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ABSTRACT

Since the mid nineties, a continue increase in the market of handheld technologies and
consequently in the widespread ownership of mobile devices has drawn the attention of
researchers in Technology-enhanced Learning (Tel). They have been interested in
investigating how these technologies can be exploited for educational purposes aiming to
enhance learning experiences. As a result, this has lead to a research trend which is
commonly referred to as Mobile Learning (m-learning) in which, researchers’ efforts have
aimed to deliver suitable learning experiences to learners considering their personal
mobility needs, the ubiquitous use of mobile technologies and the availability of
information anytime-anywhere. Nevertheless, m-learning is still in its infancy and great
efforts need to be done so as to investigate the potentials of a educational paradigm shift
from the traditional one-size-fits-all teaching approaches to an adaptive and personalized
learning that can be delivered via mobile devices.

Thereby, an open challenge has been identified from this implication:

How can be learning design implemented so as to benefit from the m-learning
characteristics and achieve adaptation and personalization of the individual learning
process in different contexts?

An important factor for achieving personalized and adaptive m-learning has been the
pedagogically meaningful and technically feasible processing of learners’ contextual
information. Therefore in this work, design and delivery of traditional pedagogical-oriented
educational scenarios are suggested to be re-thought so as to benefit from the
affordances of learners’ context and, thus present a solution that addresses the
presented problem.

In order to achieve this, innovative use of learners’ context has been examined to
define a context model that supports both, design and delivery approaches of the learning
design. As well as to demonstrate its implication in general traditional constructivist
pedagogical principles, in terms of ways of using mobile tools, physical spaces, time
allocation, means of communication, distribution of roles, distribution of resources and so
on.

Moreover, it was inspected its technological relevance to the development of two
context-aware adaptation mechanisms, namely polymorphic presentation (for content
adaptation) and content filtering (for educational scenarios delivery adaptation), so as to
provide learners with adapted educational activities and materials. Adaptations achieved
by these mechanisms support learning flow navigation and sequence, problem solving
and interactive communication between learners while they are following the learning
paths of a designed educational scenario.

Being aware of contextual information also led to the construction of an m-learning
delivery system, namely Units of Learning mobile Player (UoLmP), that can dynamically
adapt to the changing context, during the learning process, towards to a more effective
and enhanced delivery of educational scenarios.




Abstract

Experimentation with the developed mechanisms, as well as with delivering a
designed context-aware educational scenario through UoLmP, to students in a real
language learning center, support the application of the proposed solutions and revealed
promising results. Described results confirmed the effectiveness of the adaptation
mechanisms and UoLmP. Finally, the results gave positive clues about the engagement
of students’ in constructivist context-aware educational scenarios, as well as the
enhancement of students' attitude heading the use of a context-aware and adaptive
delivery system for m-learning.




RESUMEN

Desde mediados de los noventa, un continuo incremento en el mercado de las
tecnologias moviles y consecuentemente en su extensiva posesion, ha atraido la
atencién de investigadores en el Aprendizaje Mejorado por Tecnologias (TeL por sus
siglas en inglés), quienes se han interesado en investigar como estas tecnologias
podrian ser explotadas para mejorar las experiencias en el aprendizaje. Esto dio lugar a
una linea de investigacion que se conoce comunmente como Aprendizaje Movil (m-
learning en inglés). En esta linea, los esfuerzos se han dirigido a ofrecer experiencias de
aprendizaje a los estudiantes, teniendo en cuenta sus necesidades de movilidad, el uso
ubicuo de las tecnologias moéviles y la disponibilidad de informacién en cualquier
momento y en cualquier lugar. Sin embargo, m-learning se encuentra todavia en su
infancia y se deben hacer grandes esfuerzos para investigar el cambio de paradigma
educativo, desde la forma de ensefianza tradicional de “un modelo Unico para todos” a
un aprendizaje adaptativo y personalizado que se pueda entregar a través de
dispositivos maviles.

De esta manera, el siguiente desafio ha sido identificado por esta implicacion:

¢ Coémo se puede implementar el disefio instruccional con el fin de beneficiarse de las
caracteristicas del m-learning y lograr la adaptacion y personalizacion del proceso de
aprendizaje personal en diferentes contextos?

Un importante factor para lograr un m-learning personalizado y adaptable ha sido el
procesamiento de la informacién contextual de los estudiantes. Por lo tanto, en este
trabajo se sugiere que sean re-pensados el disefio y la entrega de escenarios educativos
basados en una pedagogia tradicional, con el fin de beneficiarse de las potencialidades
del contexto de los estudiantes y asi presentar una solucién que aborde el desafio
presentado.

Para lograr esto, ha sido examinado el uso innovador del contexto de los estudiantes
para definir un modelo de contexto que apoye tanto, el enfoque de disefio y el de
ejecucion del disefio instruccional. Asi también, para demostrar la implicacion que puede
tener en principios pedagdgicos constructivistas tradicionales, con respecto a la forma de
usar herramientas moviles, el uso de espacios fisicos, la asignacion de tiempo, los
medios de comunicacion, la apoyo de recursos, etc.

Por otra parte, se inspeccioné su relevancia tecnoldgica para el desarrollo de dos
mecanismos de adaptacion sensibles al contexto, a saber, la presentacidon polimérfica
(para la adaptacion de contenidos) y el filtrado de contenidos (para la adaptacién en la
entrega de escenarios educativos). Las adaptaciones logradas con estos mecanismos
apoyan la navegaciéon y el seguimiento del flujo de aprendizaje, la resolucion de
problemas y la comunicacidn interactiva entre estudiantes, mientras siguen los caminos
de aprendizaje de un escenario educativo.

La explotacion de la informacion contextual también condujo este trabajo a la
construccion de un sistema para el m-learning, llamado “Reproductor mévil de Unidades
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de Aprendizaje (UoLmP por sus siglas en inglés)”. Este sistema puede adaptarse
dinamicamente al contexto durante el proceso de aprendizaje y ofrecer una entrega
ajustada de los escenarios educativos.

La experimentacion con los mecanismos desarrollados y con la entrega de un
escenario educativo sensible al contexto a través de UoLmP a los alumnos de un centro
de idiomas, ayudé a aplicar las soluciones propuestas y revel6 resultados prometedores.
Los resultados descritos confirmaron la eficacia de los mecanismos de adaptacion y de
UoLmP. Finalmente, los resultados dieron pistas positivas sobre el acoplamiento de los
estudiantes en escenarios educativos constructivistas sensibles al contexto, como
también sobre el mejoramiento en la actitud de los estudiantes hacia el uso de un
sistema sensible al contexto para m-learning.




RESuUM

Des de mitjans dels noranta, un continu increment en el mercat de les tecnologies
mobils i conseqiientment en el seu extensiva possessio, ha atret I'atencié d'investigadors
en I'Aprenentatge Millorat per Tecnologies (TeL per les sigles en anglés), que s'han
interessat en investigar com aquestes tecnologies podrien ser explotades per millorar les
experiéncies en l'aprenentatge. Aixo va donar lloc a una linia d'investigacié que es coneix
comunament com Aprenentatge Mobil (m-learning en anglés). En aquesta linia, els
esforgos s'han dirigit a oferir experiéncies d'aprenentatge als estudiants, tenint en compte
les seves necessitats de mobilitat, I'tUs ubic de les tecnologies mobils i la disponibilitat
d'informacié en qualsevol moment i en qualsevol lloc. No obstant aixd, m-learning es
troba encara en la seva infancia i s'han de fer grans esforgos per investigar el canvi de
paradigma educatiu, des de la forma d'ensenyament tradicional d "un model Unic per a
tots" a un aprenentatge adaptatiu i personalitzat que es pugui lliurar a través de
dispositius mobils.

D'aquesta manera, el segiient desafiament ha estat identificat per aquesta implicacié:

Com es pot implementar el disseny instruccional per tal de beneficiar-se de les
caracteristiques del m-learning i aconseguir I'adaptacio i personalitzacié del procés
d'aprenentatge personal en diferents contextos?

Un important factor per aconseguir un m-learning personalitzat i adaptable ha estat el
processament de la informacié contextual dels estudiants. Per tant, en aquest treball es
suggereix que siguin re-pensats el disseny i el lliurament d'escenaris educatius basats en
una pedagogia tradicional, per tal de beneficiar-se de les potencialitats del context dels
estudiants i aixi presentar una solucié que abordi el desafiament presentat.

Per aconseguir aix0, ha estat examinat I'is innovador del context dels estudiants per
definir un model de context que doni suport tant, I'enfocament de disseny i el d'execucio
del disseny instruccional. Aixi també, per demostrar la implicaci6 que pot tenir en
principis pedagogics constructivistes tradicionals, pel que fa a la forma d'usar eines
mobils, I'is d'espais fisics, l'assignacié de temps, els mitjans de comunicacio, la suport
de recursos, etc.

D'altra banda, es va inspeccionar la seva rellevancia tecnologica per al
desenvolupament de dos mecanismes d'adaptacié sensibles al context, és a dir, la
presentacio polimorfica (per a l'adaptacié de continguts) i el filtrat de continguts (per a
I'adaptacié en el lliurament d'escenaris educatius). Les adaptacions aconseguides amb
aguests mecanismes donen suport a la navegacio6 i el seguiment del flux d'aprenentatge,
la resolucio de problemes i la comunicaci6 interactiva entre estudiants, mentre segueixen
els camins d'aprenentatge d'un escenari educatiu.

L'explotacié de la informacié contextual també va conduir aquest treball a la
construccié d'un sistema per al m-learning, anomenat "Reproductor mobil d'Unitats
d'Aprenentatge (UoLmP per les seves sigles en anglés)". Aquest sistema pot adaptar




Resum

dinamicament al context durant el procés d'aprenentatge i oferir un lliurament ajustada
dels escenaris educatius.

L'experimentaci6 amb els mecanismes desenvolupats i amb el lliurament d'un
escenari educatiu sensible al context a través de UoLmP als alumnes d'un centre
d'idiomes, va ajudar a aplicar les solucions proposades i va revelar resultats
prometedors. Els resultats descrits confirmar l'eficacia dels mecanismes d'adaptacio6 i de
UoLmP. Finalment, els resultats van donar pistes positives sobre l'acoblament dels
estudiants en escenaris educatius constructivistes sensibles al context, com també sobre
la millora en l'actitud dels estudiants cap a I'Us d'un sistema sensible al context per a m-
learning.




INTRODUCTION AND OUTLINE OF THE THESIS

This chapter provides an overview on the main facets of the research in this thesis. First,
the author describes the research problem and expresses the motivation to work on it
and the related aspects presented along the chapters of this thesis. Then, general
questions for the research are introduced and discussed in brief. After that, the defined
objectives and research proposal is described and the research methodology is explained
S0 as to give details of the general scopes in the work. This chapter concludes describing
the contributions of this research and the description of the structure of this thesis at last.

1.1 Motivation and Problem Definition

Over the past years there has been a huge increase in the market of handheld
technologies and consequently in the widespread ownership of mobile devices. The
production of new and different mobile devices is tending to provide users with a variety
of technological capabilities and diverse possibilities to access the information offering a
ubiquitous immersion with interconnected communities. This have generated a growth in
the provision of new services by mobile communications industry, that include internet
access without place and device constraints, interpersonal and group communication (via
wireless, mobile communications and virtual private networks) without location and time
restrictions, sharing of digital content in any format (text, image, audio and video),
location-aware information delivery and personalized assistance based on users’
preferences and needs (Herrington, J., et al., 2009; Sharples & Roschelle, 2010).
Therefore, mobile devices have became the type of objects with greatest index of
usability, joining several functionalities, tools and services that can be accessed
anywhere, anytime, and satisfying the nomadicity needs that people have while they are
moving and normally carrying everyday tasks to any place.

This growth has drawn the attention of researchers in Technology-enhanced
Learning (TeL) which are interested in studying how mobile devices can be exploited for
educational purposes aiming to enhance or re-think traditional classroom-based and/or
desktop-based web-facilitated educational experiences. As a result, this has lead to a
research trend which is commonly referred to as Mobile Learning (m-learning) in which
researchers and educational stakeholders have been concentrating their efforts so as to
consider the affordances of wireless and handheld technologies in education.

Briefly going through m-learning history, in its early days (mid 1990s) research and
educational initiatives focused on taking the most of “mobile and wireless technologies
within the classroom”, i.e. in this phase there was an interest on what devices, in
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particular PDA, laptops and mobile/cell phones, can be used for in an educational context
for instruction and training. Then, in early 2000s, a second phase of m-learning focused
on “learning outside the classroom”. Researchers’ interest relied on highlight the benefits
that mobile technologies may bring to meaning-making for a person in situations outside
institutionally framed educational contexts. This second phase includes field trips,
museum visits, and personal learning organizers, among others. Finally, by mid 2000s,
research initiatives start focusing on the “mobility of the learner” involving the design or
the appropriation of learning spaces and on informal learning and lifelong learning. In this
third phase, affordances of emerging technology, surrounding resources and availability
of information to the learner’s situation and context can be distinguished.

Since the beginnings of third phase of m-learning, a new research trend has been
emerging which focus rely on delivering personalized and adapted mobile learning
experiences to learners with regards to: i) the mobile device from which they are
interacting with (i.e. aspects of 1st phase of m-learning); ii) their individual needs and
preferences in learning situations different from a traditional classroom (aspects of 2nd
phase of m-learning); and iii) the surrounding resources (people, ambient technologies,
physical objects, etc.) that may affect the interaction between learners with anytime-
anywhere available information (aspects of 3rd phase of m-learning) (Hwang, 2006;
Sampson et al., 2012).

While m-learning is a growing research area, aspects of adaptivity and personalization
are becoming more and more important and they are playing an important role towards
providing learners with adaptive and personalized learning experiences delivered via
mobile devices (Nagella & Govindarajulu, 2008; Economides, 2009; Kinshuk, Graf &
Yang, 2009;). Thus, in order to achieve adaptive and personalized m-learning, suitable
educational scenarios should be re-thought and re-designed (Beetham & Sharpe, 2007)
considering different learning situations in which are participating: different personal
learners’ aspects (such as their individual preferences and needs among others) and
aspects related to the heterogeneity of resources and information presented in different
contexts (Ravenscroft & Sharples, 2011). Moreover, adaptivity and personalization issues
should be incorporated in the development of m-learning systems (Graf & Kinshuk, 2008)
so as to provide learners with a learning environment that is not only accessible anytime
and anywhere, but also accommodating to their context.

An important success factor for achieving personalized and adaptive m-learning has
been the pedagogically meaningful and technically feasible processing of learners’
contextual information. While the formal definition of context is still an open issue
(Luckin, 2010), generally in TeL and for the background aspects of this research work,
the perspective of contextual information involved every piece of information that
characterizes a learners’ given situation.

Innovate use of context from different disciplines can be examined for potential
relevance to, the development of new educational scenarios and m-learning systems in
Tel, as well as to demonstrate its implications in general traditional or newcomer
pedagogical principles in terms of ways of using mobile tools, physical spaces, time
allocation, means of communication, distribution of roles, resources and so on. Therefore,
there is an existing need on examining technology and context relevance to “design and
delivery for learning”, the process whereby teachers, instructors, and designers in general
arrive at a plan of design and delivery for different learning situations (Sharples, 2002;
Muller, Krogstie & Schmidt, 2011; Schmidt & Braun, 2006).
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Being aware of and exploiting contextual information (for example, learners’ different
prior knowledge, interests, learning styles, learning goals, as well as current location and
movements in the environment) can lead to context-aware educational scenarios and m-
learning systems that can dynamically adapt to the changing context during a learning
process towards to a more effective, convenient and enhanced learning experiences.

However, in present TeL research there are neither learning design templates nor
learning scenarios construction guidelines that let describing in the learning design
process what mobile technologies and contextual information can be useful to provide
what learners may need in different learning settings. Moreover, there exists a research
challenge to define optimal ways on how educational materials can be suitable delivered
in context and presented to different roles (learners, apprentices, teachers, instructors,
etc.) which are the main actors of learning and instruction processes. An overarching
challenge in the design of context-aware educational scenarios and mobile systems for
learning is to determine when explicitly to model context and when to provide generic
“awareness” activities, resources, tools or services that learners, individually and
together, can undertake and employ respectively (Sharples, 2011)

Consistently, over the past years different types of context-aware mobile adaptation
have been proposed (Jeng et al., 2010; Martin et al., 2011; Tan et al., 2009; Al-Mekhlafi,
Hu & Zheng 2009). However, existing mechanisms for context-aware mobile content
adaptation follows hard-wired implementations of their adaptation engines based on
defined unique instances of learners’ mobile contextual information. Consequently this
impedes the process of (a) extending the adaptation engines with new instances of
learners’ mobile contextual information and (b) inter-exchanging these engines and their
resultant types of mobile content adaptation with other adaptive learning systems and
applications. Moreover, existing approaches consider that context-aware mobile
adaptation is implemented only in real-time during the mobile delivery process, which in
most cases, significantly delays the process of presenting adapted educational resources
to the learners’ mobile devices.

In general terms, in this research work author’'s motivation focused on studying the
benefits that contextual information, existing on different learning situations and
interactions, can provide to the learning design process, in terms of modeling it, defining
it during design-time and retrieving and processing it during run-time, so as to achieve a
personalized and adaptive m-learning design and delivery. Thus, in order to achieve this,
context-aware adaptation approaches for the learning design process as well as tools for
processing learners’ contextual information and delivering adaptive educational scenarios
via mobile devices are needed.

1.2 Research Questions

Through widespread ownership of portable devices and the increasing growth of mobile
technologies and communications industry, people have been able to access information
from any place at any time. Bearing this in mind, the computer science acquired a
different perspective, marked by a ubiquitous manner of accessing and interacting with
systems. This perspective, introduced by Weiser's vision (Weiser, 1991), was defined as
a seamlessly integration between systems in the environment to aid and support people
in their everyday activities. Following this trend, nowadays new technology has been
produced so as to provide people with necessary tools and services facilitating their daily
activities by means of a relaxing interaction with systems within different contexts.
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Tel, as other related areas, has been influenced by this perception (Sakamura and
Koshizuka, 2005). During the past years, a research challenge has been emerging with
regards to involve ubiquitous use of mobile devices within teaching/learning strategies.
Educational research initiatives has been focused on this ubiquitous characteristic
combined with educational systems development, so as to offer important benefits to
learning design and delivery processes, which could be summarized as follows (Abarca
et. al, 2006; Ogata and Yano, 2004):

e Supporting pedagogical models that are based on authentic learning by exploiting
real-life context.

e Providing flexible, adaptive and personalized learning experiences by exploiting
learners’ contextual information.

Consequently, different educational activities have been proposed by
trainers/instructors/teachers to enhance teaching and learning experiences and to
introduce learners with a ubiquitous m-learning initiative including: listening and watching
different content provided as informative or self-assessment content to be used in specific
places, communicating with peers anywhere and sharing content with them so as to
produce collaborative projects, discussing with classmates about different topics
presented in different downloadable media on a course web site, sending out bulk instant
or short messages to inform learners about different events (new files available on
subjects’ web pages, evaluation dates, forum discussions opened, etc.), uploading videos
with explanations about how to use tools in real world to ensure learners can recall
instruction on different process when and where they need it, making field trips to engage
learners in active experience, and providing learners with supportive mobile systems that
guides them through visits, among other activities. Therefore, on the plethora of
teaching/learning strategies and use cases that TeL users can be typically engaged in,
the author of this research work is particularly interested in considering educational
scenarios which may benefit from the use of mobile and wireless technologies and
learners’ contextual information, so as to re-think and implement them in a formal
procedural learning plan that can be suitable delivered to learners’ mobile devices. From
this stems the first research and development question of this thesis is:

RQ1: How can adaptive educational scenarios, which may benefit from learner’s
contextual information and m-learning dimensions, be designed and delivered?

Among those different emerging activities and new incoming educational scenarios in
which learners can be immersed by using their own handheld devices anytime and
anywhere, one of author’s focus rely on aiming to involve new trends of traditional
constructivist pedagogical approaches for m-learning, so as to design constructive-
oriented educational scenarios that benefits from m-learning characteristics.

With the growing impact of web based distance learning and open educational
resources, constructivist pedagogical approaches are increasingly being studied by
different researchers so as to define or apply suited pedagogical theories for contextual
and m-learning (Ravenscroft & Sharples, 2011). According to this, the aforementioned
research question implied the author of this thesis to bear in mind that for m-learning
settings it is important to help individual learners to create mental images of the content
they are viewing/watching/listening/reading so as they can follow self-directed the
sequence of learning activities that are underway in a procedural learning structure and
therefore they can construct knowledge and achieve the objectives defined by the
instructor (O’Connell and Smith, 2007). Moreover, this led to an important issue that
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needed author’s attention, that is, considering the affordances that activation of context
may bring to the learning design process, i.e. identification and analysis of suited
constructivist pedagogical theories for contextual and m-learning is needed to be applied
in this research work.

On the other hand, a second author’s focus rely on intending deliver those educational
scenarios adaptively to learners’ handheld device at hand considering how the
information of learner's context may support and enhance learners m-learning
experiences. Accordingly, this leads to a research challenge within this research work,
that is, defining optimal ways on how educational activities and materials can be suitable
delivered and presented to different learners (main actors of the learning process)
considering diverse information from learner’'s contexts such as the characteristics of the
learning place and its physical conditions, the spare time used to learn, the contributions
of the surrounding people and the individual learning interests, preferences and needs in
a particular moment, including the capabilities of the learners’ mobile device at hand.

In addition to this, during the past two decades there have been a growing
development of learning multimedia resources (e.g. presentations, web pages,
animations, videos, etc.) and learning tools (e.g. collaborative tools, search engines, web
translators, social network services, etc.) for e-learning purposes, and those digital
educational resources have been mainly designed assuming access and delivery through
desktop computers, this fact is increasing the barriers of learners in accessing them
through their mobile devices (Su et. al., 2011; Zhao et al., 2008).

In m-learning environments, providing personalized educational sequenced activities
(i.e. procedural learning plans represented in the learning design process) and
educational digital materials (resources, tools, services, etc.) while taking into account
limitations of the mobile devices such as limited screen sizes, limited memory available
for page rendering and limited types of content supported (W3C-MBP, 2008) may cause
the loss of information for learning and the failure to achieve the learning objectives if
adaptation processes are not well designed and implemented. This leads to our second
research and development question:

RQ2: How can educational digital materials, used by an instructor in a procedural
learning plan (i.e. learning design), be adapted and suitable delivered to the
learner’s mobile device at hand considering learner’s contextual information?

Within this research work, it was important to consider the study of adaptation
mechanisms based on learners’ context characteristics that can be integrated into the
learning design process and that enable suitable delivery of educational digital materials
appropriately adapted to learners’ mobile devices.

1.3 Objectives

The research heart, the title and the main objective (MO) of this thesis is to achieve a:
MO: “Learning design implementation in context-aware and adaptive mobile learning”

Nevertheless, to aim this, this research work needs to be focused on two main
approaches that involve implementation of the learning design process, namely: (i) the
design approach and (ii) the delivery approach:

i) Design approach: in this approach a procedural learning plan (i.e. learning
design), which from now on in this thesis may be also named as educational
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scenario, is produced. This approach is executed in design-time. In this approach
an instructional designer (commonly an instructor/teacher) can describe and
represent teaching/learning strategies following the foundations of a specific
pedagogical model, by means of defining a set of learning activities/tasks as a
procedural structure learning plan for learners. Moreover, different educational
elements can be described in the learning design including: learning objectives,
support/monitoring activities, educational tools and learning resources that
learners can use so as to complete activities, and environments in which tools
and resources can be used, among other elements that the designer may
consider relevant. As part of the proposals in this research work, the author of
this thesis is considering to support description of educational scenarios in the
learning design approach by identifying and exploiting real-life learner’s
heterogeneous contextual information. Moreover, in this approach adaptation of
educational materials (i.e. digital content such as web content, videos, audios,
images), which are populating constructed educational scenarios, is proposed so
as to deliver them to the learner's mobile device without restrictions of the
capabilities of the delivery device.

ii) Delivery approach: in this approach a created educational scenario is provided
and deployed to learners. This approach is executed in run-time. Moreover,
favorable means to deliver adaptive educational scenarios that are created by the
designer, needs to be designed and developed in this approach. Some of the
commonly used means include adaptive learning flow navigation and
sequencing, adaptive problem solving support and feedback (scaffolding), and
adaptive interactive learners’ communication. Since in this research work the
author of this thesis focused on achieving m-learning experiences delivery
through the learner's mobile device at hand, providing and deploying context-
aware and adaptive educational scenarios is attempted to be supported by the
implementation of the proposed adaptation processes.

Since the past years, TeL has been introduced to a variety of technology-oriented
settings and blended learning scenarios, and in all these settings and scenarios the
learner’s situation or context has been considered as an essential asset in designing and
delivering the learning process (Chen & Kotz, 2000). In m-learning situations, completion
of activities may be influenced by personal characteristics of the learner such as
competence profile (knowledge, skills, attitudes) and individual features (mood,
preferences, needs, interests, etc), as well as be supported by the interaction with
resources such as surrounding people (learning peers, family, tutors, experts, etc.), digital
devices (mobile technologies, ambient intelligence technologies, etc.) and non-digital
resources (books, documents, etc,), and besides be affected by characteristics of the
status of a learning situation such as time, physical conditions of the place, cultural and
social milieu, among other characteristics. All this information and resources have the
potential to enable teachers to take advantage of each learning situation by means of
designing the learning process, bearing in mind how this information can be exploited to
enhance learning experiences. Moreover, it has been suggested that the construction of
adaptive and personalized educational systems, may provide solutions to the problem of
considering this entire context’'s heterogeneity to support the design and delivery
processes (Brusilovky & Millan, 2007).

Bearing the aforementioned aspects in mind, the author of this thesis aims to address
those issues by the following specific objectives:
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e O1: Defining a context model for identifying and describing the information that
can be used to characterize the situation of a particular entity (i.e. anything
relevant) participating in the interaction between an individual learner and a
mobile system.

e 02: Implementing context-aware and mobile adaptation processes for both
design and delivery approaches of the learning design.

e 03: Designing exemplary context-aware and adaptive mobile educational
scenarios so as to explain and present how possible adaptations, that are
realized based on learner’s contextual information, can be incorporated.

e 0O4: Delivering pedagogical-enhanced and structured adaptive and context-aware
educational scenarios via mobile devices.

In chapter 4 a description of the proposals to achieve the development of
aforementioned objectives will be presented.

1.4 Research Methodology

TeL is the encompassing research field to which the work done in this thesis belongs.
Particularly, this works focuses on bringing into play mobile technologies to enable m-
learning and empowering the benefits that learner’'s contextual information can provide to
mobile educational scenarios. As presented in previous section, in order to accomplish
the MO, four linked research goals were proposed (O1, O2, O3 and O4) which can be
summarized in: O1), defining a context model, O2) implementing context-aware and
mobile adaptation mechanisms for both design and delivery approaches of the learning
design, O3) designing exemplary context-aware mobile educational scenarios, and O4)
delivering context-aware mobile educational scenarios via mobile devices. Therefore, an
engineering research was applied and the used methodology must be understood as
such. According to (Richards, 1993), the methodology of an engineering research (which
has been followed in the presented work) is composed of the following four phases:

1) Information phase. The aim of this first step is to identify the existing
characteristics of the problem domain and to clearly state the subject under
research. This phase usually consist in the revision of the existing literature.
Thus, the information gathered by the author of this dissertation, comes from the
following sources:

e The review of relevant related literature with m-learning, context-aware
adaptive computing, learning design and pedagogical approaches for m-
learning, which provided a theoretical background of the problem domain and
the existing work in the field.

e The identification of researchers and research groups working on similar
problems that enriched the discussions of the matter in question. Besides,
along with the source, visiting related research groups and the participation in
workshops, in information and communication technology oriented research
projects and the development of coordinated field experiences.

e The number of documented practical case studies and experiments in the
research field, which suggests the development of experiences that
contributed to the literature with empiric knowledge and research on the
problem domain.
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2)

3)

4)

Definition phase. The information gathered from the previous phase results in
the definition of proposals and approaches of implementation in order to find and
produce a solution that overcomes the limitations presented in the existing
alternatives. In this thesis, such solution consists in the implementation of the
learning design so as to achieve a context-aware and adaptive m-learning.

The definition of the proposal emphasizes the implementation by focusing on
two approaches that involve implementation of the learning design process,
namely: the design approach and the delivery approach. Thus, to achieve this
some proposals were defined and briefly include (Further details of these
proposals will be presented in chapter 4):

i)  Produce a taxonomy of contextual elements,

i) Adapting educational materials through mechanisms for content
adaptation and context-aware educational scenarios adaptation so as
they can be delivered to the learners’ mobile device at hand.

iii) Ildentifying traditional pedagogical strategies which have relevancy on a
constructive (individual and social) and situated perspective of how
learning process can be taken and be described for contextual and m-
learning,

iv) Adopting the IMS Learning Design (IMS-LD) Specification (IMS-LD,
2003) which has been proposed as a possible notation language for
describing learning designs, as well as accompanying educational
content-based adaptations and following a machine readable format,

v) Developing a mobile delivery system that parses defined pedagogical-
enhanced learning paths designed by the teacher (based on a notation
language) and processing different instances for contextual elements
(which normally are changing variables with different values) accordingly
to a designer’s plan and learner’s situation.

Implementation phase. The implementation of the proposal assesses its
practical feasibility and allows the deployment of case studies oriented towards
the validation of the proposed model.

The solution proposed in this thesis has been implemented considering two
context-aware and mobile adaptation mechanisms, namely content filtering and
polymorphic presentation, for both design and delivery approaches of the learning
design, which includes the application of the taxonomy of contextual elements
and the IMS-LD Specification as the core element; as well as a mobile system for
capturing/processing learner’s contextual information and delivering context-
aware adaptive educational scenarios.

Validation phase. The last step of the applied methodology is the definition and
deployment of experiments that evaluate the validity of the proposal, in order to
show and document how the proposed solution overcomes the limitations
identified in the information phase.

In this thesis, the validation consisted in the deployment and later study of a
case of study that used the proposed implementation solutions. Experiences with
a constructed context-aware adaptive educational scenario, jointly with the
approach for delivering through the developed mobile delivery system was
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analyzed with an evaluation that combines qualitative and quantitative analysis of
the results.

1.5 New achievements of the thesis

This section gathers in a nutshell (a common term used to characterize mobile content) a
description of the new achievements and outcomes of the research work explained along
the chapters in this dissertation.

In general terms, as it was previously mentioned the motivation of the author of this
thesis, relies on studying the benefits that contextual information, existing on different
learning situations and interactions can provide to the learning design process, in terms
of modeling it, defining it during design-time and retrieving and processing it during run-
time, so as to achieve a personalized and adaptive m-learning design and delivery.

Thereafter, here are listed the new achievements of this research work which address
the defined objectives:

e Addressing O1: In this research work, heterogeneity of learner's contextual
information was narrowed to a set of contextual elements that jointly together
made part of a taxonomy for designing and delivery context-aware and adaptive
m-learning educational scenarios. Thus, these elements can be used by authors
(e.g. instructors, teachers, tutors, etc.) as part of the learning design process.
Moreover, these elements characterize the information of a context model which,
represented within the structure of a learning design, can be processed by an
adaptation engine. The results of the adaptations achieved by such an adaptation
engine are the delivery of learning activities and educational materials while a
learner is following the flow of a procedural learning plan or learning design. The
context model was firstly published in (Gomez et al., 2009b) and further refined
and published in a journal (Gémez & Fabregat., 2012).

e Addressing O2: Bearing in mind that existing mechanisms for context-aware
mobile content adaptation follows hard-wired implementations of their adaptation
engines based on pre-defined instances of learners’ mobile contextual
information, in this research work is presented a possible solution to these issues
with the formal description of the adaptation engines by using a notation
language that is independent of the particular implementation of the mobile
content adaptation mechanism in hand. This solution involves the implementation
of an adaptation approach based on the adoption of the IMS-LD Specification
(IMS-LD, 2003). A specification that has been adopted by learning design
researchers as a possible notation language for describing learning designs and
which has not been exploited so far for considering the particularities of context-
aware mobile content adaptation processes. This specification follows a machine
readable format and it let addresses educational content-based adaptations in the
form of rules.

Summarizing the solutions for this issue, in this research work it is presented:

i) an adaptation approach for designing context-aware adaptive educational
scenarios which utilizes IMS-LD as the enabling specification for describing
an adaptation engine (in the form of adaptation rules). This outcome was
published firstly in (Gomez et al., 2009a) and then refined and published in
a journal (Gémez & Fabregat, 2012);
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i) a subsequent process which utilizes a mobile educational content
adaptation mechanism for packaging and delivering context-aware
education scenarios based on a content transcoding process which can be
integrated to Learning Design authoring tools or Learning Design packages
repositories. This outcome was published in (Gémez & Fabregat, 2010);
and

iii) a set of design requirements for tools that enable authoring and delivering
of context-aware Learning Designs with mobile content adaptation
features, that was published firstly in a peer-reviewed international
conference (Zervas et al., 2011) and then refined and published in a book
chapter (Zervas et al., 2012).

Addressing O3: Even though describing a new TeL educational scenario may not
be seen as a new research achievement in this thesis, this exercise let
demonstrate how pedagogical theories, teaching/learning strategies, educational
content, immersion of new technologies, among other educational elements, can
be combined and merged so as to support how knowledge, skills and attitudes
can be acquired by learners, and this, nevertheless can be seen as an outcome
of a complex task called learning design. Saying this, the author of this thesis in
company with a teacher of the Official Language School (“EOI” in Spanish
language) at Girona, Spain, produce two exemplary context-aware mobile
educational scenarios so as to explain and present two new achievements: a)
how traditional pedagogical models which have relevancy on a constructive
(individual and social) and situated perspective can be considered so as to
describe how learning process can be taken for contextual and m-learning, and b)
how possible adaptations of learning materials (learning activities, resources,
tools and services) that are realized based on learner’s contextual information
can be incorporated. One of these two educational scenarios was published in
(Gbmez et al., 2012) and the other in (Gémez et al., 2013a).

Addressing O4: Finally, aiming to address delivering pedagogical-enhanced and
structured adaptive and context-aware educational scenarios via mobile devices,
a mobile delivery system, namely Units of Learning mobile Player (UoLmP), is
presented. This system supports adaptive delivery of educational activities,
learning resources, mobile tools and communication services (considered within
the structure of a Learning Design) to the learners’ device at hand by processing
captured contextual information. The system and its functionalities were firstly
introduced and published in (Gomez et al., 2012). Then, it was firstly evaluated in
a case study and published in (Gémez et al., 2013a). Finally, its architecture was
further explained and the description of the evaluation was extended and
submitted to a journal (Gémez et al., 2013b).

Through this achievement the author of this thesis addresses the issue of
needed tools that process learners’ contextual information and deliver adaptive
educational scenarios via mobile devices. Moreover, by achieving this he
provides a solution for a m-learning research challenge, that is, taking into
account other aspects not yet considered in context-aware m-learning systems
development such as parsing defined learning paths designed by a learning
design author (based on a notation language) and defining and capturing different
instances for contextual elements (which normally are changing variables with
different values) accordingly to a learning designer’s plan and learner’s situation.
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As a relevant part of the followed research methodology, validation of the context-
aware adaptation approach for designing and delivering adaptive educational scenarios
and the mobile delivery system (i.e. UoLmP) is also described and presented in this
document. Gathered experiences with the context-aware and mobile adaptation approach
for packaging and delivering adaptive educational scenarios (more specifically the
adaptation of the content that populates educational scenarios) was evaluated and
published in a journal (Gomez & Fabregat, 2012). Additionally, a case study was held for
the evaluation of delivering adaptive educational scenarios through UoLmP in the EOI
(the Official Language School at Girona, Spain) with participating students enrolled in an
intermediate English level course. Described results show the effectiveness of the
adaptation approach in run-time and the usability and acceptance of UoLmP. Besides,
the results show the support of the mobile system to enhance students' attitude heading
the use of mobile technologies for learning. These results were introduced and published
in (Gémez et al., 2013a), and further descriptions and discussions of the evaluation were
submitted to a journal (Gémez et al., 2013b).

1.6 Structure of this document

Overall, this thesis presents a solution to the implementation of the learning design
considering a context-aware and adaptive m-learning design and delivery, as well as it
attempts to take stock of the details developments in the field of m-learning, to describe
learning design issues for context-aware educational scenarios construction and to
explain some adaptation developments for context-aware m-learning systems for context-
aware educational scenarios delivery.

The structure of this document consists of eigth chapters and a set of appendices,
described as follows:

1.6.1 Chapter 1: Introduction and Outline of the Thesis

This chapter starts off in the Introduction with an overview of the motivation of the author
of this thesis and the problem definition from the key issues discussed throughout the
thesis that involves implementation of learning design for context-aware and adaptive m-
learning. Then, this overview is followed by the presentation of general formulated
research questions and the defined objectives to achieve along the research work,
accompanied with the proposal that support target achievements. Finally, the research
methodology based on an engineering research is presented, as well as the
achievements description obtained from the work done along the three years that this
work lasted.

1.6.2 Chapter 2: Designing for M-learning

Chapter 2 begins with an overview of the work done in the Information phase (from the
followed engineering research methodology). In particular, the description and
explanations of the theoretical background related with the definitions, expansion and
opportunities of m-learning. Moreover, it is presented the definition of context, and what it
means for an m-learning system to be aware of context, as well as it is introduced the
process of modeling the context so as to achieve a context-aware system. Besides, It is
introduced the foundations of instructional/learning design and further description of
related aspects (i.e. issues about its implementation) so as it can be implemented for m-
learning scenarios.
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1.6.3 Chapter 3: Context-aware Adaptivity in Heterogeneous M-Learning
Environments

Afterwards, Chapter 3 goes into aspects of adaptivity by explaining first, main issues to
take into account to achieve an adaptive m-learning design and delivery. Then, two
scopes for adaptation are presented, namely educational content adaptation and context-
aware educational scenarios adaptation. In each scope, some mechanisms and methods
of adaptation are described.

1.6.4 Chapter 4: Proposal for Designing and Delivering Context-Aware
Adaptive M-Learning

This chapter addresses the activities defined in the definition phase of the followed
engineering research methodology. Moreover, this chapter presents details of the
proposal made in this research work so as to achieve the defined objectives and to
attempt answering formulated research questions.

1.6.5 Chapter 5: Designing Context-Aware and Adaptive Educational
Scenarios for M-Learning (Design-Time)

This chapter along with Chapter 6 addresses the activities defined in the implementation
phase of the followed engineering research methodology. Chapter 5 emphasizes on the
implementation by focusing on one of the two approaches that involve implementation of
the learning design process, namely: the design approach.

The implementation for the design approach is presented as follows: i) the context
model is described, ii) an adaptation process to achieve authoring context-aware and
adaptive educational scenarios is explained phase by phase, and iii) some testing made
of the implementation is described.

1.6.6 Chapter 6: Delivering Context-Aware and Adaptive Mobile Educational
Scenarios (Run-Time)

On the other hand, Chapter 6 emphasizes on the implementation by focusing on the
delivery approach which involve implementation of the delivery of the learning design
process.

The implementation for the delivery approach is presented in this chapter as follows: i)
an introduction to the mobile delivery system, namely UoLmP is described, i) an
adaptation process, undertaken by UoLmP, to achieve delivering context-aware and
adaptive educational scenarios is explained phase by phase, and iii) an usability study
made for UoLmP and its results are described.

1.6.7 Chapter 7: Evaluation in a Language Learning Center

Chapter 7 addresses the activities defined in the validation phase. More precisely, in this
chapter definition and deployment of a case of study to evaluate the validity of the
developed solution is presented. The validation consisted in the deployment and later
study of experiences with an authored context-aware adaptive educational scenario
jointly with the approach for delivering through the mobile delivery system.

1.6.8 Chapter 8: Conclusions and Future Work
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Finally, in this chapter general discussion and conclusions of the research work
presented in this thesis is presented. Basically, some conclusions are drawn, general
results are reviewed and some limitations are addressed. As a final point, future research
work is proposed.

1.6.9 Appendices

A set of four appendices are presented so as to support further details and explanations
made in the other parts of this thesis. The appendices are: i) Taxonomy of contextual
elements for m-learning design, ii) Learning design of an adaptive context-aware
educational scenario based on the project based learning pedagogical model, iii)
Learning design of an adaptive context-aware educational scenario based on the
experiential learning pedagogical model, and iv) Questionnaire for the evaluation of the
experience with a context-aware and adaptive mobile educational scenario and UoLmP.
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This chapter presents an overview of the relevant contributions regarding theoretical and
technological concepts. In particular, the description and explanations of the theoretical
background related with the definitions, expansion and opportunities of m-learning. It also
presents relevant contributions about context definition in the education sector and what it
means for an m-learning system to be aware of context, as well as it is introduced the
process of modeling the context so as to achieve a context-aware system.

Consecutively it introduces theoretical concepts and foundations of the
instructional/learning design process, which is pillar of this thesis, as well as further
description of related aspects (i.e. issues about its implementation) so as it can be
implemented for m-learning scenarios.

Finally, this chapter presents the most important contributions regarding the key
challenges of designing the learning process in mobile contexts, as well as the relevancy
that traditional pedagogical approaches are bringing to achieve the design of context-
aware m-learning.

2.1 Mobile learning (m-learning)

Different traditional learning activities can be categorized as m-learning including: the
development of individual and group work as homework, reading books in different
places, doing field trips, visiting museums, and other activities that have been conducted
over the years and have been provided the opportunity for learners to acquire knowledge
outside of a classroom. All these types of activities, where learning occurs outside a
formal classroom, can be framed in the concept of m-learning, however, there still exists
a lack of clarity about what best be understood by the m-learning term with regards to the
benefits that mobile and wireless technologies can bring to education.

Additionally, there are some other aspects of m-learning that get the attention of the
author of this thesis with regards to how it can be designed and implemented considering
aspects of the learner’s context. These aspects are relevant so as to help explaining the
foundations and ground ideas of this dissertation. The aim of this section is to point out
the fundamental concepts about m-learning at the basis of the research work presented
in this thesis and to introduce the main key related subjects in literature, which are
involved in such work.
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2.1.1 Definitional Basis

As Pachler, Bachmair & Cook stated: “the basic principles informing work on m-learning
are by no means new ‘learning’ in general, as well as its mediation by and through
technology, is much written about field and it can hardly be claimed that the concept of
‘mobility’ has not been a concern of researchers, scholars and education practitioners for
a long time” (Pachler, Bachmair & Cook, 2010).

M-learning is new in particular related to the i) capability of the mobile and wireless
technology (i.e. the convergence of services and functions into a single device), ii) the
emerging nomadicity needs that people are having while they are moving and normally
carrying everyday tasks to any place, as well as ii)) the ubiquity and abundance of
information that can be accessed from any place (Kukulska-Hulme & Traxler, 2005).

According to this, definitions of m-learning in the literature are manifold but they tend
to revolve around the mobility of the technology, the mobility of the learner and the
increasing mobility of information.

One of the earliest definitions of m-learning was published by the year 2000 by Clark
Quinn. He said that m-learning is “the intersection of mobile computing and e-learning:
accessible resources wherever you are, strong search capabilities, rich interaction,
powerful support for effective learning, and performance-based assessment ... e-learning
independent of location, time and space.” (Quinn, 2000)

With this first definition, researches could identify most of the elements that
characterizes m-learning, and besides give their contributions to define m-learning as it
was becoming a phenomena with new trends and practices in education, bearing in mind,
the “mobility” aspect of participating elements.

According to (Shotsberger & Vetter, 2000), “m-learning is a paradigm shift in teaching
approaches based on the use of wireless internet connections and mobile devices such
as laptops, mobile phones, smart phones, personal digital assistants (PDA), among
others. The paradigm shift occurs due to the important features presented by these
devices such as portability, immediacy, individuality, and accessibility”. (Kinshuk et al.
2003) propose a definition for m-learning as: “the ability of using handheld devices to
access learning resources”. Another definition for this term was given in (Dye, K’Odingo &
Solstad, 2006) which defines it as "learning that can take place anytime, anywhere with
the help of a mobile computer device. The device must be capable of presenting learning
content and providing wireless two-way communication between teacher(s) and
student(s)". In practical terms m-learning was defined in (Park, Baek & Gibson, 2008) as
“a form of learning delivered through mobile devices such as mobile phones, PDA, smart
phones, tablet PC and similar devices combined with e-learning content”. Moreover, from
a pedagogical perspective Mike Sharples (Sharples et al., 2008), one of the earliest
pioneers of m-learning, conceive m-learning as “a process of coming to know through
conversations across multiple contexts amongst people and personal interactive
technologies”.

These published definitions and some others have been emerging as m-learning is
still evolving. According to Jhon Traxler (another pioneer of m-learning) in (Traxler, 2007),
existing definitions of m-learning have been proposed in terms of devices and
technologies, mobility of students, learning mobility and some others in terms of learning
experiences of students using mobile devices. Further remaining discussions about
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definitions for m-learning were also taken by Traxler in (Traxler, 2009). Thus, the
definition of m-learning is still an open issue.

However, there certainly exist some characteristics, beyond integrating mobile
technologies in learning, which have grounded the definitions for m-learning so as to
understand participating and interacting elements. In (Chen et al. 2002; Curtis et al. 2002;
Sharples, Taylor & Vavoula, 2005; Ogata & Hui, 2008) a set of characteristics (grouped in
this work) is presented and they can be seen as support to identify and understand the
elements that are involved in m-learning:

e Immediacy and Ubiquity: Wherever learners are, they can find information
immediately. Thus, learners can solve problems quickly.

e Interactivity: Learners can interact with experts, teachers, peers or people around
in the form of synchronous or asynchronous communication. Moreover, they can
interact with surrounding technologies and systems.

e Sijtuational: Learning can be embedded in the daily life. The problems
encountered and the knowledge required is all presented in their natural and
authentic forms. This helps learners notice the features of problem situations that
make particular actions relevant.

e Contextual: Context is constructed by learners through interaction.

e Collaborative: Mobile devices can help people learn together. The boundaries
and restrictions are reduced in a collaborative learning environment, thus
enhancing the overall learning process.

e Accessibility: Learners have access to multiple content types (web content,
documents, videos, audios, images, etc.) from anywhere. That information is
provided based on their requests. Therefore, the learning involved can be self-
directed and self-regulated.

e Simplicity and pleasurability: M-learning can provide a paperless, movable and
interactive learning environment. Simplicity is also the key to more effective
learning, because unnecessary and complicated procedures are reduced, and
more time is spent on the learning itself.

e Ownership: Raises deep ethical issues of privacy and ownership.

Despite the lack of clarity in the m-leraning concept and the common characteristics
that researchers have remarked, in the context of this research work the author remarks
that m-learning phenomenon involves three main elements: assistance by mobile
technology, involves facts and effects of learners’ mobility and considers mobility of
information (see Figure 2-1). All of them immersed and participating in real contexts in
which they can merge by interactions.
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«ext Context

Involves facts and
effects of learners
mobility

Figure 2—1 M-learning in context

Thereby, m-learning is not only about the size of a device or, for instance the mobile
technology used for learning. Rather, m-learning takes into account the personal and
ubiquitous assistance, the ownership and private use, and the diversity of mobile
technology, which can be used for educational purposes. Besides, m-learning has been
characterized by considering learners’ mobility, i.e. m-learning compared to other types of
learning activity, differences from the fact that learners are continually on the move, i.e.
they are moving from topic to topic and learning across space and time, as well as from
the effects of their mobility assuming that they are receiving the support of interactions
with communities of people and available resources in context. Finally, m-learning
considers the synchronous and asynchronous opportunities to interact with available
information, i.e. in m-learning, interaction with information do not present barriers of time
and space, although m-learning might be started by learners’ initiative and interest in
exploiting available information anytime, anywhere as they initiate their activities to
achieve educational outcomes.

Shortly, in next sections the author immerse in an m-learning benefiting from
information of the learner’s context and this, as it will be explained, has profound
implications for learning design, a topic that is discussed in next sections and chapters.

2.1.2 Expansion

The continuous increase in the range of mobile, wireless and interconnected technologies
in learner's context allows education to be digitally linked to the learners’ experiences
across with and between multiple locations and learning situations.

In this section the author attempts to delineate the affordances that aforementioned
elements in previous section have been providing to this link and the evolution of m-
learning. As outlined by Sharples (2006) and further explained with detailed research
projects examples by Pachler (2010), m-learning has been characterized by three
phases: i) focus on mobile devices, ii) learning outside the classroom and iii) mobility of
the learner and information.

Focus on mobile devices

The beginnings of widespread experimentation with mobile devices for learning
happened from the mid 1990s. This phase is characterized by a focus on what devices, in
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particular PDA, tablets, laptops and feature phones, among others, can be used for in an
educational context for instruction and learning. Some examples of the use of these
mobile devices in formal education settings includes accessing rich-media m-learning
objects placed in the phone’s memory, students evaluating m-learning objects about
different topics, pre-installed guides to scaffold m-learning, mobile office tools provision to
staff and teachers so as to support management work and teaching respectively, among
others.

In the development of this research work analysis of characteristics and capabilities of
different mobile devices were taken into account so as to establish the basis for content
adaptation considering the learners’ device. This analysis is explained with more details
in chapter 5. Nowadays, the diversity of mobile devices is quite wide due to the mobile
and wireless technologies progress and also of the popularity they have in the market.
Here, general properties of the different types/groups of existing mobile devices are
described. Table 2-1 shows this description.

Table2-1  Types of mobile devices

Mobile feature phones

They feature a microphone, a speaker, LCD or plasma display, keypad,
antenna, battery, etc. They count with incorporated features such as
phone book, internet access, games, calendar, short message service
(SMS), camera, email and bluetooth connection.

Personal Digital Assistants (PDA)

They are personal assistants and have built-in a calendar, notepad,
phonebook, internet connection, email client, among other applications. It
has a touch screen and a stylus for data input (no keyboard). Moreover,
they have integrated an operating system (which makes the difference
between existing brands; Palm, Pocket PC, etc.), processor, and storing
memory. These devices can operate as fax, global positioning systems
(GPS), among other functionalities. Generally, they are less preferred than
mobile phones between users, as there are some new advances in the
mobile industry. However, there are situations in which their large screens
and flexible software options make them the preferred digital device for m-
learning.

Smartphones

They are high-end mobile phones joint with the properties of a personal
digital assistant (PDA). They let installing software applications, increasing
data processing and connectivity. Some of them come with touch screens
and a higher level of access security. Common brands of this type of
devices are Samsung Galaxy, Blackberry, iPhone, HTC and Nokia N900.
Some of the features that they include are: SMS, Multimedia Messaging
Service (MMS), app installation, internet access, GPS, bluetooth, email,
wireless, rich-media content playback, etc.

Tablets and Ultra mobile PC

They are hardware/software hybrids between a laptop and a PDA. They
are larger than a smartphone or PDA. They have integrated an operating
system, processor, and storing memory. They lack of keyboard and
mouse, although this hardware can be incorporated. The screen is
touchable (like some PDA). Users can write and work directly on the
screen. Moreover, some of them have inbuilt features like: GPS,
accelerometer (a device that detects the physical movements of the
tablet), wireless connectivity, storage drives similar to laptops, among
others.
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Portable digital media players

Its main feature is the reproduction of digital media such as images, audios
and videos. Some of these devices offer other features such as storage
memory, color display and recording.

Handheld gaming consoles

They are devices mainly used for playing games. However, nowadays
these devices offer in-built features such as wireless connectivity, internet
access, playback of digital media (images, audio, video), among others,
making them attractive for practical learning activities.

Since first phase of m-learning expansion, practices of m-learning in education has
been focused only on using tools in traditional learning settings rather than on delivering
learning experiences considering situations where learner’s real-life contexts and settings
different from formal learning can be exploited. At the latter years of this phase, these
handheld and portable devices started combining tools and services that can be
accessed anytime and anywhere, and because of this advantage researchers had tried to
integrate them into learners’ daily activities.

Learning outside the classroom

A characteristic of m-learning in early 2000s, was the focus on learning outside the
classroom. Researchers’ interest relied on highlight the benefits that mobile technologies
may bring to meaning-making for a person in situations outside institutionally framed
educational contexts. This second phase includes field trips, museum visits, and personal
learning organizers among others educational activities that involve the learner
participating in the knowledge construction process outside the classroom.

Learning activities on this phase focused on shifting from traditional learning with
handheld devices towards supporting the learners by the use of tools and services (built-
in functionalities in mobile devices such as SMS, media players, calendar, etc.) and by
the deployment of location aware systems that that can be used in different learning
settings.

M-learning not only was focusing on providing tools to learners but to provide
information and guidance support depending on the users’ location. During those years
this converged functionality starts to be integrated within the mobile communications
industry by building a new spectrum of mobile devices and smartphones which has led to
their extensive use for learning outside the classroom.

Moreover, learning outside the classroom phase starts a new way of thinking beyond
the box with regards that education starts to be profiting by supportive learning activities
that can be undertaken in different places. Researchers started focusing on providing
well-structured directions of how learning, benefiting from the mobility characteristic of
technologies and learners, can be designed and delivered. Supporting the use of
technology in learners’ own pace and letting them to organize their self-directed learning
by using their mobile devices, started to be a promising characteristic for m-learning.
From those past years learners started to be provided and encouraged to use their
mobile devices in a competent way which was leading meaning-making, knowledge
construction and learning skills and attitudes development to go beyond the formal
settings in situations outside institutionally framed educational contexts.
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Since then, the focus on mobility of the technology, learner and information for m-
learning design and delivery was coming to the fore. Thereafter, in next years this focus
started an emerging interest on learning being aware of the learner’s context. Thus, this
focus was representing a research challenge regarding on how to define optimal ways to
deliver suited educational materials and to personalize them to different roles (e.g.
learners, apprentices, teachers, instructors, etc.), main actors of learning and instruction
processes, according to their situations. This challenge, yet open, also became of the
interest of the work presented in this thesis.

Mobility of the learner and information

Finally, by mid 2000s, research initiatives start focusing on the “mobility of the learner”
merged with the “mobility of information” and involving the design or the appropriation of
learning spaces and on context-aware informal learning and lifelong learning. In this last
phase, affordances of emerging technology, surrounding resources and available
information in context, to the learner’s situation can be distinguished. Some examples of
the incorporated technologies in this phase includes devices with embedded
identification, detection, sensing and location technologies, such as RFID readers,
accelerometer, digital compass, gyroscope, GPS, microphone, camera, infrared,
bluetooth, QR-Code readers, among others (Bravo, Hervas & Chavira, 2005; Chu & Liu,
2007; Naismith & Smith, 2006; Rouillard & Laroussi, 2008; Lane et al. 2010).

This phase is characterized by research efforts on attempting to augment learners
meaning-making by enabling them to participate in media-rich environments rather than
view the learner as consumer of content. Learners are enabled to construct content and
place it in context using mobile devices where other learners can access to it (FitzGerald,
2012). Moreover, this phase is also characterized by immersion of technological tools in
real-life that can be used to augment user activity in context (i.e. augmented learning)
(Price & Rogers, 2004). According to this phase, knowledge can be constructed around
the specifics of a place and learning trails can be developed to foster meaning-making
across and between multiple contexts. Therefore, learners are enabled to engage in
knowledge construction through interactive practice with entities (e.g. people, objects,
systems, etc.) in context (Dourish, 2004). Thus, learning based on interactions in context
started focusing on what intervention is appropriate and can provide relevant tools and
services to aid learning in real-life situations (Brown et al., 2010). In this case, context-
aware systems, therefore, may enable the delivery of appropriate learning content
regarding contextual information and facilitates delivering suitable learning activities, tools
and services through the mobile devices relevant to the learner’s lived context.

Since the beginnings of third phase of m-learning, a new research trend has been
emerging which focus rely on delivering personalized and adapted learning experiences
to learners regarding: the mobile device from which they are interacting with (i.e. focusing
on mobile devices), their individual mobility needs and preferences in learning situations
different from a traditional classroom (i.e. learning outside the classroom), and the
surrounding resources (people, ambient technologies, physical objects, etc.) that may
affect the interaction between learners with anytime-anywhere available information (i.e.
mobility of the learner and information).

While m-learning is a growing research area, aspects of adaptivity and personalization
are becoming more and more important and they are playing an important role towards
providing learners with adaptive and personalized learning experiences delivered via
mobile devices. Thereafter, there is a research challenge and need to build and achieve
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context-aware adaptation approaches for the learning design process as well as mobile
systems for processing learners’ contextual information and delivering adaptive
educational scenarios via personal interactive technologies. These aspects are presented
and discussed along the next chapters of this thesis.

2.1.3 Opportunities

According to Kukulska-Hulme & Traxler (2007) new technical and situated learning
opportunities can change what is considered effective in pedagogic design. There is
much interest in the possibility that mobile and wireless technologies can support greater
choice in how learners engage with learning activities, and that this might enable more
flexible approaches to learning design.

Along the expansion phases aforementioned, m-learning has been characterized by
trials in which different educational scenarios have been benefiting from the affordances
of mobile technologies in a variety of learning contexts. Thanks to those research studies,
researchers have been proposing different key opportunities in m-learning for the present
and forecoming years (Mobile Learning infoKit, 2011; Pandit, Lebraud & Seetharaman,
2012), which summarize design arguments stated by UNESCO in the debate about how
to design enhanced learning experiences for m-learning (UNESCO, 2012). Here, it is
presented three identified opportunities in common on those related works, which
encompass the interests in this research work on how learning design can be
implemented for context-aware and adaptive m-learning.

1) Opportunityl: Encourage ‘anywhere, anytime’ learning. Mobile devices allow
students to gather, access, and process information outside the classroom. They
can encourage learning in a real-world context, and help bridge school, afterschool,
home and outdoor environments.

2) Opportunity2: Engage learners in context. Mobile devices have a very special role
in achieving a closer relationship between a physical location, the information it
offers and the learning that is enabled by the availability of the device and
surrounding resources (people, objects, ambient systems, etc.).

3) Opportunity3: Enable an informal, situated, personalized learning experience. Not
all learners are alike; instruction should be adaptable to individual and diverse
learners. There are significant opportunities for genuinely supporting differentiated,
autonomous, and individualized learning through mobile devices.

2.1.4 Context-awareness in m-learning

An important success factor for m-learning has been the pedagogically meaningful and
technically feasible process of learners’ contextual information. Technological
characteristics of the devices and other aspects regarding the learner’s situation such as
her/his location, temporal aspects for learning, the physical conditions of the learning
place, among others characteristics, have been considered as components of what can
be included in the "context" so as to develop context-aware systems. However, the formal
definition of context and what constituents are parts of it is still an open issue.

Context has diverse interdisciplinary interpretations. Yet, there are many points of
overlap between each discipline in particular where digital technology is a feature of
research (Luckin, 2010). One of the most well-received definitions by research
communities in the computer science discipline, was made by (Dey & Abowd, 2000) who
states that context is “any information that can be used to characterize the situation of an
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entity” understanding the term “entity” as anything relevant participating in the interaction
between an user and a system, such as a person, a place, or an object including the user
and the system. Accordingly, in TeL research communities the “context” involves the
information that characterizes a learners’ given situation.

Saying this, TeL researchers have stated that context is relevant to learning systems
and it can be complex and local to a learner. A promising conceptualization of context to
learning can be the one exposed by (Luckin & Clark, 2012) which declares that:

“Context is dynamic and associated with connections between people, things,
locations and events in a narrative that is driven by people’s intentionality and
motivations. Technology can help to make these connections in an operational sense.
People can help to make these connections have meaning for a learner. A learner is
not exposed to multiple contexts, but rather has a single context that is their lived
experience of the world”

Context can be considered in learning to understand the relations among learners,
people, artifacts, locations and events, and more specifically, to comprehend how
learners interact with other people, artifacts and location that surrounds them in order to
construct knowledge. Context concept to learning is all about learners’ interactions and
how technology, surrounding resources and information may support those interactions in
order to enhance learning process.

Additionally, within the scope of this dissertation the term "context-aware" is used and
it denotes the intrinsic properties of a model/design/system that is “aware” and considers
the characteristics of the context as part of an input retrieved by a delivery end. Context-
awareness involves gathering information from the environment to provide a measure of
what is currently going on around the user and the device. In mobile and ubiquitous
computing, this term is commonly used to indicate the actors, technologies, and any other
element participating in the interaction between a user and a system so as to deliver
valuable information in different situations. For example, the work in (Christopoulou,
2008) emphasizes the necessity of the context and its relevance to mobile applications
development. Moreover, it argues that context for mobile applications can be used not
only to provide users with tailored information regarding user’s location, but it is useful
also to support the selection of appropriate techniques by a system to provide users with
useful tools.

Briefly, the work presented in (Dey & Abowd, 2000) remarks that a system can be
considered "context-aware" if it uses the context to provide relevant information and/or
tools and/or services to users, where relevancy depends on the user's task. Thereafter,
this feature can also be referred to the design of system architectures considering
services-based communications, connections and human-computer interaction
technologies, as well as the development of new applications in which interaction, not
only be one-target but also considering the surrounding elements of that target in the
environment.

Context-awareness can be seen to offer great potential with respect to new ways of
meaning-making that extend beyond the classroom. Context-awareness will be a key
area for m-learning in the oncoming years because it is moving beyond content delivering
in place and it is getting involved with issues surrounding how information from context
can be retrieved, stored, represented so as to support tools and services be delivered in
optimal ways.
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2.1.5 Modeling the context

Bearing in mind the existing heterogeneous features of what can be used to describe the
learners’ context and that can be used to differentiate their learning situation, some
research efforts have been focused on the importance of modeling contextual information
in order to define and design how contextual data can be stored in a readable format so
as to be processed by a system (Baldauf, Dustdar & Rosenberg 2007).

In the field of TeL, there have been a number of attempts to model the context so as
to describe the elements that could participate in learner’s interaction with learning
systems (Schmidt, 2005, Derntl & Hummel, 2005).

Related work have proposed different context modeling strategies. In (Strang &
Linnhoff-Popien, 2004) for example, different context modeling techniques are presented
as a survey on context modeling, to demonstrate some solutions and projects which build
data structures allowing context information to be represented and exchanged in
systems. According to Strang & Linnhoff-Popien (2004), there are models based on
attribute-value tuples which represent the simplest data structure for modeling. Also,
there are models based on labeling schemes which use a hierarchical data structure that
consists of tags with attributes and content. Other modeling technique is based on
graphical data structures such as the Unified Modeling Language (UML), and there are
also object-oriented models that focus on the use of object-oriented techniques to
optimize the encapsulation, reusability, and inheritance. Other models are based on logic
which has a high degree of formality to represent data structures in expressions and
rules. Moreover, there are models based on ontologies that let represent a description of
the concepts and the relationships between concepts. According to Christopoulou (2008)
this latter approach of modeling has been one of the most used tools that highlight the
benefits of using ontologies as a tool to model information due to the high level of
expression and opportunities of applying reasoning techniques based on them. For
example, in (Berri, Benlamri & Atif, 2006) and (Siadaty et al., 2008) ontologies are used
to represent information of the context in order to build mobile applications and to define
which information can be captured in m-learning environments respectively.

The context has a meaning when is considered and used to provide what the learners
need in different situations (i.e. relevant information or enabled tools and services to
assist and support the learning process).

According to this, contextual information can be integrated to propose new scenarios
of learning, thus, the author of this thesis focused on the learning design process as the
basis to model the learner's contextual information and proposed to integrate and
represent context-related data in that process in a notation language that support context
representation in a readable format so as it can be processed by the developed mobile
system in this research work. In chapter 5 heterogeneity of learner's contextual
information was narrowed to a set of contextual elements that jointly together made part
of a context model for designing and delivery context-aware and adaptive m-learning
educational scenarios.

2.2 Learning design

“Learning or Instructional design is the process of translating general principles of
learning and instruction into plans for educational materials delivery” (McNeil, 2007). In
other words, learning design refers to the process of creating and delivering well-
structured and procedural educational scenarios to learners, which in most of the cases,
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is based on a pedagogical model. However, sometimes it is very common to be confused
on the use of term “learning design” because in some cases it refers to the specification
adopted by the IMS Global Learning Consortium as the framework to create (authoring),
package and deliver learning courses. For the purpose of this dissertation, the
educational scenarios creation and delivering process will be called “learning design” (in
lowercase), and the specification will be referred as Learning Design (with capital letters)
or IMS-LD.

During the last decade, the concept of ‘designing for learning’ in connection with TelL
has been the focus of several research communities. Nevertheless, despite its relatively
recent appearance in connection with computer-oriented learning, this concept is far from
being a new idea. In traditional face-to-face settings, many instructors may consciously
and reflectively engage in the process of learning design in this general sense as part of
everyday lesson planning, whilst other teachers or lecturers may never have given it
much thought, but nonetheless make subconscious learning design decisions every time
they prepare a teaching session.

Learning design is mainly characterized by three central ideas (Britain, 2004), namely:

1) People learn better when actively involved in doing something (i.e. are engaged
in a learning activity).

2) Learning activities may be sequenced or otherwise structured carefully and
deliberately in a learning workflow to promote more effective learning.

3) It would be useful to be able to record “learning designs” for sharing and re-use in
the future.

2.2.1 Engagement in learning activities

Learning is an active process of knowledge construction and meaning-making that
humans perform quite naturally, however, not all learners are equally capable and
competent of effective learning on their own. Indeed, learning process is accompanied by
the immersion of learners through different activities, which can be understood as the
engaged-in means for the purpose of acquiring certain skills, concepts, or knowledge and
besides these activities can whether be guided by an instructor or not.

Commonly, most learners if not all, benefit from some level of guidance and support.
Successful instruction involves a variety of strategies and techniques for engaging and
motivating learners over and above merely presenting them with well-designed learning
materials (Gagne et al., 2005). There are a number of pedagogical techniques that focus
on providing activities for learners to perform either in groups or as individuals that help to
create deeper and more effective learning.

During the last years a challenge within TeL has been to focus on quite a narrow set
of learning activities that can be easily managed within a computer-oriented learning
system: “read this content”, “watch this video with instructions”, “do this multi-choice quiz”,
etc. Part of the aim of learning design is to help broaden the set of activities that are

used to support learning in a TeL context.

2.2.2 Structure of learning activities in a workflow

Activity-based learning needs a well organized sequence of activities (aka. a learning
flow) to produce learning. A second feature of successful instruction is not just the
creation of thoughtful and engaging activities for students to undertake, but also giving
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thought to the sequential order and timing of the various activities and the presentation of
the resources and tools needed to support them.

This orchestration may form a simple sequential flow, and in most cases it will, but
there may sometimes be call for a learning design that involves branching of workflow
into parallel activities undertaken by sub-groups before coming back together (Sharpe &
Oliver, 2007). Or a design may be constructed that allows different routes to be taken
based on achievement at a testing stage within a sequence. Thus a second key aspect of
tools to support the concept of learning design will be the notion of workflow.

From the instructor's perspective there are two main advantages associated with
consciously thinking about the process of designing learning activities (Luis de-la-Fuente-
Valentin, 2011). The first is that it provides a framework for instructors/teachers to reflect
in a deeper and more creative way about how they design and structure activities for
different learners or groups of learners and the second is that designs that prove to be
effective may then be communicated and shared between teachers or archived for re-use
on future occasions.

2.2.3 Sharing and re-using learning designs

The last idea related to the learning design is to find optimal ways of sharing and re-using
created and structured learning flows (Oliver et al., 2007). Thus, instructional design
techniques have been used so as to deliver and provide learners with a created learning
design (Masterman & Vogel, 2007). Commonly optimal means to share educational
scenarios, structured in a learning workflow and represented in a learning design, include
face-to-face, computer-oriented and blended (a mixture between face-to-face and
technology-oriented learning).

Although, the face-to-face scenario allows the teacher to improvise a new activity in
case it is suggested by the circumstances, computer-oriented scenarios lack this
flexibility, and thus require a more thoughtful plan of activities.

The formalization of this plan of activities, so that the workflow can be replicated in a
compliant platform, is called a learning script. However there is a problem in that it is not
S0 easy to describe a given learning script in a consistent and transferable way that will
allow easy re-use (Koper, 2005). This is mainly caused by the complexity of representing
and delivering the educational elements that may be used in a learning workflow,
including: learning environments, learning activities, educational contents, supportive
tools and services, participating roles, immersion of new technologies, among other
educational elements that can be combined. Therefore, this learning script needs to be
described at a sufficient level of abstraction that it can be generalized beyond the single
teaching and learning context for which it is created, but not at such an abstract level that
the pedagogical value and richness is lost.

Consequently, this issue has been tackled by TelL researchers whom efforts focused
to produce a formal and interoperable way in which the learning scripts can be
represented as well as defining a computer readable format so as they can be delivered.
Thus, some specifications, which can be seen as learning design frameworks, have been
created facilitating the process of learning design and delivery. Next sections are devoted
to explore the details of two of the most used specifications for computer-based and
blended learning, namely IMS Learning Design (IMS-LD, 2003) and SCORM (SCORM,
2004), with special emphasis on the affordances and constraints of the case of IMS
Learning Design which was used in this research work.
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2.3 Learning design specifications

The learning design process and delivery of an educational experience is the result of a
complex process that involves several tasks. First, the authors of the learning design
choose a pedagogical method, elaborate the proper content and make decisions about
supportive resources and tools. Then, all these materials are then allocated in a
repository so that it can be accessed by learners. Finally, teachers and learners get
involved in the course and they start interacting among themselves and with the course
contents, resources and tools. This is a costly process, whose elaboration effort is worth
to be reused several times and therefore, that's a mainly reason why the need of a
framework that promotes reusability of educational scenarios.

There are some international organizations responsible for the definition of standards
and specifications for computer-mediated learning such as the IMS Global Learning
Consortium (IMS-GLC), IEEE (IEEE), ADL (ADL), among others, which have created
guidelines to consider: construction of educational content, storing students' data about
their personal characteristics, defining competencies, generating assessment structures
and development of instructional designs, that, in short, are relevant educational
elements involved in the teaching and learning processes.

The work published in (Anido, 2006) presents a widely description and analysis of
some freeware standards and specifications that have been developed for using in e-
learning environments.

According to (Masie, 2003) the importance of the construction, deployment and use of
standards and specifications rely on ensuring the following:

¢ Interoperability, to allow sharing of content from multiple sources so as to be used
in different systems.

¢ Reusability, to group, ungroup and reuse content in different environments from
that one to which it was initially designed for.

¢ Manageability, to allow a system to obtain and complete a scan of the information
gathered from the interaction between a user and the system.

e Accessibility, to allow a user to access appropriate content at the right time and
from the own device.

¢ Durability, to allow content to be accessible and interoperable over time.

e Scalability, to allow new technologies to be configured so as to read new releases
of a specification according to new additions in content or refining.

The main aim of this section is to describe two existing available and widely-used
specifications by research communities to model the learning design, namely SCORM
and IMS Learning Design; and possibly to argue that IMS Learning Design presents a
possible realization of the concept of learning design for context-aware and adaptive m-
learning.

2.3.1 SCORM

Shareable Content Object Reference Model (SCORM) (SCORM, 2004) is a framework of
the Advanced Distributed Learning Initiative (ADL), which comes out of the Office of the
United States Secretary of Defense. More than being a unique and exclusive
specification to model the learning design process, SCORM is a reference model (i.e.
descriptions of how existing technical specifications may be used together to achieve
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some aim) based on a collection of standards and specifications which aim is to describe
how learning content and the systems that manage that content can interoperate in a
standard way.

The reference model of SCORM includes a content aggregation model, a runtime
environment model and a sequencing and navigation model which allow designers to
describe and represent in a readable format some components of the learning design
process. The framework describes the creation, deployment and the behavior of
shareable content objects (SCO), which are individual, electronic units of learning that
may be combined to create a course of study. Moreover the framework defines
communications between client side content and a host system called the run-time
environment, which is commonly supported by a learning management system.

SCORM has been developed to accomplish four high level requirements that refer to
SCO directly and they aim that SCO should be durable, interoperable, accessible and
reusable.

e Durable: SCO are electronic resources that do not need to be updated or
modified as learning technology systems develop over time.

e Interoperable: SCO can be launched successfully in different learning
management systems.

e Accessible: SCO can be found when needed. The SCO have linked a description
or meta-data which facilitates discovery within and across content repositories.

e Reusable: SCO are developed once and can be used in many courses.

Technical description

The first version released of SCORM was on 2000 and it has progressed through a
number of releases since that version, with each release adding further maturity and
functionality. There are currently three main releases: SCORM 1.1, SCORM 1.2 and
SCORM 2004.

Every release of SCORM has been adding new functionalities to previous versions;
the last version of SCORM (SCORM, 2004) enables educational designers and
stakeholders to:

e Provide web-based training for individual learners. The approach is self-paced
and self-directed. The SCORM was originally designed to support personalized
instruction within the US Department of Defense, and implies a pedagogical
model closest to industrial and military training.

e Create individual, electronic learning designs that may be reused in different
courses.

e Package instructional material and meta-data for import/export between different
learning management systems.

e Track and store records of the progress of a learner moving through a unit of
learning.

e Adds support for sequencing and navigation. This enables to control the
conditions under which a SCO is selected and delivered, or skipped during
presentation to a learner. Although, last version of SCORM allows the creation of
conditional flows, sequencing is intended to be used by a single learner so it does
not allow the creation of collaborative activity flows.
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SCORM models

The SCORM works by describing the interface between a learning management system
and the content it uses. That is, the SCORM describes how learning content is created
and packaged for import into a learning management system, how content is selected by
the learning management system for presentation to a learner, and how the progress of a
learner can be tracked by the learning management system.

These three features map to the three SCORM models (described in books) as
follows:

e The Content Aggregation Model describes the process of creating, describing
and packaging SCO into a course structure. To achieve this, the model profiles
the IMS Content Packaging (IMS-CP, 2004) specification (explained in section
2.4). This means that most SCORM compliant learning management systems
also support non-SCORM versions of IMS Content Packaging.

e The Sequencing and Navigation model describes the controls for managing when
a SCO is selected or skipped during presentation to a learner. For this purpose,
the model profiles the IMS Simple Sequencing specification (IMS-SS, 2003).

e The Run Time Environment book outlines the process of launching a SCO from
within a learning management system and then tracking the learner’s activity with
the SCO. To achieve this, the book profiles two IEEE standards about learner
tracking information and SCO to learning management system communication.

Creating SCO begins with files called assets. Assets are digital media, such as text,
images, sound, assessment objects or any other data that can be rendered by a web
browser. Assets are assembled into SCO (see Figure 2-2). Describing assets and SCO is
achieved by adding meta-data. For that, the use of the IEEE Learning Object Meta-Data
standard is prescribed (IEEE-LOM, 2002).

assets ' SCOs

Figure 2—2 Representation of assets and SCO

Packaging SCO into a course structure is managed by a file called a package
manifest. To enable learners to navigate between SCO, a table of contents written into
the package manifest is typically exposed in the learning management system user
interface.

Sequencing rules and controls may also be added to the manifest at this stage if the
target learning management system is SCORM 2004 conformant. This sequencing
information describes paths through the collection of SCO included in the manifest and
declares the relative order in which the SCO are to be presented to a learner. This
sequencing information model describes the intended sequencing behavior that a user
will experience as they work with the SCO at run time.
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Run-time behavior is managed by the SCORM runtime environment. A key feature of
this environment is the ability of a SCO to communicate with a learning management
system. This feature is provided by a small piece of software provided by the learning
management system and named an APl Adapter. APl Adapters are provided by the
learning management system. When a learner requests a SCO, the SCO searches the
learning management system to find the APl Adapter. Once found, the SCO initiates
communication with the learning management system via the API Adapter. The
communication between the SCO and the learning management system is used to track
and store records of learner activity.

Limitations of SCORM

SCORM presents a set of limitations and weak points to bear in mind with regards to the
learning design concept:

e SCORM is exclusively oriented to instructional content design and delivery which
sets a boundary to content-oriented learning. This impedes designers to think in
the teaching/learning processes as a set of components involving the basis of a
pedagogical model and a learner-centered learning and activity-based instruction.

e The lack of pedagogical meta-model. SCORM have not taken pedagogy support
as one of their core issues in specification (Huang et al., 2006).

e SCORM is oriented to an individual learning process in which support activities,
guided tasks, and aided training are excluded. Monitored instruction is not within
SCORM objectives.

e Although, last version of SCORM allows the creation of conditional flows,
sequencing is intended to be used by a single learner so it does not allow the
creation of collaborative activity flows.

e Creation of SCORM objects, namely SCO, is not intuitive.

e The lack of a well bounded definition of the size and granularity learning objects
should have (Gonzalez-Barbone & Anido-Rifon, 2008).

2.3.2 IMS Learning Design

A common experience by authors (instructors, teachers, designers, tutors, etc.) with
learning design includes defining a set of learning activities as a procedural structure
identifying different objectives that learners have to achieve so as to acquire the
knowledge of a specific subject matter. Sometimes in this process authors combine other
kind of activities so as they can monitor and follow the learners’ learning process.
Moreover, some authors go deep inside in this process and define which learning tools
learners can use as support to complete the learning activities, as well as the
environments in which these tools and some other services can be applied. In the context
of Tel, learning design process have been benefiting by the existence of a variety of
technological possibilities to access, visualize and gather information, as well as new
environments definition for learning across different settings from the traditional ones.
During the past years this technologies emerging have been getting the attention of TeL
researchers so as to define and analyze new practices of learning design in which
affordances of new technologies for education can be identified.

In order to support the representation of all those innovative and diverse of author’s
pedagogical strategies in a common learning script and the study of new practices of
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learning design benefiting from technologies immersion, the IMS Global Learning
Consortium (IMS GLC) release the IMS Learning Design (IMS-LD, 2003) specification,
which is a framework that defines how authoring (design) and deployment (delivery) of
learning courses can be performed, as well as it promotes the exchange and
interoperability of learning designs and learning-oriented digital materials (resources,
tools, services, etc.).

Although IMS-LD itself is not the focus of this thesis but rather a given framework that
facilitates implementation of the learning design process, a basic understanding of the
specification will help to understand the challenges for the design of context-aware and
adaptive educational scenarios and an associated delivery implementation. In this
section, we summarize the technological description of the specification and a
compilation of the supporting software currently available in the market and in the
literature. The section finishes with an overview of the related literature which gives
details of its affordances for contextual and m-learning.

Technical description

The first version released of the Learning Design specification was on 2003 and it was
developed on the basis of Educational Modeling Language (Hermans et al., 2000),
originally designed in the Open University of Netherlands (Koper & Manderveld, 2004)
and following a set of requirements proposed by Koper (Koper, 2005) who states that
every learning practice has an underlying learning design, just as every building has an
underlying architecture. Koper's main aim was that the learning design can be applied
over and over again in similar and new situations of instructional and learning practices.
Moreover, Koper remarked that the learning design needs of using a formal notation for
such a learning practice, because of the lack of a formal, commonly understood notation
in education.

Koper set out the following requirements for a formal learning design notation derived
from theory, examples and patterns (Koper, 2005):

i) “The notation must be comprehensive. It must describe the teaching and learning
activities of a course in detail and include references to the learning objects and
services needed to perform the activities. This means describing:

e How the activities of both the learners and the staff roles are integrated.
e How learning resources (objects and services) are integrated.
¢ How both single and multiple user models of learning are supported.

ii) The notation must support mixed mode (blended learning) as well as pure online
learning.

i)  The notation must be sufficiently flexible to describe learning designs based on
all kinds of theories; it must avoid biasing designs towards any specific
pedagogical approach.

iv) The notation must be able to describe conditions within a learning design that can
be used to tailor the learning design to suit specific person or specific
circumstances.

v)  The notation must make it possible to identify, isolate, de-contextualize and
exchange useful part of learning design (e.g. a pattern) so as to stimulate their
reuse in other contexts.
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Vi) The notation must be standardized and in line with other standard notations.

vii)  The notation must provide a formal language for learning designs that can be
processed automatically.

viii) The specification must enable a learning design to be abstracted in such a way
that repeated execution, in different settings and with different persons, is
possible.”

The IMS-LD has been considered a de facto standard in the field of educational
modeling languages (Laforcade, 2010) and with it a generic and flexible notation
language for the description of educational scenarios is provided. Through IMS-LD
standard the learning design can be modeled, implemented and expressed in XML
structures. IMS-LD states that “regardless of the pedagogy involved, in practice every
learning design came down to: a Method prescribing various Activities for learner and
staff Roles in a certain order, and each Activity refers to a collection of specific Objects
and Services needed to perform those Activities” (IMS-LD, 2003).

The relation of these elements participating in an IMS-LD is depicted in Figure 2-3.
The standard describes this relation as the structure of a theater play (i.e. the IMS-LD
vocabulary is taken from a theatrical metaphor). Thus, the learning flow of an educational
scenario is then like a theatrical play, in which one or more acts are delivered and played
in a linear sequence. Each act involves different participants (actors) who can assume a
role and who performs a learning activity, a support activity or an activity structure (a
collection of learning or support activities). Moreover, each act can be related to
environments, which can be seemed as the set of components that describe and support
the performance of the activities, therefore, an environment is a collection of resources
(learning objects) and tools (items) or services that support the participants in their tasks.
The result of this structure is a package called “Unit of Learning” (UoL), defined as “the
smallest unit providing learning events for learners, satisfying one or more inter-related
learning objectives” (IMS-LD, 2003), with specific adaptive properties which are explained
in next chapters.

The theatrical metaphor is valid to introduce the specification to beginners, but there
are more supported functionalities that are not part of the metaphor. First, a learning flow
is not restricted to include synchronization points: the use of the different structure types
allow course designers to create flows where the participants asynchronously reach their
objectives (de-la-Fuente-Valentin, Pardo & Kloos, 2007). The theatrical metaphor does
not allow either introducing adaptive content material: course and participants state can
be mapped into concrete values through the use of properties. A proper evaluation of
these properties, done with conditions permits the modification of the learning activities
and materials depending on learner’s information.
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Figure 2—3 Unit of Learning elements and their relationship

The learning design is the key element in a UoL and is basically what it is tried to be
modeled; the other elements are necessary and complementary parts. IMS-LD
specification defines the guidelines to build an UoL covering the complete course life-
cycle: first, proposes a data model that supports the formalization of learning flows (IMS-
LD, 2003); then, offers the XML binding of the data model and defines the exact shape
that a course package (UoL) must have (IMS-LD XML Binding, 2003); finally, details how
runtime environment should interpret the different elements of the course (IMS-LD BPG,
2003).

Another important characteristic in UoL building is the relation and integration with
other specifications like: IMS Content Packaging (IMS-CP, 2004) for distribution of UoL,
the IMS/LOM Metadata (IMS-MD, 2001) for characterization of the resources, IMS
Learner Information Package (IMS-LIP, 2001) for characterization of the students, among
others. This property adds interoperability and durability to the different proposed models
in order to obtain adaptive UoL.

IMS Learning Design levels

In order to build a UoL, IMS-LD describes and implements learning activities based on
different pedagogical methodologies, including group work and collaborative learning. In
addition, it lets to coordinate multiple learners and roles within a model unique-student or
multi-student. It let manage the use of learning contents with collaboration services and
also it support models delivery including blended learning.

With the purpose of make possible the implementation of the specification in a
learning management system, IMS-LD can be built in three different levels: level A, level
B and level C, providing different schemes of XML for each level that can be integrated
considering the purpose wanted for a certain learning system (In Figure 2-4, elements of
the 3 levels are depicted from the concept model extracted from IMS-LD, 2003):
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Figure 2—4 Conceptual model of overall Learning Design levels structure (Level B:
condition, property and global elements; Level C: notification). Extracted
from (IMS-LD, 2003)

o Level A: offers the necessary vocabulary to express a general learning process,
including learning paths. It considers the definition of different user roles in the
process (e.g. teacher and student), several learning and support activities that
these roles perform and diverse environments in order to establish which learning
resources and services can be used in those activities.

e Level B, adds the possibility of defining conditions to evaluate different
expressions based on properties of an individual user or different roles in order to
enable the personalization.

e Level C, allow notifications mechanism to be defined (i.e. messages as answers
to events execution).

With IMS-LD level A it is possible to model multi-role and multi-user learning designs.
However, the possibilities for designing runtime personalization are still rather limited.
Level B adds four new concepts (properties, conditions, global elements and monitor) to
the Learning Design core that enable runtime personalization. Here, a briefly detail
extraction from (Vogten, 2008) for three of these four concepts are presented, namely
properties, conditions and global elements. Only these three since they are used in this
research work to achieve context-aware adaptations. Further, in chapters 4, 5 and 6 the
author of this dissertation explains how level B conditions, properties and global elements
are considered and used in order to define different variables and conditional statements
that can generate adaptive processes to affect presentation of learning activities,
resources, tools and services delivery according to the characteristics of the learner’s
context.
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Properties

Properties are similar to variables as defined in common programming languages. They
have a unique identifier and are of a certain data type. Each property is capable of
holding a single value corresponding to its type. Furthermore, each has to be declared
explicitly before it can be used. Valid values can be limited by adding restrictions to each
property declaration. The run-time environment (i.e. delivery/player system) is responsible
for enforcing these restrictions, which can be used, for example, to limit user input. Each
property can optionally be seeded with an initial value. Properties can be grouped
together, which allows them to be addressed by a single reference. Unlike most
programming languages, properties are persistent beyond the lifetime of a learning
design runtime session. The run-time environment is expected to ensure this persistence.
Properties also have an instantiation scope, determining how many occurrences of a
property should be created during run-time. The following scopes are defined in (IMS-LD,
2003): local, local personal, local role, global personal and finally global. These scopes
determine when a new property should be instantiated. For example, a local personal
property will be instantiated for each learning design user. The scopes are closely related
to the repeated deployment of a learning design during run-time; this deployment
instance is called a run (IMSLD-BPG, 2003). A run provides a context for assigning users
to the roles of a learning design. Table 2-2 depicts the relationship between the values of
the property scope attribute and their instance occurrences.

Table 2-2  Relationship between property scope and the possible instantiations

Property scope Occurrence
Local One for each run
Local personal One for each user in a run
Local role One for each role instance in a run
Global personal One for each user
Global One instance only

Conditions

The second construct for manipulating property values, besides the global elements, are
conditions. These conditions consist of an antecedent and a consequence. For example,
in the condition “if X then Y”, the “if X’ part is the antecedent and “then Y” is the
consequence. These conditions can be compared with those found in programming
languages. What sets them apart from most programming languages, however, is the fact
that the conditions are not imperative, meaning that the order of the evaluation is not
determined by the order in which they are entered in the learning design. Instead, they
resemble the production rules of a production system. Their antecedents must be
continuously monitored by a run-time delivery player/system to determine when to
evaluate the consequences. A consequence might be an instruction to show or hide an
IMS-LD element such as activities, items, environments or parts of the global content. It
might also be the manipulation of property values: the change of a property value could
cause antecedents of one or more other conditions to evaluate to true. This results in the
execution of their consequences, and so on. The run-time delivery player/system must
pay special attention to avoid ending up in an infinite loop. It resembles a production
system but with a twist—it processes the ripple effect caused by events and
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consequences, rather than attempting to find a solution via forward or backward
reasoning.

Both the antecedent and the consequence make use of expressions built around an
operator and zero or more operands. An operator can act also as an operand for another
operator. IMS-LD contains a number of Boolean operators such as and, or, is, not,
greater than and less than. These Boolean operators are typically the root for antecedent
expressions. For the consequence, additional operators such as sum, subtract, multiply,
divide and no-value are available.

Global elements

Besides conditions, property values can be also manipulated by other level B elements,
called global elements. Global elements are XML constructs that extend the W3C-
XHTML specification (W3C-XHTML, 2002). Four global elements are defined: set
property, get property, set property group and get property group. These elements should
be rendered by the run-time delivery player/system as either entry fields providing the
possibility to change the property value, or text fields showing the properties’ value. The
run-time delivery player/system should ensure that restrictions defined for these
properties are respected when a user enters data for them. The set property element has
an attribute that limits the number of times a property may be set by a user.

Resource elements have type attributes that determines the kind of resource
referenced. IMS-LD supports two resource types: “webcontent” and “imsldcontent”.
Whenever a resource contains global elements, the type of resource should be set to
‘imsldcontent’. This triggers the runtime to parse this resource for global elements and
render the content accordingly.

Learning Design delivery tools

The availability of supporting software in the market is a measure of a specification
health. In the case of IMS-LD, software can be produced for two main areas. On the one
hand, for authoring and creating UoL, even without knowing the details of the
specification. An authoring software should provide an expressive and usable user
interface that facilitates courses creation. On the other hand, for delivering UoL, it is
required a compliant platform that imports a course package and reacts to the different
elements as expected by course authors. In this research work, we are focused on both
areas to achieve context-aware adaptations for designing and delivering mobile
educational scenarios. However, the author of this thesis focused his efforts on
developing a mobile delivery system (or player) as first scope, so as to demonstrate how
context-aware adaptations are carried out in run-time, where learner’s lived context is the
current source for retrieving contextual information.

A first overview of available software for delivering Learning Designs is given in
(Burgos, 2008). Then, in (de-la-Fuente-Valentin, 2011) is presented a complementary
overview for the work presented in (Burgos, 2008). This section summarizes and
complements that compilation with the improvements found for m-learning run-time
delivery players/systems in the literature since then.

Despite that currently few solutions have been proposed for delivering, all of them still
remain as attempts to offer a satisfactory solution and none have been considered as an
optimal adoption of the specification (Neumann et al. 2010). For that reason the number
of available systems has increased year by year.
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IMS Learning Design players are still in their infancy. Players that have been
developed fall into one of two main categories: client-side players and server-side
players. With server-side players, the IMS-LD modules are stored on a server and are
accessed real-time via the connecting device, such as a laptop or desktop computer.
Starting with server-side players, there are a number of them that have been developed
during the first decade of 2000 year.

e CopperCore — Compliance with levels A, B, and C of the IMS Learning Design
Specification — CopperCore runtime environment is the reference implementation
of the IMS LD specification (Martens et al., 2004)

¢ Reload — tool used to draw up units of learning (UoL). Reload may also be used
as a player (Reload, 2004).

e SleD and SLeD2 - front end player for a CopperCore Run-Time (CCRT)
Environment Mobile connectivity has brought the need for the development of
client-side players (SLeD, 2007).

e Clix Prolix — represents an embedded (into a Learning Management System)
IMS-LD player. It supports IMS-LD level B (properties and conditions) that allows
creating personalized units of learning that adapt based on pre-knowledge,
preferences, and accessibility requirements (like visual disabilities). Beside,
properties and conditions enable the learning supporter to control the learning
process/workflow within a UoL (Clix; Prolix).

e Astro Ld Player — developed to address the limitations of the SLeD Player. It
provides a rich set of interface elements, and a well structured architecture and
code. Astro’s design philosophy is to try and break from the traditional “tree view”
outline which previous LD players have been based. Instead, Astro also seeks to
provide an additional method of navigation, known as the “filmstrip” (Astro player,
2010).

¢ GRAIL - the first implementation completely build into a Learning Management
System (Escobedo-del-Cid et al., 2007). GRAIL complies with the three levels of
the specification and takes advantage of other modules of the Learning
Management System to provide the player with some functionalities.

Connectivity via mobile devices generally is low in bandwidth, and the interfaces for
these devices tend to be textual in nature, which requires a different set of specifications
for display. Sampson, Gotze & Zervas (2007) introduce the SMILE PDA Learning Design
Player, which is an open source software implementation that allows the execution of
IMS-LD activities via mobile devices. When designing the SMILE system for these
devices, the categories of limited internet connectivity, lightweight design, and display
limitations were all taken into consideration. The SMILE PDA was designed as a client-
side run-time delivery player. In a follow-up paper, Sampson and Zervas (2008)
presented initial evaluation results from evaluation workshops on a group of students
using the SMILE PDA Learning Design Player.

Another player/delivery system proposed to be implemented for mobile devices is the
one presented in (Zualkernan, Nikkhah & Al-Sabah, 2009). The system, developed for
Android devices, takes a sub-set of IMS-LD elements specification as input and
automatically generates native code for multiple mobile devices where each device
corresponds to a role.
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In Table 2-3, a summary of identified Learning Design delivery tools and their
characteristics regarding the device(s) to which it is targeted, whether it is Stand alone or
Web-based, whether it is compliant with IMS-LD level A, level B or level C is presented

Table 2-3  Learning Design delivry tools
Learning Design Target device | Stand-alone /| Deliver general | Adaptativity and
delivery tool Web based |learning process | Personalization
(IMS-LD level A) | (IMS-LD level B /
level C)
Server-side | CopperCore (Laptop, Desktop | Stand-alone \/ level B and C
runtime computer)
environment
(Martens et al.,
2004)
Reload Learning (Laptop, Desktop | Stand-alone \/ level B and C
Design player computer)
(Reload, 2004)
SLeD (SLeD, (Laptop, Desktop | Web-based \/ level B
2007). computer)
CLIX Prolix (Clix; (Laptop, Desktop | Web-based level B
Prolix) computer)
Astro LD player (Laptop, Desktop | Web-based level B
(Astro player, computer)
2010)
GRAIL (Escobedo- | (Laptop, Desktop | Web-based \/ level B and C
del-Cid et al., computer)
2007)
Client-side | SMILE PDA PDA Stand-alone \/ -
Learning Design
Player (Sampson,
Gotze & Zervas,
2007)
(Zualkernan, Smartphone Stand-alone \/ -
Nikkhah & Al-
Sabah, 2009)

In this work, we aim to address delivering context-aware adaptive and personalized m-
learning by describing a system for delivering pedagogical-enhanced and structured
adaptive and context-aware educational scenarios via mobile devices. The proposed
system is implemented, taking as basis the architecture oriented to the client-side
approach proposed by Sampson, Gotze & Zervas (2007). Our delivery system, namely
UoLmP, let delivering adaptively educational activities, learning resources, mobile tools
and communication services considering retrieval and processing of contextual
information, and other characteristics not yet considered in context-aware m-learning
systems such as processing conditional statements, compliance with IMS-LD Level B, so
as to achieve context-aware adaptations. This is further explained in chapters 4, 5 and 6.

2.4 Learning design packaging

Besides defining a grammar and syntaxes for describing the learning design process,
SCORM and IMS-LD also specifies how a learning design should be packaged, so as to
facilitate its delivery to the end user.

IMS Content Packaging is a specification that gathers participant elements in the
learning design and populating resources. Moreover it enables the delivery of learning
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design packages from one program to another, facilitating easier delivery, reuse and
sharing of materials (Wilson & Currier, 2002).

Both IMS-LD and SCORM use the IMS Content Package specification (IMS-CP, 2003)
as means for packaging the learning design and the associated resource together. This
packaging process is discussed in more detail in chapter 5, in which a content adaptation
mechanism makes use of it so as to adapt media content, that are populating a current
educational scenario, considering mobile device capabilities. A learning design package
can be thought of as a zip file containing all media files as well as the learning design
itself. The IMS-LD and SCORM item models were informed by and based on IMS-CP. It
binds resources to the learning design; each item is associated with a resource element
which either links to one of the files in the content package or to an external resource via
an absolute URL.

In the case of IMS-LD, a Learning Design package also called a UoL, contains a
complete unit of education or training such as a course, module, lesson, etc., with a set of
referenced media source files. IMS-LD recommends the use of IMS-CP for this purpose.
Thus, a content package consists of a manifest and associated resources; the manifest
contains: one or more references to organizations which describe how the resources are
structured within the manifest file. An IMS-CP is often zipped into a single file for ease of
use, although this is not obligatory.

Figure 2-5 is a graphical representation of the structure of a Learning Design package.
The Figure shows a Learning Design containing a manifest that has related metadata, a
learning design structure that represents a learning script and resources. These
resources may refer to one of the physical files included within the Learning Design
package.

Leaming Design package

Manifest

Metadata

Learning Design

Resources

Files typically of type webcontent
or imsldcontent

Figure 2—5 Structure of a Learning Design package

IMS Content Packages enable Learning Design or SCORM authors and end users to
export content from one authoring system, content management system or digital
repository, and import it into another while retaining information describing the media in
the IMS-CP (see Figure 2-6), and how it is structured, such as a table of contents or the
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HTML page to show first. Currently there is a number of learning design authoring
systems, learning management systems and digital repositories that now supports IMS
Content Packaging (IMS-CP EduTech Wiki).

Authoring Tool —] Repository
IMS
» . » Content » E ’
A Package

Figure 2—6 Interoperability of IMS-CP - Content sharing between systems. Extracted from
(Wilson, S., & Currier, 2002)

2.5 Learning design for context-aware m-learning

Although, main focus of learning design in TeL rely on aforementioned ideas and
frameworks, TeL researchers have been making efforts to represent new
ideas/possibilities in those specifications for increasing the quality and variety of teaching
and learning, by considering the affordances that new mobile and wireless technologies
may bring to these processes (Sampson & Zervas, 2008; Zualkernan, Nikkhah & Al-
Sabah, 2009). Mainly these new ideas have been represented as follows (Sharples,
Taylor & Vavoula, 2010):

e People are continually on the move, for instances we move in and out of
engagement with mobile technology, we also move from topic to topic as well as
we are moving between different places and learning at the same time.

e Learning can occur in different places out from formal and traditional settings as
people initiate their activities to achieve educational outcomes.

e Learning is supported on practices which are enabled by interactions with
communities of people, technologies and available surrounding resources.

e People can be engaged by taking into account of the personal and ubiquitous use
of mobile technology.

e Almost every piece of supporting information can be found in the cloud and be
accessed anywhere, anytime.

In order to move from academic theorizing about m-learning to operational and
successful use of its characteristics and aforementioned ideas for designing it, some key
challenges about m-learning are mentioned at this point so as to explain how learning
can be designed for mobile contexts.

Since in its early days, m-learning has been characterized by trials in which different
educational scenarios have been benefiting from the affordances of mobile technologies
in a variety of learning contexts. Thanks to those research studies, researchers have also
been identifying different key challenges in m-learning which summarize arguments in the
debate about designing for m-learning (Taylor & Sharples, 2006; Shuler, 2009). Here,
three identified challenges in common on those related works, which also encompass the
interests in this research work, are presented.

e Challenge 1: Limiting mobile technologies attributes. Poorly designed mobile
technologies and systems adversely affect usability and can distract learners
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from learning goals. Physical aspects of mobile technologies that may prevent an
optimal learning experience include: restricted text entry, small screen size, and
limited battery life. Software design aspects of mobile systems that may reduce
satisfaction of learner’s experience include: lack of human-computer interaction
issues, lack of user control over mobile functionalities, uncertainty in context-
recognition caused by several different sources, such as detection accuracy,
information fusion, or inferring logic (Dey & Hakkila, 2008).

e Challenge 2: No mobile theory of learning. Currently, no widely accepted
learning theory for mobile technologies has been established, hampering the
effective assessment, pedagogy, and design of new applications for learning
(Kukulska-Hulme et al., 2011; Traxler, 2013).

e Challenge 3: Heterogeneity of context. Existing different features participating in
the interaction between users and systems across spaces such as different
technologies and interfaces for interaction, conditions of a place, surrounding
people, learning preferences, skills, educational content, rich-media learning
resources, among others, may affect negatively the interest and motivation in
learning among students if learning design and delivery is not adapted
(Christopoulou, 2008).

Thereby, several research efforts have been undertaken (presented in next sub-
section) so as to build a framework/model to achieve conceptualization and design of m-
learning, which educational stakeholders may find useful, in order to comprehend how m-
learning key opportunities and challenges may join together to enable m-learning design
and delivery.

2.5.1 Frameworks/Models for m-learning

Through this framework/model construction process, researchers have been following
and evaluating important criteria with regards to assuming m-learning opportunities and
aiming these m-learning challenges achievement as stated in (Sharples, Taylor &
Vavuola, 2005). According to Sharples, Taylor & Vavuola, a first step in constructing a
framework/model for m-learning is to distinguish that m-learning takes account of the
personal, ubiquitous use and diversity of mobile technology (aiming Challenge 1).
Second, that it embraces the considerable learning that occurs outside traditional learning
settings, accepting that learning can occur outside as people initiate their activities to
achieve educational outcomes (aiming Challenge 2 and Challenge 3). Third, that m-
learning compared to other types of learning activity, differences from the assumption that
learners are continually on the move, i.e. we move from topic to topic and learn across
space and time (aiming Challenge 3). Lastly, m-learning is based on contemporary
accounts of practices that enable successful learning; It matches a constructivist
(individual and social) and situated approach, in which learning as an active process of
building knowledge and skills through practice within a supportive group or community
(aiming Challenge 2).

Following those criteria, some of the most well-received and acknowledged proposals
of a framework/model for m-learning are:

i) A Theory of Learning for the Mobile Age (Sharples, Taylor & Vavoula, 2010).

Sharples, Taylor & Vavoula (2010) propose a framework (see Figure 2-7) for
analyzing m-learning, which encompasses two layers, namely semiotic and
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i)

technological, based on activity theory (Engestrom, 1996) and internalization and
socialization processes in knowledge construction (Vygotsky, 1978).

Technological Tool
(mobile learning technology)

Semiotic Tool
(learn-space)
Object
Technological
(access to information)
Subject Semiotic
Technological (knowledge and skills) i
(technology user) ) Changed object
p (revised knowledge and skills)
Semiotic
(learner) >
Control Context Communication
Technological Technological Technological
(human-computer interaction) (physical context) (communication channels and protocols)
Semiotic Semiolic Semiotic
(social rules) (community) (conversation and division of labour)

Figure 2—7 Framework for analyzing m-learning. Extracted from (Sharples, Taylor
& Vavoula, 2010)

The semiotic layer describes learning as a semiotic system in which the
learner’s object-oriented actions (i.e. actions to promote an objective) are
mediated by cultural tools and signs. On the other hand, the technological layer
shows learning as an engagement with technology, in which tools such as
computers and mobile phones function as interactive agents in the process of
coming to know. These layers can be separated, to provide either a semiotic
framework to promote discussion with educational theorists to analyze the activity
and discourse of m-learning, or a technological framework for software
developers and engineers to propose requirements for the design and evaluation
of new m-learning systems (Sharples, Taylor & Vavoula, 2010).

Pedagogical Framework for M-learning (Park, 2011).

An alternative focus is Park’s (2011) pedagogical framework for m-learning
(see Figure 2-8), which provides a way of understanding how ‘transactional
distance’ and the ‘social’ nature of an activity can be mapped against one
another. The former is defined as the ‘cognitive space’ between individuals
whereas the latter is to what extent an activity involves interaction with others in
order to be completed successfully. Park’s framework allows academics and
institutions to plan for the type of learning and teaching experiences that may
work well in their particular context.
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Figure 2—8 Pedagogical framework for m-learning (Extracted from Park, 2011)

Park gives each element a code: with H standing for high transactional
distance, L for low transactional distance, S for high social interaction and | for
low social interaction. An HS approach, for example, allows for high transactional
distance and high social interaction with peers. This can be appropriate at any
level of education, but may be more appropriate with learners who already have
expertise in a given area. An LI approach, on the other hand, would be closer to a
traditional experience for learners, with highly-structured and with (mostly)
individual interaction with a single instructor. (Mobile Learning infoKit, 2011)

A Model for Framing M-learning (Koole, 2009).

A more holistic framework for m-learning is presented in Koole’s model (see
Figure 2-8). This consists of a three-circle Venn diagram comprising the Learner
aspect (L), the Social aspect (S) and the Device aspect (D). Koole provides
criteria for each individual and overlapping section. M-learning is therefore a
combination of the interactions between learners, their devices, and surrounding
resources (people, objects, ambient technologies, etc.).

(L)
Leamer
Aspect

Figure 2—9 Model for framing m-learning (Extracted from Koole, 2009)
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M-learning provides enhanced collaboration among learners, access to
information, and a deeper contextualization of learning. Hypothetically, effective
m-learning can empower learners by enabling them to better assess and select
relevant information, redefine their goals, and reconsider their understanding of
concepts within a shifting and growing frame of reference (the information
context). (Koole, 2009)

2.5.2 Pedagogical considerations

Besides aforementioned frameworks/models are examples of the foundations for m-
learning design, all those proposals have been linking m-learning opportunities
(presented in section 2.1.3) as well as they have been involving the context as an intrinsic
part of the m-learning elements interaction. Moreover, those frameworks/models suggest
that meaning-making process in m-learning cannot simply be transferred or trained, but
rather it has to be built in each individual and in context.

During the early days of e-learning, one important issue that has been outlined for
context-awareness in learning design is the affordances that activation of context may
bring to the learning design process (Tessmer & Richey, 1997). Therefore, there is
nowadays an existing need on examining mobile technology and context relevance to
“design for mobile learning” (Sharples, 2011).

With the growing impact of web based distance learning, open educational resources
and inclusion of mobile technologies, different traditional pedagogical approaches are
increasingly being studied by different researchers so as to define or apply suited
pedagogical theories for context-aware m-learning (Specht, 2008; Nouri et al., 2010;
Ravenscroft & Sharples, 2011), which may leads to a formal description and
representation of educational elements in the learning design process, including
participation of contextual information.

During the last decade, there has been a major shift towards the Constructivist
learning theories and their descendants with regards to designing for situated and
context-aware m-learning (Beetham & Sharpe, 2007; Herrington, Herrington & Mantei,
2009; Kukulska-Hulme et al., 2011;). M-learning thus, based on the constructivists and
situated’ perspectives, should be self-determined and situated in real-life situations
(Schmidt & C. Winterhalter, 2004). Thereafter, knowledge construction in context-aware
m-learning may best be facilitated by constructivist and situated learning scenarios.

Constructivist learning is an active process in which learners construct new ideas or
concepts based on their current and past knowledge. According to Constructivism,
learners interpret the information and the world according to their personal reality; they
learn by observation, processing and interpretation, and then personalize the information
into personal knowledge (Piaget, 1970). Moreover, in a social point of view,
Constructivism asserts the relevance of an active subject and contextualizes it on a social
environment (Vygotsky, 1978). That is, the interaction with other subjects and objects is
an important part of the learner’s construction of knowledge.

On the other hand, Situated learning is a process that takes place in a social and
participation framework (becoming part of communities of practice), which implies a
highly interactive and productive role for the skills that are acquired through the learning
process (Lave & Wenger, 1991; Oliver & Herrington, 2000).

Research studies have indicated that both Constructivist and Situated paradigms are
benefiting of the affordances of mobile technologies and contextual information (Ally,
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2005; Sharples, Taylor & Vavoula, 2010). Additionally, in several case study results
presented in (Patten, Arnedillo Sanchez & Tangney, 2006; Herrington, 2009) indicate that
mobile devices can be embedded in constructivist and situated based curriculum
resources especially in tasks that involve students learning as they are mobile in different
learning settings (i.e. in context). Mobile devices are providing a unique opportunity to
have learners embedded in a realistic context at the same time as having access to
supporting tools (Taylor, J & Sharples, 2006).

In present TeL research there are attempts to model the learning process for mobile
contexts as explained above in the three frameworks; however, there exists a research
challenge to define optimal ways on how mobile technologies and contextual information
can be described in the learning design process and how educational materials can be
suitable delivered and presented to different roles (learners, apprentices, teachers,
instructors, etc.) which are the main actors of learning and instruction processes.

In this thesis educational scenarios construction based on Constructivist and Situated
pedagogical models including learner’'s contextual information as an important design
factor is presented and explained with details in chapter 5.

2.6 Summary and discussion

With the goal of providing an overview of the history, present and trends, this chapter
summarizes the state of the art regarding m-learning and learning design. Firstly, this
chapter mainly discusses the theoretical background about m-learning definition and the
research background related with its expansion and opportunities that the learning design
process can address. Accordingly, it is stated that the definition of m-learning is still an
open issue, as well as it is described that related trials on m-learning along the past years
have been proposed in terms of devices and technologies availability for learning, the
benefits of learning outside the classroom and the affordances that learners mobility and
context may bring to the learning process. Therefore, for the scope of this research work,
it was declared that: current m-learning involves “mobility” of three main elements,
namely technology, information and people, in real contexts in which these elements are
immersed and interacting.

After that, this chapter presents the definition of context, and what it means for an m-
learning system to be aware of context, as well as it introduces some approaches for
modeling the context. Thereby, context can be considered in learning to understand the
relations among learners, people, artifacts, locations and events, and more specifically, to
comprehend how learners interact with other people, artifacts and location that surrounds
them in order to construct knowledge.

Secondly, It is introduced the foundations of Learning design and further description
of related issues about its implementation so as it can be benefitted from mobile and
context-aware learning characteristics. Then, SCORM and IMS-LD specifications were
presented as identified specifications that can be used to describe the learning process.
Nevertheless, it were pointed some limitations of SCORM that IMS-LD can overcomes,
with regards to allow pedagogical-enhanced educational scenarios be described, as well
as, the flexibility and neutrality to design the learning process considering different
approaches to be included such as the characteristics of a context-aware m-learning.

Through IMS-LD standard authors can represent pedagogical models with learning
procedural planning in which different learning objectives and various teacher-defined
activities are defined, so as to guide and monitor the students’ learning processes. The
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authors can also define which learning contents are referenced in those activities and the
environments that include the resources and tools to facilitate activity completion.
Moreover, different adaptation approaches can also be defined within IMS-LD structure
aiming to deliver personalized and adapted educational elements (activities, resources,
tools, services) to learners (Burgos, Tattersall & Koper, 2007).

Additionally, at the end of this chapter it is discussed that in present TeL research
there are attempts to model the learning process for mobile contexts as explained by
three frameworks presented (Sharples, Taylor & Vavoula, 2010; Park, 2011, Koole,
2009). However, there exists a research challenge to define optimal ways on how mobile
technologies and contextual information can be described in the learning design process
and how educational materials can be suitable delivered and presented to different roles
(learners, apprentices, teachers, instructors, etc.) which are the main actors of learning
and instruction processes (a possible solution for this issue is further discussed in chapter
5).

Finally, we remarked that attempting to design a contextual and m-learning,
researchers can clearly focus on considering traditional pedagogical models which have
relevancy on a constructive (individual and social) and situated perspective of how
learning process is taken and can be described. Traditional models seem to be benefiting
from the characteristics of the m-learning: considering learners’ mobility, engagement and
ubiquitous use of mobile technology, exploiting available information, and support of
interactions with communities of people and available resources. To this end the IMS-LD
specification, which presents the structure of a learning modeling language and which
brings some adaptation capabilities, seems to be appropriate for integrating the
description of traditional pedagogical models with context-aware adaptation aspects for
m-learning.

However, it is important to remark that there is a challenge in the learning design
process so as to attempt considering constructivist-based or situated-based pedagogical
strategies for context-aware m-learning. Since the learning design process stayed at an
abstract level, considering a constructivist-based or situated-based pedagogical strategy
requires struggling with certain components in the process (Strobel et al., 2009). For
example, in many constructivist design models, not many fixed sequences exist and
many learning activities can be iterative. Moreover, different available mobile tools and
services can be used by the learner so as to complete activities. This flexibility means
there is a great deal of learner’s free choice regarding resource, tools, services and
activity selections.

Even though, both constructivist and situated paradigms are characterized by
nonlinear content interaction, complex and ill-structured problems, non-sequential
pathways, and a variety of situation and context-sensitive support structures (like
experiential learning, problem and project-based learning, scaffolding, modeling, and
coaching) (Jonassen & Land, 1999; Mayes & Freitas, 2007), the constructivist-based and
situated-based design can provide a design template for building non-sequential, open-
ended learning activities within the formalized IMS-LD model (Strobel et al., 2009). IMS-
LD claims to be pedagogically neutral (Nodenot, 2006), meaning it does not enforce a
particular instructional strategy or model, and the decisions of design are left to the
instructor or instructional designer. This is further discussed and overtaken with the
solutions proposed in chapter 4 and presented in chapters 5, 6 and 7.

All these aspects sets the ground about the foundations considered in this research
work so as to achieve learning design implementation in context-aware and adaptive m-
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learning. Next chapter discusses aspects of adaptativity for m-learning so as to achieve
designing and delivering adaptations in this implementation.







CONTEXT-AWARE ADAPTIVITY IN
HETEROGENEOUS M-LEARNING ENVIRONMENTS

This chapter provides an overview of the main issues and considerations with regards to
achieving adaptivity in m-learning design and delivery. It presents relevant contributions
regarding theoretical and technological concepts of adaptivity in two scopes, namely
educational content and context-aware educational scenarios. Moreover, in each scope,
some mechanisms and methods of adaptation are described, as well as an overview of
identified existing solutions in each scope is presented.

3.1 Adaptive m-learning

In recent TeL research there is an existing interest to provide learning actors (students,
apprentices, etc.) through systems with suitable and appropriated instructive materials
that fit to their current needs and characteristics. This trend has been commonly known
as adaptive learning (Brusilovsky, Specht & Weber, 1995). Research efforts in this
tendency have addressed the definitions of adaptation with regards to: a) the system
capabilities of delivering/outputting suited materials to its users, and b) to the user’s
means to customize the functionalities and properties of a system (Ahmad, Basir &
Hassanein, 2004; Chen & Magoulas, 2005). These two approaches go from machine-
centered (adaptivity) to user-centered (personalization or adaptability), nevertheless, both
two-way of adaptations focused on the basis of enhancing the experience of system’s
users increasing their efficiency and satisfaction with regards to personal tasks and
system’s functionalities respectively, as well as narrowing the chances of getting lost
within big amounts of information and reducing the probability to confuse in navigation
through information (Oppermann & Rashev, 1997).

Both concepts adaptivity and personalization have been an important issue of
research for learning systems during the last two decades. Research on this issue has
shown that the application of adaptivity and personalization can provide a better learning
environment in such systems.

Regarding the affordances that adaptivity and personalization issues have been
bringing to the computer-mediated learning process, during the last decade research
initiatives start focusing on the mobility aspects of the learner involving the appropriation
of learning spaces in which ubiquitous technologies, surrounding resources and
everywhere information merge together to facilitate learning. This new trend has been
intended to be known as adaptive m-learning and its firsts progresses starts appearing
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since mid 2000s (i.e. 3rd phase of m-learning) (Economides, 2006; Goh, Kinshuk & Lin,
2003; Jeng et al., 2010; Liu & Hwang, 2009; Martin et al., 2011). This emerging trend
focus on delivering personalized and/or adapted learning content and educational
scenarios to learners regarding: the mobile device from which they are interacting with,
their individual mobility needs and preferences in learning situations different from a
traditional settings, and the surrounding resources (people, ambient technologies,
physical objects, cultural milieu, etc.) that may affect the interaction between learners with
anytime-anywhere available information (Kinshuk et al., 2011; Sampson et al., 2012;). In
this new trend, affordances of emerging mobile technology, facts and effects of learner’s
mobility and availability of surrounding resources and information to the learner’s situation
and context can be distinguished.

Both adaptivity and personalization in m-learning systems refers to the process of
enabling a learning system to fit the learners’ current situation, needs, and
characteristics, taking into account, for example, their current location, their access
device, knowledge level, learning styles, interests, preferred language, and so on
(Kinshuk, Graf & Yang, 2009; Wu et al., 2008). While adaptivity focuses on taking
learners’ situation, needs, and characteristics into consideration in generating
appropriately designed educational scenarios and delivery suited learning content
(activities, resources, tools an