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A T-learning Courses Development and
Presentation Framework

F. Bellotti, S. Vrochidis, E. Parissi, P. Lhoas, D.

Abstract—This article proposes an open flexible and
composable framework for the development, the delery and the
presentation of t-learning courses in interactive jital TV (iDTV).
The framework is divided into two main parts: the production side,
where the course is prepared and the client side, here it is
presented on iDTV, and where the user can perform he
educational interaction. The course production iswgpported by an
ad-hoc designed authoring tool, while the runtime ser interaction
on iDTV is managed by a multimedia course player ipviding
personalization services and a library of educatioml and
entertainment elements and services.

Index Terms— authoring tool, iDTV, MHP, t-learning

I. INTRODUCTION

Television has had a
educational function for the mass audience, typichy
broadcasting culturally-relevant movies, documeesarand
news as well as educational programs. The ideaisthiize
Learning through a TV blossomed extensively inipalar as a

complementary educational option besides PC-baseateing
and traditional analogue TV educational programgdrticular,
TV-based interactive education promises a hugengiatedue
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to its ability to support interactivity, while corapsating for the
low penetration of Internet-enabled computers imgarison
with the penetration of a TV in a household.

“T-learning” was the new term, which prevailed ftire
definition of TV-based interactive learning [1]. & first forms
of learning with interactive digital TV (iDTV) havieeen little
more than modified or enhanced videoconferencingday,
iDTV platforms for learning provide a large amouat
audiovisual and educational content to the viewepugh
interactive and content personalization. iDTV inisidered as
the convergence of television and computer teclyiesoby
encompassing three important features typical
computer-based technologies [2], such as inteifgtiv
personalization and digitization.

Digital television mostly relies on the Digital \ad

of

long history of performing afproadcasting (DVB) standard, characterized as DVEdT

terrestrial, DVB-S for Satellite and DVB-C for Cabl
transmissions. DVB has been defined by a consomiupublic
and private organizations in the iDTV sector [3].

In the DVB schema, the digital TV signal is traned as a
stream of MPEG-2 data known as a transport strémns
stream consists of a set of sub-streams (elemesteegms),
where each sub-stream can contain MPEG-2 encod#id, au
MPEG-2 encoded video or data encapsulated in MPEG-2
stream.

MPEG-2
Encoder

ARV Btreams

Tvlultiplexer

Object
Carousel
Generator

Interactive
Applications

Fig. 1: overall broadcasting system for digital TV.

Subsequently, the transport stream is passed to the
multiplexer and then to a Radio Frequency (RF)dmatter in
order to be broadcasted. The overall broadcastistem for
digital TV is illustrated in Figure 1. The receivesibnal is
demodulated and afterwards it has to be decodepiately.

The common TV sets are manufactured to deal witiogie
signals. Hence, a device called Set Top Box (SEB)sed to
transform the digital signal. Moreover, it also yides a
middleware, based on an embedded Operating SysDSh (
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which is an execution environment for running thteiiactive
applications that are broadcast in a channel tegetlith the
main audiovisual stream. Execution environmentsstardard
and the most common are: the European Multimedienéio
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V concludes the paper.

Il. GENERAL OVERVIEW

Platform (MHP), the American Open Cable Application

Platform (OCAP) and DTV Application Software Enviraent
(DASE), the Japanese STD-B23/STD-B24. Since MHthés
standard in Europe and a subset of it, the Glolztigcutable
MHP (GEM), is becoming the common reference worldey
in this article we focus on MHP.

MHP is the middleware system for
development designed by the DVB Project [4]. Thet filraft of
MHP was released in August 1999 and the first wveref MHP
1.0 was approved by DVB in February 2000. MHP affar
standard platform for application developers. Apgiions are
written in Java and HTML, so they don't depend oy single
hardware platform or operating system. Due to D&W's
special context, MHP-Java applications are sligkifferent
from normal Java applications. However due to thelarities
with Java applets, MHP-Java applications are calets.

On the one hand, MHP Java limitations are mairigtee to
the constraints given by the STB’s hardware andrQ&rms of
computational power, memory size, storage, comnatioic
facilities, screen resolution, font and colour #adaility and
their size is severely constrained by the limitezhdwidth
available. On the other hand, MHP provides supfmorthose
special features which are essential in the digitaivorld such
as low-level access to the transport stream, seimformation
access, and support for the specialized graphicehwf the
digital TV. MHP can be extensively exploited by&tning as it

offers the proper middleware for learning intenaeti
applications.
A/V stream
5 MPEG
encoder
$ Synchronization oy
Course Multimedia Player STE v
* Transport

Object Stream
Carousel

Generator

Authoring
Tool

Resources

Games
Images
Audio
Text

IP return channel
communication

storing
learning
Tesources

Fig. 2: General Framework for the development aelivery of a t-learning
course.

The purpose of this article is to propose an opexilfie
platform for the development of t-learning coursg&xploiting
the available iDTV technologies in a pedagogicay.wa

The article is organized as follows: section |l qmeats the
proposed framework, the t-learning course strucamd the
main components involved. Subsequently, sectiodd#cribes
the development of t-learning courses, by analyzithg
authoring tool, while section IV deals with theecit side, where
the Course Multimedia Player is presented. Evelytusiction

A. General Framework

The proposed architecture, which is illustratetFigure 2 is
split in two parts: the production side where tlmtent is
prepared and the receiver side where the courzesented to
the viewer through the appropriate terminal.

interactive TV The production side is the area where the cours&enbis

created. As the course development is based aeduérement
of reusability, the content is structured in thprapriate format
so it is playable by a Course Multimedia Playeralhis also
transmitted with the course package.

The educational A/V stream for the t-learning ceussbuilt
by a TV producer, while the contents are develojpethe
authoring tool by the educators. The content inoclgidjames,
images and text is used for the development ofopalized
courses and can be retrieved from a server wheneibg
resources are stored. Eventual A/V-application Byomization
is achieved with the aid of authoring tool as welhere the
content created is matched on specific time stamgested in
the A/V stream. Subsequently, the A/V stream isiféd the
MPEG2 encoder while the content produced by thaaaing
tool and the Course Player Xlet are inserted ih® dbject
carousel. In this way the sub-streams are constlughd then
multiplexed to form the final transport stream, @iis
broadcast.

The signal is received at the receiver side andgssed by
the STB where the A/V stream and the applicatioag@stored
from the transport stream. The Xlet that contalmesttlearning

course runs on the STB MHP middleware presentirgy th

content of the course. The existence of an Intelffeteturn
channel on the STB allows the use of on-demanduifest
Through this return channel it is possible to seeduests
regarding the retrieval of additional learning nases as well
as information about the viewer in order to suppmire
advanced personalization features.

B. T-learning Course Structure

The course creation is based on the structurel@faaning
Object (LO) [5]. A Learning Object can be defineddbmth the
basic unit of a learning experience and as a sataliic chunk
of learning that can be reused in different contéxtother
words, the LO structure is actually an aggregatibritems,
which grants a customizable and flexible reuse.

Following this definition and by adopting the LO d&b
specifically developed for t-learning courses,sitpossible to
integrate several multimedia components and thweater
educational material and content suitable for itistion
through an iDTV infrastructure. Thanks to this miodee
content author can manage separately the varicupauents,
as well as the parameters that define their behasim then
generate in a simple way the final LO (coursehmform of an
XML script.
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This XML script describes the t-learning course aad
interpreted at runtime by the Course MultimediayBteon the
STB. It is Object Oriented, which is close to humaasoning,
easy to agree and specify. Moreover, Object Oriimtas well
supported through powerful development tools (@ML). The
script is event-oriented as well, which is partéily suited for
the TV environment, where an application may bekyonized
with the underlying A/V stream.

The main objects nested in the script are calledscand can
contain either a multimedia page (MPage) , whicly nansist
of texts, images, audios and buttons accompaniethdylV
stream in various formats (e.g. inside a quartemé&), or an
interactive edutainment unit, such as a game. Akimedia
page is considered a normal page that could appdebe TV
screen while games include quizzes, puzzles amh.so

In order to support reusability, the above itempége and
games) are implemented as specific templates, vdrieHully
configurable in terms of contents and appearendeesd
templates can thus be instantiated one or moreitiraeourse.
Configuration files also support personalizatiomaf is, the
properties of a single template instance can furthe
parametrized according to the dynamic (i.e. evgvaven
during the course) profile of the end-user. Thisathieved
through the introduction of parametrical tags tltah be
parameterized by the course content author on dhengeters
defined by the Personalizer’s module which is dbscrin the
next section.

The XML script specifies the cards that constitateourse,
their content (in terms of the above mentioned tatep), and
their time scheduling, since several of them may
synchronized with the A/V stream., Synchronizatids
expressed in terms of time triggers that are iegeir the A/V
stream and are able to trigger relevant cards,igaspecified in
the script.

The script also contains information about globadiables,
that can be defined by the author and serve tesfor the
whole length of a course, course-specific infororatinat are
typically used to schedule the triggering of thedsaaccording
to the preferences, needs and/or other paramdtts ourrent
user.

Finally, through the script the course author cdso a
specificy the aspect and the functionalities ofrtaeigation bar,
which is displayed as a stripe at the bottom (pJ @ the screen
and is controlled through the 4 iDTV colour buttgred, green,
yellow, blue). Sample functionalities can be ofterey the
navigation bar include: personalization settingbpice of
course categories, exit/hiding/restoring of cafradps, further
info, other advanced services. Functionalitiesgaoziped in 4
clusters, each one of which is mapped to (and aedetrough,
by end-users) one the four coloured buttons. Asmuray have
several different navigation bar configurationsttithange
dynamically during the course itself (e.g. in diffet cards,
different categories, when no card is on displaypider to
provide the most suited, context-aware supportse ltifferent
configurations are to be specified by the authothi course
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script.

C. Multimedia Page

A multimedia page is the most common item useddard to
create a course. It allows the content creatordely locate
static assets as titles, pictures, text zones &sudiateractive
assets as buttons.

Figure 3 shows a multimedia page displayed by parency
on a full screen TV-program.

The Mpage is template-based in order to allow Heilisa
Such page can be shown at runtime by using theifgpec
MHP-java classes which read the respective progiety The
property file supports the customization and thesqealization
of the page including text fonts, text boxes size lacation, etc.

A sample Mpage as it presented to the viewer thrahe
iDTV screen is illustrated in O.

COUPLES TEMPLATE

press to select

Which is the Cristallo Mountin?

%\ -- Press 0 when finished
.

Button (selected) ' Button (not selected)

Figure 3: Instance of a Multimedia Page.

D. Interactive Edutainment units

Games in iDTV could play an important role in trigiag
although today are used mostly for entertainmentvatiays, a
considerable number of games exist for iDTV, cawgsarious
categories, such as arcade, adventure, puzzle carzatéonal
games. Quizzes, multiple-choice and memory gamesdco
increase the interest of the viewer-learner supmprthe
concept of relaxed-learning that seems suited to TV

T-learning has the ambition of creating educatigiaahes for
a wide range of users, in particular those withtéhattitude to
computers. The games are considered as an intggrabf a
t-learning course as they could support the legrpirocedure
involving a wide audience through challenges andagimg
activities that are anyway able to meet the typisar need for
relax and sympathy.

The games that can be included in a course aredbase
specific configurable templates and form a Javasctmckage,
which is structured as follows. Game Template ¥aea class
that abstracts general game functionalities. Sebekof Game
Template are the game typologies offered by thedstal game
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library. Sample game typologies include: Memoryz#es,
Visual Quiz, Couples, etc. The Actual games plaggdthe
end-users will be instances of such subclasses.

From a software point of view, Game Templates is
hierarchy of Java classes. Game Template is th&raabs
superclass. The game typologies are the concrbtdasses.

The actual games running on the STB will be instancf
such game typologies. Every game instance will comwndled
with its own resources (i.e. images, animationstdographics,
text, etc.).

The actual games running on the STB will be instancf
such game typologies. Every game instance will comwndled
with its own resources (i.e. images, animationstdographics,
text, etc.).

On the production side (i.e. off-line), an authoeven not
skilled in computer science — will be able to cegattances of
the various game typologies (i.e. actual games witktbe
broadcast and played) by editing parameters (eugber of
available lives) and inserting contents (e.g. insaggaphics,
guestions, animations, etc.). This can be done uaibn or,
much more efficiently, thorugh an ad-hoc developathoring
tool, that we will describe in the next section.

QA QUIZ

A COUPLES

T

s o

4 MEMORY

Figure 4: Instances of Games.

The runtime system running on the STB manages tl

life-cycle of every card and its contained elemgemfames
included (i.e. loading, starting, managing its eid possibly
forcing a pause and/or stop), according to whatifipd by the
script. A game will be able itself to recursivelyanage other
games (i.e. building trees of games, accordinght® user
preferences).

In Figure 4, sample instances of Quiz, Couples, brgrand
Puzzle games are illustrated in the way they apjpetite TV
screen.

72

E. Personalization in t-learning courses

In general, the final goal of personalized learnisgto
provide a learning path that is matched to thenkexés needs and
abilities, resulting in a more efficient and highadjty learning
process. In order to obtain this matching of ledsnerofile and
objectives, current learning context and availgi#dagogical
resources, a well-defined description of each carapb
involved in the process is needed, with specifteifoon the user
model. An additional interesting aspect of the peatization
process is that, once the user model has beenfidénthe
accuracy of the personalization can be iteratiirafyroved with
time, as more dynamic data are collected and stagarding
the ongoing interactions of the user with the systnd the
continuous monitoring and re-assessment of the 'suser
satisfaction. This also allows for a classificaticend
“clustering” of learners [6].

Personalization in terms of t-Learning implies tagiotential
iDTV learner can easily be offered on his/her T\Wipgnent a
selection of available pedagogical contents andvices
according to his/her interests, skills and prefeesn

The module, which is responsible for allowing
personalization in the proposed t-learning framéwi called
Personalizer. This module is capable of user tregkiaking
into account long term features as age, sex, &cl,session
features, like score in a game, difficulty courseel and other
course related preferences.

The Personalizer keeps track of the dynamic usdilg@fe.g.
current values of the user interaction, such asesedhat pages
have already been visited, what quizzes, etc.) ahdhe
persistent user profile (e.g. preferences, et@jok finishing,
every card is responsible for updating the Perszaral For
instance, the results of a questionnaire may chamdgiee global
score of the course has to be updated.

The main component involved in the production sgléhe
authoring tool. This tool is composed of two logdiparts: the
content insertion and configuration tool and thépsduilder.

The former is responsible for the template configjon
while the latter deals with the definition of thegsience of the
course based on time and logical events. The bofphis tool
is composed of the sequence script in XML formaij@scribed
in the previous section, the property files of templates and

PRODUCTION SIDE

ﬁhe resources (images, audio files, etc) involwed structure

p%ckage. The whole production chain is illustrateBigure 5.
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XML script
contents
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XML
Content
Descriptor

XML Script
Contents
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Course Multimedia Player
interpreting & managing
user interaction with an
XML course description

Content
Authoring
Tool

Script
Builder

ﬂ—

XML Script
Property
files

Course

Contents Package

Fig. 5: Production Chain.

A. Authoring Tool

The proposed authoring tool is an efficient envinemt
where the author is capable of creating educatiwgses for
iDTV. It consists mainly of the two logical aforem@sned
parts: the course sequence and events definitidnvgaere the
structure of the course is defined based on evadt the
templates configuration part, which is responsifide the
customization of existing templates like multimegeges and
games.

The tool provides a clear graphical interface (Fégh) which
supports features as drag and drop, image preaadobject
designing. The concept of the tool is based orctkation of

Learning Objects in a form of XML script and on th

configuration of existing templates.

A typical t-learning course is based on a learmbgect and
can contain the following main items:

» Globals: used for global tags definition

» Variables: for the definition of variables usedithin the
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(WYSIWYG) environment where authors will not hawe e
concerned by the internal structure and the cangsranposed
by the XML script.

85 eXact Packager - EluProva mporal line (Preview)]

Lo
BT @ }@[scom DEY EC I ¢T

g immaEm €=
Resource tore ax T

000040

wota  wem 0o oo o I

* Ip Rel P
Hame
Enatled tes

Fig. 6: Authoring Tool interface with events anahé¢iine.

The part of the tool which is responsible for tbafiguration
of the cards provides a friendly environment whexésting
templates can be customized. These templates &clud
Multimedia pages with images, buttons and text,timeldia
presentations and games, which can be configungeppately

€n terms of appearance, fonts, screen mode anemifiig. 7).

The idea of templates allows full reusage of exgstiode and
material which is very important in the case of DWwhere the
bandwidth for data transmission and the STB menarey
limited. Hence, this authoring tool is a properusioin for
t-learning as it has been developed to tackle pleeial needs

object. Itis possible also to declare here alMdméables that has 5,4 constraints of the iDTV and to offer educatiaméented

to be used inside events

e Cards: used for creating and setting up cardschwhi

content creation.
The proposed templates have been designed in ahaay

correspond to a set of templates as Multimedia $29;gisfies the needs of the learners while thedufifiguration

presentations and games, as described in section Il

» Categories: used for creating and setting upgeaies,
which correspond to different course paths, andehelated
events that define both the user interaction avd the course
will be presented to the learner. As categoriesoeaconsidered

levels of difficulty (i.e. hard, easy) or other daim categories ;7.7

(i.e. History, Architecture, etc)

The part of the authoring tool dedicated to theatiom of
categories provides authors with an intuitive way defining
events lists (temporal or logical) linked to eacltegory. The
tool handles the definition of all the
operations/instructions by using an XSD schema ‘iseaure”
mode, thus avoiding the risk for the author to geteeinvalid
XML files.

Each category is graphically represented as a tineeway

giving to the author a visual and easy perceptfdheosequence

and articulation of the events. Other supportetlifea - as drag
and drop cards, a temporal line where the events e
sequenced and the possibility to play a video cuntavi) —
further allow for an easy creation of categoridg\ffe 6). As a
result, the tool provides a “What You See Is WhauGet”

supportec

capability, which can also be based on conditithan added
pedagogical value as it supports the creation ofquelized
courses.

EE
i

&)
&

TimolnScor

ScareTl

SeareT2

fimerAreaRGBbarder

" 6 0
= = L ==
ssssss
SEL G ) Cotrs

)

IEig. 7: Authoring Tool interface with templates figaration.
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Fig. 8: Authoring Tool interface with navigationrtnfiguration.

Furthermore the tool supports a standard way oigdes
cards and templates based on a predefined sty&wiill set a
default for many configuration values and let théhar specify
only the main ones.

This feature increases the usability of the tooit asakes it
even more user-friendly and usable also by endsusép do
not intent to waste a lot of time for creating ttwurse and
designing new multimedia pages.

In addition, the authoring tool provides a functbty that
allows the author to customize the navigation heoffering a
proper interface with menus preview and add-remmenu
items capability. Figure 8 illustrates the abowectionality.

Pedagogists and teaching professional will be ésted in
such a tool as it provides a user-friendly and sewriented
environment for the creation of IDTV supported paatzical
content without requiring programming skills. Indétgbn, this
tool could be a very convenient and innovative totufor
professional content providers who are interestedreating
learning content, as at this point there is no@uinly software in
the market that supports the development of edutatiiented
content for iDTV.

IV. CLIENT SIDE

The Course Multimedia Player (CMP) is the t-leagnitient
software that reads the data generated by the rnghtools to
present the final course. It runs on the user N\HB to allow
interactivity between the learner and the applicati

Two main steps in the playing process can be ifiedtas
shown in Figure 9:

 Building the interactive application.

» Executing the application with the video.

A. Building the interactive application

As explained in previous section, the xml scripatains all
required data to instantiate a course. By readhig xml
description file, the multimedia player creates stettic part of
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navigation, personalized path based on the usdilgorand
synchronization with the TV-program are involved.

o

12

XML
Script
Multimedia  FSR Interactive NI Multimedia SN T-Learning
Player application Player course

|

@ TV Program

Building the application
Fig. 9: Building the application in the Client Side

Synchronising with the video

B. Executing the Application with the video

When a T-Learning application is launched by a Ti&wer,
the Course Multimedia Player parses the correspgrstiripts
to instantiate the T-learning course. Subsequethigyfollowing
components are involved:

» Graphical Rendering Manager

» Navigation Manager

e Synchronization Manager

» Personalisation Manager

 Interactivity Manager

1) Graphical Rendering Manager

First, the Multimedia Player is responsible for graphical
interface. It displays all the course componentsraanages the
video stream rendering. For instance, following twurse
creator choice or according to the Personalizeslsies, each
course screen can be displayed in 3 different mddéScreen
(FS), full Screen with TV picture (FSTV) and Striff®) (Fig.
10).

Fig. 10: Card Display Modalities: Stripe, Full Senewith TV Picture, and Full
Screen Instance of a Multimedia Page.

2) Navigation Manager (personalised)

Interpreted at runtime, the course path can chésilpaving
several rules from the personalization manager {[@)is path
can also be influenced by the synchronization manag the
user interaction. It allows a dynamic adaptationhef learning
path. At a higher level, different paths may bectfjgd by the
author for different user categories, as shownign FL.

3) Synchronisation Manager

Synchronization is realized between the TV-progeen the

application. Indeed, regarding the timeline, some ttriggers

the course (each page/card) and the dynamic paerewh(they may correspond to events such as beginningeofirst
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part, end of the second part) are listened byyhelsonization
manager that can thus take adequate actions. §tange, start
an application or change the section in a course.

Fig. 11: Different Course paths paths — due toex'sipersonal values - for 3
different user categories. Circles correspond tdsa

If we consider a TV-program, which is related tairtem,
with a first part dedicated to Paris and a secantigedicated to
London, the synchronization mechanism will sendeaent to
the course to change the relative data from Patismdon. The
T-learning course may be thus context-aware reggrdhe
video stream.

4) Personalisation Manager

The Personalizer keeps track of thymamic user profile (e.qg.
current values of the user interaction, such asesedhat pages
have already been visited, what quizzes, etc.) ahdhe
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reception of “commands” from the servers, applaratervers
or broadcast server. For instance, the serveraictigity can be
used to store general data in a centralized waysorto request
additional information on a given topic.

V. RELATED WORK

Although the research and development in iDTV-based
t-learning is rather limited up to date, some iesting
approaches have been presented.

An interesting approach was the technological fraon& for
TV supported collaborative learning proposed in [[f] this
approach t-learning contents are created with gufai® tools
and delivered however personalization was not eg@ind the
fully automatic creation of the course was not sufgd. In a
more recent work [8] a more general framework isspnted
with content creation based on XML structures ardpates.
Although this work has been an interesting basis istill
inadequate to deal with learning oriented contenit &erves
more general purposes. Furthermore the two aforéomeal
approaches havent been tested thoroughly in iDTW o
simulation environment, as no specific resultspesented.

Considering the market approach, nowadays there
considerable tools available, both open sourcecantmercial,
like Composer [9] and Grins Pro Editor [10]. Mopesifically,
the former is capable of creating content in NCL][tanguage
for Ginga middleware while the latter is a SMIL [1&ditor.
Such tools could have been used for the creatipeadégogical
content due to their flexibility, however, as theye not
education-oriented, they would fail to satisfy theeds of
pedagogues.

are

VI.

In this article a flexible framework for the creati and
display of t-learning content on iDTV was presentddhe
proposed platform exploits the available iDTV teslugies in
order to provide support for the development ares@ntation

CONCLUSION

persistent user profile (e.g. preferences, age, etc.). Nd¥ onof t-learning courses satisfying the pedagogicglirements.

will this module be responsible for updating thed@ealizer's
data, but it will also orient the user by takingidéon at runtime
as explained in the subsection II-E.

5) Interactivity Manager

Finally, the Course Multimedia Player manages htgvity.
Interactivity can be seen in two levels:

* Local interactivity: it is provided by programniab
components that enable the action of the usersible@iparts of
the screen and change the behavior/settings/apmeacd the
objects that are displayed, without the need @ftarn channel.
The user can access local interactivity simply lto her/his
remote control.

» Server interactivity: same as local interactivityt the
actions of the user are sent to a server as “résjuem a
physical return channel [c.f. General Framework]Rard the
behavior of the displayed objects is modified tigtouthe

During the course creation, a clear structuretferdontent is
defined, while the template logic allows reusapilivhich is a
big advantage at the iDTV world where the availdd@adwidth
and the storage capabilities of the STBs are landad the
production costs are high and the time-to-markebrtsh
Moreover, the configurability option allows the émson of
personalization, which is considered as an addedgumgical
value.

This template-based approach allows the creatidliexible,
standard courses that are interpreted by a multaneaurse
player running on a STB, The player interprets tio@irse
configuration script and accordingly presents sheicture
content to the viewer and manages her/his intenadtirough
the remote control.

Another advantage of the proposed framework is the
extensibility as it is possible to support servioeglemand, also
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by exploiting the return channel of the STB, anduding other
kinds of contents, such as virtual avatars and ncoraplex
games.
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