are selected from the history and
location context. The relevance score of a game according to
whereCr,, Cy andC; are the set of instances respectively the context is calculated as follows:
in the location context, in the history context and in therast 117 I I I
context. Score(G,CL,Ch) = —(| ©NIG) GO (CH)|)
[(CL)l [1(Ch)

2

with 7(G) the set of instances involved in the game (e.g. for

a MCQ, the instance representing the subject of the question
The first type of control covers the entire visit and aimsand the instances representing correct answer and d@sact

to ensure thematic consistency throughout the courselgshe I(Cy) the set of instances in the location context diid'r)

attract learners’ attention on relevant artworks or infation  the set of instances in the history context. By taking into

according to the theme chosen by the teacher. account the theme choice, the computation is now:

B. Thematic Control

To this end, we propose to the teacher to choose a number
of resources in the museum knowledge base. For example, 1,[I(G)NI(CyL)]
if the theme focuses on "The French First Empire”, she will Score(G,CL, Ch) = g(w
have to select the characters, places, events, styles ams wo
related to this theme (e.g. Napoleon, Waterloo, Marie-se)li 1(G) 0 I(Ch)| + 11(G) N T)|
This set of instances defines the theme of the visit and iginote [(Cr) |T|
T thereafter.

)

C. Contextual Control
The choice of the sefl’ changes the behaviour of the
system concerning the presentation of information. Whe
learners consult the list of works nearby, the works that ar
semantically the closest to the sEtwill be highlighted in
order to encourage learners to consider these works. Siynila
when viewing information about a work, the elements (e.g
styles, characters) belonging to or close to theBetill be
highlighted to facilitate their consultation by the learne

The contextual control aims at providing the teacher with

he ability to propose specific activities depending on ernt
or example, the teacher may wish to propose, at the end

of the visit a quiz about the works that have been seen at
the beginning of the visit, or may wish to propose an open
question on a work according to certain criteria (e.g. if the
work is a portrait from the Italian Renaissance). Contelxtua
control rules are defined by three parameters: the timevialter

In addition, the calculation of contextualized suggestin  during which the rule applies, the context of the rule agplic
adjusted to fit the choice @F. The idea is to suggest elements tion (preconditions) and finally information constraints e
semantically close to the sét, while remaining consistent proposed activity when the rule is triggered.
with the item consulted by the learner. This modificatioretak
the form of a new ordering of suggestions to promote those
close toT'. Initially suggestions are simply ordered according
to their semantic proximity with the current entity: if the In figure 7, the first rule specifies to propose an MCQ to the
learner consults information about an entitfi.e. an instance learner at the end of the visit (after 100 min, supposing the
of the knowledge base representing a work, an artist..€), thvisit lasts two hours). The second rule specifies to ask an ope
score of a suggestion is given by Proxzs.n, (e, s). Taking  question if the subject of the considered artwork is a pitrtra



V. VALIDATION We see that the consultation and suggestions activities
chieve good scores in terms of usability and usefulness. Th
ks getting the worst scores are annotation and corisaltat
annotations. Following this experiment, we decided to
replace the free annotation with open questions, whiclneif t
leave less freedom, make it easier to comment artworks.

We have evaluated two aspects of our proposal: the re?a
evance of the generated questions and recommendations agﬁ
the usability of the system in a situation of museum visit. We
then present the validation plan that we have planned.

A. Relevance of generated questions and recommendations

To assess the relevance of the questions and recommenda- EXperimental validation

tions generated by the system, we have built a knowledge base agter testing usability and relevance of our proposition,

containing fifty works and ten artists from the Middle Ages, s gesigned an experimental validation of our system. This
to modern times. That knowledge base was generated frojigation plan consists in two phases. On the first phase we
semantic descriptions available in DBPedia. We generated f ;.o going to compare the behaviour of students of two schools

each work and artist the four closest recommendations. V\/\\@OUDS in a museum visit. On the second phase we are going
also generated a set of MCQ about artists and artworks. conduct interviews of students to have a more subjective
then asked a domain expert to assign a score from 0 to 10 fQfsion of their experiences.

each set of recommendations and a score from 0 to 10 for each
question. The results are summarized in the following table During the first phase, the control group will visit the mu-
seum with the teacher an a guide while the experimental group

[suggestion will use the CALM application to visit the same museum.
Subject  of Minscore | Maxscore Mean We have established three measurable criteria of compariso
— 5 5 55 between the students behaviours. The first criterion isithe t
Artwork I 10 7.2 spent looking at the artworks which is a good indicator of
students’ interest [18]. The second criterion is the timensp
| LLLED, _ listening to the guide or reading information for the cohtro
:}‘2’&“ off Minscore | Maxscore | Mean group versus the time spent consulting information or using
Artist 3 B 7.1 learning game in the other group, this should give us an
Artwork 4 9 7.7 indicator on how each group is focused on actual knowledge

acquisition. The third criteria is the time spent by student
exchanging with others about the artworks, indeed peer ex-
changes is a major criteria of appreciation of the museum

, ) . experience and help students to construct their knowlegge b
The average score is relatively good for recommendatlongxchanging their views of artworks [19].

and questions. The low minimum can be explained by the

mode of construction of the knowledge base. Artists and wiork  During the second phase we will interview students of
with low scores in terms of recommendation or questions ar¢he experimental and control group. We will try to determine
artists or works whose semantic description is extremdabfbr the impact of the system on the recall of information about
in DBpedia. These scores may be improved if the descriptionartworks. We will also seek to determine whether students

Fig. 8. Evaluation of recommendations and MCQ

are completed. who used the system will be more likely than others to go
to further visits or to inquire about artworks that are exteith
B. Usability experiment in the museum.

We conducted an usability experiment during an actual The last phase of evaluation would involve evaluating the
museum visit. The experiment took place in the Great Hallacquisition of meta-knowledge about the museum visit, such
of the Imperial Palace of Compiegne (France) and involveds: how to compare artworks? How to apprehend a museum
37 visitors. For this experiment, since we were testing onlyisits? What and where information can be found before and
usability we used a previous version of the system werafter the visit? This evaluation would be very interesting b
suggestions were hard-coded. We used a classical appmachwe are not planning it for now since it would require a long
validation interfaces inspired by the System Usability I8ca work with teacher and education professional.
method [17]. The visitors were asked to perform a set of
tasks using the application: consultation of informatidsowat
artworks, consultation of suggestion, annotation and wites VI. CONCLUSION
tion of annotations on the artworks. The visitors then filed
guestionnaire to assess the usability and usefulness of ea
task. The table Il summarizes the scores of usability an
usefulness of different tasks on a scale from 0 to 100.

We presented in this paper an ubiquitous learning system
esigned to assist a school group museum visit. Using a
semantic representation of the context and cultural hgita
we proposed various contextualized activities to helpriees

TABLE Il.  USABILITY AND UTILITY to navigate through the museum knowledge and to use the
Task Usability | Uty acquired knowledge through self-assessment activities an
Consult artwork description 83 97 open questions. The originality of our proposal is based on
Consult suggestion 8 86 the dual modelling, semantic and contextual, which allows u
Consult annotation 73 60 ide th h ith . | h itavh
SUBMIT an annotation 53 = to provide the teacher with a certain control over the touifev

allowing students a certain degree of freedom.
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