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ABSTRACT

This paper presents the results of a recent litematsurvey of the methodological and
technological evolution of advanced learning san$s for design and engineering
education. In the field of educational methodolsgtéere is a shift from the conventional,
teacher-centered instructional approaches to ingioased explorative approaches and
constructive approaches, which apply the learnigedbing principle in various forms
and contexts. Our main findings can be summarizeiéows: The concepts of distance-
learning, electronic-learning, mobile-learning andiquitous learning, likewise their
goals, methodological approaches, and technologipdtforms are not clearly
distinguished. This leads to a confusion, whichinegl to avoid in this paper by applying
two distinguishing criteria, namely the level obpirded methodological flexibility and the
extent of amalgamation of technological heteroggneiVvith regards to the enabling
technologies, the fast evolving mobile communicasiod mobile learning infrastructure
enjoy significant attention in these days. Reseanclare also intensively studying the
new educational opportunities offered by everywh@resent computational and
communication means, such as wearable computers@itnbc networks. Our conclusion
has been that, though the evolution of advancednile@ is triggered by the rapid
advancement of the technologies, successful expwitof the technological affordances
requires a conjoint development of the associatkdational methodologies.

1. INTRODUCTION: TOWARDS ADVANCED LEARNING SOLUTIONS

The rapid development of media-based informatioac@ssing and mobile communication
technologies is making a large influence on engingesducation and training. The educational
institutions and programs are supposed to folloe tbchnology trends and adapt to them
dynamically. They have to be open and market ainand to develop the mentality and
capability of learning in a global world. From taspect of individuals, there has been a need for
continuous learning as well as for self-controlf@etsonal efforts towards acquisition of new
knowledge or competences. It has become clearithatder to cope with the above main
challenges, both dedicated technological innovatiand methodological reconsiderations are
needed. Successful exploitation of the relevantrelbgies and development of efficient



educational methodologies also requires fundamesitahges in our thinking about the daily
practice of teaching and learning in the near itur

As for now, the interplay of the enabling technadsgand utilization methodologies has resulted
in various arrangements and systems that are offenred to asdvanced learning solutions
(ALS). A learning solution is a purposeful combinatof coherent technology and methodology
towards effective learning under different circuamstes. They are also supported by various
underpinning theories such as (i) behaviorism, daynition and (iii) constructivism. Over the
years, instructional education has shifted from dbgective theoretical basis of behaviorism to
cognitivism and constructivism. Both behaviorisnmd asognitivism support a kind of analytic
view by breaking down learning contents and task® imanageable chunks, establishing
objectives, and measuring performance based on tGenstructivism supports a synthetic view,
based on the assumption that learners construat dlagn perspective of the world through
individual experiences. Therefore, constructivismonpotes a more open-ended learning
experience where the methods and results of legqar@ not easily measured and may not be the
same for each learner. The formation of ALSs i® alscompanied by the emergence of many
new concepts such as learning objects, knowledgeonkes, and ambient intelligence. The
technological advancements and the new educatiomatepts give floor for new reasoning
models, provides additional stimulus for the depelents, broaden the spectrum of
implementation and application opportunities, andrease the accessibility, efficiency and
convenience of learning.

1.1. Proposed categorization of learning approaches

In the framework of an international collaboratixesearch project, called EADIS, we have
completed a widely-based literature study withdbal of exploring the new developments in the
field of product design and engineering educatur first observation has been that (i) a huge
variety of methodological approaches have beenrtegpaipon, (ii) various forms of computer-

supported and electronic learning are discusseavadapping or escalating concepts, (iii) the
terms are often used as interchangeable synonyrdgj\g the proposed and/or studied learning
frameworks and practices show a rather complexnat
confusing picture. The overwhelming majority of {mablished
papers are research communications that contritnee Flexible learning
concepts and implementations. There were someatings for
taxonomy and ordering. For instance, Xxx used taent
flexible learning to create an ‘umbrella’ categéimat includes
both contact learning and distance learning (200x). In the

Contact learning

Distance learning

category of distance learning, he identified pépesed Electronic learning
distance learning and electronic learning as subgoaies _ .

. . . . . . On-line Mobile
(Figure 1). He considered on-line learning and reolaiarning learning learning
as parts of e-learning.

Though a couple of survey and review papers hagently _

been published, there is a strong need for mongfickion, Pape"f’:;i?ng'Stance
structuring, validation and consolidation of theaarch results
This explains why the objective of this paper haerb to
consider the technological advancement and theadetbgical
approaches in a systematic manner. In order toceedhe

Figure 1Classification of
learning approaches
according to xxx ().



\ terminological and conceptual ambiguity
that has apparently been caused by the
non-distinguishing treatment of the
various advanced learning approaches,
we have applied two distinguishing
criteria in this paper, namely, (e level
of methodological flexibility provided
and (i) the extent of synthesizing
technological heterogeneityBased on
these two factors, we managed to
N demarcateclassroom learning distance
Traditional . . . .
learning learning, electronic learning, mobile
solutions learning and ubiquitous learnings well
as their dialects, from each other. We
Provided methodological flexibility> ConSider the laSt three .aS manifESta.tions
of ALSs. This is shown in Figure 2. Like
Figure 2 Proposed categorizatioflearning the traditional learning solutions, ALSs
approaches also share certain features, for instance,
the flexible availing of learning contexts,
and exploiting the affordances of the pertainirghtelogies.
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1.2. Structure of the paper

The first part of this paper will outline the majorethodologies, frameworks and designs of
traditional learning solutions. They form the metblmgical basis of ALSs, but many papers
reported on conceptual and implementation issuespairticular, related to application of
constructive learning methodology in mobile andquitibus learning environments. The second
part of the paper will survey the advanced learrapgroaches, that is, electronic, mobile and
ubiquitous learning. They will be discussed fromethaspects: (i) main concepts and theories,
(ii) technologies and infrastructure, and (iii) &pation methodologies and experiences. Finally,
the goals and conditions of future developments lvélconsidered. Due to the space limitation,
we do not deal with commercialized systems, expemiiad system developments, or application
cases.

2. METHODOLOGICAL APPROACHES OF CONVENTIONAL IN-
SCHOOL LEARNING

2.1 Instructional learning

Instructionism is a kind of educational applicatiohobjectivism and a typical methodological

approach of in-school learning, involving lectuidl$, class rooms, laboratories, practice rooms
and study/library rooms. Instructionism is an ediocastrategy which presumes that learning
entails knowledge transfer and submission of lgar{€oleman, E. B. et al.,, 1997). As a

methodological approach, instructional educaticcuges on the knowledge flow from educator
to learner, and describes not only what is to benked, but also how it is to be done. Instructive
learning typically involves lectures and demongbrat in which the students play a passive and
dependent role. Instructionist approaches have fmeerd more useful for teaching theories and
other knowledge constructs than for developing cetence and experiences (Reigeluth, C. M.,



1999). The goal of instructional methodology isingrove instruction and comprehension. To
this end, it employs teaching methods, processas sindy materials that support the
intensification of transfer of knowledge by the tmstors and of absorbing knowledge by
learners.

One way of this intensification is to use compuiareducation. Instructional technology means
integration of computer and network technologids e curriculum and instruction. Actually,
in some approaches, computers do the instructibigchateads into the whole idea of computer-
aided instruction and computer-based instructi@ystems (Reeves, T., 1993). Having many
advantages, learning through hypermedia has beeopopular form of instructional education.
For the time being, successful navigation in hypaiia systems needs the orientation and
explanation of the instructor, or else it mightdea disorientation and confusion (Chu, K. et al.,
1999).

Although instructional education is proliferatingedto the push of computer-based technologies,
cognitive and developmental psychologists critidizéor imposing constraints on the dynamic
interaction of the learners with the real world l@they are constructing their own knowledge. It
is also criticized for the inherent constraints &odthe dependence on the school facilities. In
addition, it has been found that instructional edion does not support learning in complex
domains and socialized knowledge creation suffiteenOne part of the trouble with
instructionist learning is that its goal remainctonmunicate knowledge by teachers in the most
objective and efficient manner (Jonassen, D. H91)190ther part of the trouble is that it is not
easy to include interactive learning strategiest tlamilitate the active and interdependent
involvement of students on the basis of the underpg educational theories and infrastructure
(Villabla, C. and Romiszowski, A., 2001). This exipls why many researchers propose to
combine acquisition strategies and participatioatsgies instead (Sfard, A., 1998).

2.2. Explorative learning

Explorative approaches of learning go beyond posgjogstions and seeking answers. They
stimulate intentional searching for information akdowledge, and support aggregation of
domain knowledge based on the development of hggethand theories (Paul, H., 1995). It has
been observed that exploration embedded in reak wontext increases the authenticity of the
learning tasks and increases the motivation ofl¢laener (Oppermann, R., 2001). In general,
what learners do is experimenting, research, degowr a combination of these. Methods of
empirical and qualitative research have been censitlthe most effective facilitators for

explorative learning, in particular, in universitgvel engineering education. The cognitive
interaction between the learners and collaborareeps work has been also activating.

Explorative learning can be further articulatedaading to the way of implementation, or, in
other words, the methods of exploration (Billett, 892). Three typical representatives of this
methodology are (i) learning by experiments, @anning through research, and (iii) learning by
discovery. In the case téarning by experimentshe learners create simplified models of parts
of the world, design their own experimental enviramts, observe and analyze experimental
results, and regenerate alternative hypothésssmning through researcis a structured inquiry-
based learning, helping the learners formulatearebequestions and generate knowledge with
sufficient rigor. Typically, a structured processinvolved proceeding with identification of the
problem, forming hypotheses/theories, collectinglgsis of data, and verification and



conclusion. Learning by discoverycombines experimenting and doing research, reguire
development of search strategies, investigatiacaseés, analogies and patterns.

2.3. Constructive learning

The theory of constructivist education explainst tlerning is a process of construction and
confrontation of meaning rather than explorationd amemorization of facts. In addition to the
making of meaning, it emphasizes the social aspe€tdearning, interactions with the
environment, distributed cognition, and the endeay@ompletion (Prawat, R. S. and Floden, R.
E., 1994). Constructivism holds that it brings alvantage for the learners if they acquire
knowledge by building it from innate capabilitieg bolving problems in an organized process
and in interaction with the environment (Piaget,1973). It assumes the learners constructing
knowledge for themselves by creative activitieshsas planning and design. Tleegnitive
constructivistsgive priority to sensory-motor and conceptual \aiiéis of individual learners
(Cobb, P., 1994). Theocial constructivistprefer building knowledge by a group of learners i
social context (Phillips, D. C., 1995).

Constructive learning represents a learner-centined of education and manifests in a broad
diffusion of approaches dftimulated active learningln the fields of design and engineering,
constructive learning involves creative action, aadjets both individuals and groups. Form a
didactic point of view, the learners involved imnatlated active learning can follow individual
learning paths, can act in different functions, they may also collaborate (or compete) with
each other in teams and with other teams. Thierlgies the floor to more social interaction and
prepares the learners for the challenges posedadolivg together with unfamiliar individuals,
solving complex tasks based on remote cooperatiod, other real life situations. They can
integrate new knowledge in various ways accordiogthteir own mental schema and get
immediate confirmation on the appropriateness efuse of this knowledge. This way, they can
constantly check the validity of their mental madiel the course of inquiry and problem solving.
It has been recognized that the constructive mettasd working well with learners who have
reached the formal operation level of development.

Constructive learning also applies-operative learning strategieand places emphasis on the
development of cohesion, communication, and ende&@Vben oriented to a group of learners, it
forwards group learning to group functioning (DelsoN. J., 2001). Supported by web
technology, collaborative learning enables inteoactvith distance partners and repositories of
data (Sclater, N. et al., 2001). In an ultimateedasreates active learning communities based on
virtual communication and course programs developed multi-cultural study groups
(Bodendorf, F. and Swain, P. H., 2001). There lareet major forms of constructive learning (i)
case-based learning, (ii) problem-based learning,(&) project-based learning.

The objective ofcase-based learning to place the learners in direct contact witb fubject
matter through practical (real-life) and to faaite finding information through critical analysis
and social communication. Problem-based learnimge&atrates on (i) better understanding and
solving recognized problems, and (ii) motivatingarleers to achieve better performance
(Cheaney, J. and Ingebritsen, T. S., 2005). Priyaséd learning gives priorities to learning
activities that are for long-term, multidiscipliyarand connected to real world issues and
practices (Cronjé, J., 2006).

Problem-based learningemphasizes learner-centered learning activitieg #re long-term,
interdisciplinary, and integrated with real worlohcerns and approaches (Hadgraft, R. G., 1998).



As Schmidt, x. (1993) analyzed, problem-based lagrstimulates learning through a number of
cognitive areas, e.g., (i) activation of learnepsior knowledge, (ii) elaboration of prior

knowledge through cooperative discussions, (iigtmecturing of knowledge to fit the problem

presented, (iv) construction of an appropriate sgimanetwork through internal discourse, (V)
learning in the scaffolding context of a real-wopdoblem, and (vi) emergence of epistemic
curiosity due to relevance of problem.

Various approaches fwoject-based learningpave been developed and investigated (Barrows, H.,
1986). In the field of product design and enginagrproject-based learning is either an artifact
synthesis process, or an artifact analysis procEssject-based learning is an adequate
pedagogical methodology for design and engineexthgation since it allows a group of learners
to collect, analyze, and synthesize informationjettap alternative problem solving strategies,
and improve their skills and capabilities. Obvi@awvantages of project-based learning are (i) the
opportunity of collaborating productively in teanfs) identifying someone’s own strengths and
weaknesses, (iii) preparation for problem solvimgimfamiliar situations, (iv) enforcing a holistic
approach and thinking, (v) reasoning critically amr@atively, and (vi) committing oneself to
lifelong learning.

2.4. Learners in traditional learning approaches

From the aspect of methodological approaches ditimaal learning, an important feature is the
learner targeted, which can be an individual (oees@n), group (team, class, year) and public
(communities, segment of population). The philogsophindividual oriented approaches is that
learners with different background, interests aapabilities may follow different learning paths
adapted to their personal needs (Twigg, C. A., 200he philosophy of group oriented
approaches puts the dynamic interactions and antigion of multiple learners into the center
and pursues methodologies for a
| full scale exploitation of the
—1 social elements (Barron, B.,
| b ‘ 2000).  Finally, community
| partopatory | oriented learning methodologies
problem-driven \ try to satisfy the learning needs
| _ of large segments of the
‘ learning by doing : . .
| population relying on various
| public media (, ). By combining
| the methodological approaches
‘ with the targeted learners, we can
|
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A further aspect of discussing educational methagiek is form of participation of learners in
the learning process. From this aspect we can teertmethodological approaches into the
categories of passive and active learnifgssive learningmethodologies are directed to
absorption and imprinting, and establish a shom teducator-centered, and isolated educational
practice. Conventional lecture hall and class rquesentations are representatives of passive
learning set-ups.

Active learningreflects the principles and assumptions of thenitmg@ and constructivist
philosophies. Its typical goals are: (a) subswiutiof absorption of information with more
intensive forms of thinking, (b) engaging the leamin a fast-paced and intuitive learning
process and environment, (c) improvement of creaskills, capabilities and competencies, (d)
enhancement of experiences and sharing know-hovach@ve the above goals, active learning
methodologies applied in design and engineeringegiMarious facilitators such as (i) problem-
solving, (ii) systematic inquiry, (iii) task, conteand semantics analysis, (iv) creative synthesis,
(v) application of equipment, tools and computeogoams, (vi) artifact evaluations and
experimentation (vii) literature studies and opeeatresearch, and (viii) discussion forum and
workshop.

In case of active learning, learners are supposddkie a greater responsibility over their own
inquiry and learning, and over the organizatiombft has to be learned or what they prefer to
learn. That is, the tasks of self-management,melivation and self-critique are delegated to the
learners. Learners are, to a large extent, theim educator, and this improves the skills and
capabilities needed to extend the existing knowdeadmd to apply what they have learnt. As
indicated in Figure 3, the fundamental didacticrapph of active learning iearning by doing

It has several manifestations, which have beenritbest by various, often synonymous, terms
such as, self-managed learning, problem-drivenniegs project-based learning, networked
collaborative learning, and so forth. The suppaortitechnologies can be categorized as
conventional and advanced ones (Lowman, J., 1984).

Active learning can involve a single learner oranenunity of learners with homogeneous or
heterogeneous interests in the mind (McConnell1996). Active learning of a single learner
may manifest in a variety of forms, such as coltation with the educator, multi-media study,
and carrying out a personal project. The typicainf® of active learning of teams are cooperative
problem analysis, team and multi-team projectdaking part in real life undertakings. Active
learning seems to offer better opportunities farméng in the emerging knowledge society,
where the dynamics of knowledge is high, and thewarhof knowledge is rapidly growing Due
to the increasing need for new knowledge, thera meed for flexible life-long learning (LLL)
(Oliver, R., 1999). Preparation for LLL involvestidevelopment of the attitude and mentality of
being interested in new knowledge, of generatingwative ideas, making founded decisions,
and the skills needed to co-operate with other lgeapd for solving complex multidisciplinary
problems.

3. DISTANCE LEARNING

3.1. Forms of distance learning

Distance learning is a well-established and woridewtested concept (Keegan 1996). In the
1970s, the open universities in Europe were piongand gave a leadership in distance learning.
Distance education has been defined as “the offeah educational programs designed to



facilitate a learning strategy which does not delp@m day-to-day contact teaching but makes the
best use of the potential of learners to studyhair town” (John, D., 1997). The availability of
remote information communication, let alone consitlee conventional document mailing,
naturally opened the way to participatory educatdmpeople, who were constrained in taking
part in classroom-based education on a daily basis.above mentioned form has been called
paper-based distance education. Since the earlys1®@rsonal computers are intensively used to
support distance learners to process study matefidlese two forms are often referred to as
asynchronous (off-line) distance education.

A characteristic of distance learning that it isabished based on fixed (non-portable/mobile)
technologies. The first generation of infrastruetdor asynchronous distance learningas
physical mailing of pre-recorded lectures or pregalearning materials to individual or group
learners, or using public radio and television Hozest programs as instructional media related to
public distance education. The second generatifsasinucture included digital computers and
CD-ROMs or other digital media. The advantage it tearners can study the content and
execute learning tasks on their computers irresmeof Internet connectivity.

Nowadays, we are using third generation infrastmgtwhich involves computer networks and
interactive technologies. This infrastructure lentdslf to computer network-mediated distance
learning, which enables synchronous (on-line) legrifior those who are away from the physical
school campus. Internet-based distance learninguire=y learners to have reasonably
sophisticated computing facilities and access i, feeliable networks. On the other hand,
Internet and World Wide Web are accessible frontugity all computer platforms. Interactive
remote learning makes it possible for learnerscteedule their time and progress according to
their own learning style. Electronic guides are vided in the form of on-screen helps,
workflows and digital workbooks.

On-line distance learningursues creating a face-to-face interaction, ihalkearners can view
and interact with the educator(s) over a live fédtk face-to-face interaction between educators
and learners is typically based on video- or mediaferencing. Often virtual classrooms or other
advanced virtual environments (e.g. academic Jiruerprise) are established. Most distance
learning programs include a computer-based trai(@®)T) system and communications tools to
produce a virtual classroom. On computer netwoidtadce learning can happens across school
locations, or independent of learners’ location.eWisupported by high-end imaging and virtual
presence, the learners may have the same expengthncthe presentation of the course material
as in the case of classroom lecture and may inteviile the educator(s) in real time via video
conferencing technology. Synchronous distance iegrallows recording the learning sessions
and lectures which can again be studied at atiater A lot of research has been done to find out
which form of virtual presence is needed, whatrtlest effective solutions are, and how virtual
presence influences the educational objectives.

More often than not, off-line distance learningigelon particular implementations of the
instructional methodology, whereas on-line distarearning is based on explorative or
constructive methodologies (Jonassen, D. H. el 885). Modern approaches to on-line distance
learning strongly counts on the active engagemeétearners in the construction of their own
knowledge, and in the understanding of facts, msee and concepts. Collaboration in virtual
learning environments is facilitated by multiple ans, such as live communication and file
exchange tools, shared electronic whiteboards,Téte.recent development of distance learning



environments is exemplified by various groupwaregpams or integrated distributed learning
environments (IDLEs), such as BSCW, WebCT and Biaekd, that support communal learning.

Virtual classrooms have several drawbacks. Theyreshraany of the limitations of the
conventional classroom in that they require leaeibe online at a particular time. The learning
tends to be instructor-led rather than participgtoe. involving learners and educators in a two-
way communication. This negates one of the majmaathges of electronic communication,
which is its ability to offer flexible access. Tdemarning activities, teleconferencing and
videoconferencing supported interactive remoteni@aris still costly and the services are not yet
available openly in every country. Neverthelessaagiobal scale, advanced versions of distance
education is the only viable option to meet theakdng worldwide need for LLL by providing
wider access, lower costs and greater flexibility.

3.2. Social aspects of distance learning

The distance learning methodologies aims at asgistie students to study wherever they want,
and to earn credits and degrees. Three types otlsad the learner have been conceived: (i)
independent learner, (ii) interactive learner, &iiifj collaborative learner. When distance

learning is arranged according to the principlesanistructivist learning, communication, social

negotiation and collaboration with others learneesome important elements of the learning
process. Social negotiation means that learnersv simberest to and inquire about the

understanding and views of the others, jointly explalternative interpretations or possible
solutions for problems, and share the commitmentb responsibility of being successful in the
learning process. As indicated by xxx (), thisnfoof communication requires reflection and

introspection for learners to make sense of thgpesences. Engagement in real world or
authentic tasks anchored or situated in a contesbles the learner to construct personal
meaning from their experiences.

The various activities of distance learning systeras roughly be sorted in the following
categories: (i) course development and design,pfoduction of course contents, (iii) course
delivery, (iv) learner administration, support amssessment, (v) evaluation of the course and
methods, including cybernetic control, instructibae#iectiveness and learner performance and;
and f) research and evaluation of distance learsygjems. Towards optimum outcomes, two
forms of guidance have been applied in associatith synchronous distance learning, tele-
mentoring and tele-tutoring. Tele-mentoring is mel(virtual) mentoring that focuses on the
process of learning and creates helpful, persondlraciprocal relationships between learners
and educators who are separated in space and Tetetutoring is concerned with the correct
processing of learning contents and is orientatechdademic and remedial assistance in a
particular area.

Interestingly, Simmons, J., (2001), argued thamelsonous distance learning is being used
fundamentally as an economic tool, rather than &sehing tool. He claimed that the financial
benefit of distance learning is gained by replacthg educators with technology. Having
developed the course, the contents and method$ogeve need no longer to be present. Second,
on-line courses are not physically limited to theesof a lecture hall. Hence, thousands of
learners may simultaneously enroll in a single seuBut he also observed that asynchronous on-
line distance learning weakens the role of univgnsiofessors as well as academic freedom by
eliminating a large portion of educators, or transfing them into facilitators. Video- or media-
conferencing-based synchronous on-line distanceil@aseems to be a better alternative, though



not without problems. Asynchronous distance leayralows for maximal standardization, and
increasing the flexibility of completing the coussend taking the exams.

4. ELECTRONIC LEARNING

4.1. Concepts and theories

Advanced learning approaches have a complex goakiofy electronic technologies to create
various platforms for flexible learning to intensihe empirical/rational knowledge inquiry and
competence development of learners. Electroniedeaing) is a first stage of the implementation
of this concept. However, the concept of e-leariiag been variously interpreted and defined by
various authors. The different interpretations aéftect different objectives, contexts and levels.
From a technological point of view, e-learning reféo enabling and delivering instructional
content or learning experiences by electronic @mna and digital) technology. From a
methodological point of view, e-learning means abmation of computer-enhanced learning
(training and education) methodologies and knowdedganagement (information and
technology). From an implementation point of viesvlearning can manifest either as local
computer learning (using CD-ROMs and other meda)as web-based on-line learning. The
latter may have a ‘looking outside’ view, where th&ernet contents is used as an extension of
the locally availed learning materials, and a taitcontact’ view, where the Internet is used to
establish channels and share information betweeougstakeholders of education.

Though the idea of e-learning has been around alfapsvo decades, many experts believe that
it is still in its infancy and the development hast been tested by time (Kahiigi, E. K. et al.,
200x). Our literature study explored that part e turrent interpretations are strengthening or
complementing each others, whereas other partngasiing or even conflicting. One reason of
confusions is that e-learning has many similaritiescomputer-mediated distance learning.
Therefore, at the beginning of the 1990s, e-legrmias considered as a means of reducing the
educational costs by providing pre-packaged legrnontents to large populations of learners by
means of electronic networks. In the conceptuatimadf Watanabe, K. (2005), e-learning is a
kind of distance education using the internet anafter information technologies. In the
interpretation of Tyler, K. (2001), it is the abjlito deliver training and education via web-
technology in order to achieve improvement by mtmg current contents anytime and anywhere,
and to offer to the learners a customized, intaracjust-in-time experience. Abram, S., (2003),
defined e-learning as the use of an intranet, drameat, or the Internet to provide training to
individuals in a synchronous or asynchronous méaeording to the definition of Welsh, E. et
al., (2003), e-learning is the use of computer petwechnology, primarily over or through the
Internet, to deliver information and instructioninalividuals.

E-learning has not only similarities, but also eréinces, which distinguish it from distance
learning. For instance, while the location of leagnin case of distance learning is a remote
access place, it can be both local access placecamute access place in case of e-learning. That
is, the widely used description of e-learning astéinet enabled learning” is therefore not
completely correct. The implementation of e-leagnim which the site of production, circulation
and consumption of learning contents is a compuogwork, is often referred to asetwork
learning Though, according to some publications, e-legnian also be implemented on
portable technologies, we consider e-learning agdinnected learning that happens in places
such as classrooms, home and offices, based ah d@munication technology. That is, in our
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interpretation, arbitrary access
A place is not considered as
characteristics of e-learning, but
contextualized contents  Of ~ mobile- and ubiquitous
personalized contents learning. This clarifies why we
talk about wired e-learning
solutions. As it will be discussed
in the rest part of the paper, there
is also a difference in terms of
textand graphics year the technological platforms, set
1990 2000 2010 > of functions, and way of content
delivery. The set of functions
Figure 4 Development of presentation of learningtents  offered by different e-learning
technologies can vary, but in
general, four categories of functions can be idiedti (i) management of resources of the
learning system, (ii) support of contents developiméii) contents composition and availing,
(iv) specific learner assistance, and (v) collaborasupport and management.

tailored programs

learning objects

presentation of content

multi-media

4.2. Technologies and infrastructure

E-learning relies on fixed information and commuanien technologies (landline network) to
deliver learning contents. In its simplest off-life@m, the infrastructure of e-learning is personal
computer (desk-top PC and laptop PC) with standésdalization hardware and electronic
(digital) media. On-line e-learning is based orwaeked desk-top PCs, laptop PCs, tablet PCs,
which are connected to the Internet through laedfiatwork cards, asymmetric digital subscriber
line (ADSL), or to company’s wide area network (WAWNIth wireless transfer channels (Figure
5). The learning process and environment are czgdneither on a one-way (asynchronous) or
on a two-way (synchronous) basis. With regard tguife 2), e-learning as an advanced learning
solution represents an entry level in terms of phevided
methodological flexibility and of the extent of $lasizing
technologies. On the other hand, e-learning hasdaoted Des'géop
new carriers for structuring and presentation dalrrieng
contents such as learning objects and knowledge net

Lap-top

PCs Electronic

learning

Learning objects are knowledge constructs, whigtwa the
content of the learning (Figure 4). They can beespnted in————
various forms including text, graphics, audio/videal other PCs
media, and can be organized into learner and topéented
education modules (Churchill, D., 2007). Learningects PDAS
have been considered by many researchers as nantle Type of connectivity
independent content building elements, such akdiic a
wall . Wiley, x. () pointed at the shortcomings this
interpretation and proposed to regard learning aibjeas
analogous to atoms, for the reason that (i) notyes&om is
combinable with every other atom, (ii) atoms can
assembled only in certain structures prescribethbir own Figure 5 Types of devices and
internal structure, and (iii) some training is rieqd in order connectivity for

to assemble them. electronic learning

Type of device

LAN/WAN
connected
Internet
connected
Wireless net
connected
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E-learning may be orientated to individual, groum aommunity. The concept of knowledge
nets have been introduced to make courseware gaiyeavailable for e-learning systems’ users.
The goal is to make free compilation of learningitemts possible according to the personal
interests, background knowledge, learning attitadd goals of the learners, and making this
content truly available anywhere and anytime intipld formats, while not compromising the
learner experience. Richness, interactiveness ahdr acognitive aspects of thdynamic
coursewareare still issues for further research. But it valdy an important role in the case of
mobile and ubiquitous learning for its potentialréreasing productivity of learning.

4.3. Application methodologies and experiences

E-learning offers practical solutions to involvealeers who have in the past been excluded.
Evidently, an e-learning program or environment udtiobe designed to be a motivating
experience for all learners with different objeesvand backgrounds, and should increase the
learners’ self-efficacy. Typically, (i) flexibilityof accessibility/availability, (i) modularity of
course matters, (iii) individual speed of learni(ig) privacy and comfort of completing courses,
(v) interaction and feedback in alternative fornfg) reduction in training costs, (vii) fast
distribution of the training material, (vii) meey various learning styles, (ix) possibility of
presenting the course material in various form@scustomizing the training according to each
participant’s needs, (xi) evaluation of progressaaaontinuous basis, and (xii) consistent delivery
of the course content are mentioned as major igauesms of the success of e-learning. Piccoli,
G. et al., (2001) also emphasized the importandéetefaction, personalization and control.

An often heard criticism is that many courses @ffieon-line focuses on course completion as a
primary goal, rather than on the extent of pickama quality of understanding of the learners.
This kind of courses tends not to produce the sachéevement as the conventional educational
approaches, unless the participating learners hgote sufficient internal motivation and
determination to acquire knowledge and not jusie¢bthe course done. Most general motivating
factor is the e-learning experience itself, inchgdmeaningful immediate feedback and adaptive
navigation mechanisms. It has been reported thbpalearners showed significantly higher
achievement in nearly all measures after one yean ie-learning program.

On-line e-learning offers many potential benefitemthe traditional learning solutions, but it
also suffers from a couple of limitations. Millet, et al. (2003) pointed at the major concerns
related to the educators’ attitude to and expeeearie-learning: (i) not having sufficient face-to-
face contacts, (i) anxiety caused by the natuk gumantity of information transmitted through
technology, (iii) reluctance of teachers in adogtredagogic changes, (iv) perceived increase of
educators work load in preparing interactive meliapreference of traditional teaching styles,
and (vi) lack of full commitment and support fronanagement support.

Despite the advancement of e-learning tools, themee many open issues of a successful
implementation. These include: (i) pedagogical ulyiteg of how individuals acquire knowledge
and retain skills and information in on-line cowg&arrison, y. and Anderson, x., 2003), (ii)
improving the level of ICT skills of educators atehrners (Graschew, G. et al., 200x), (iii)
reducing the barriers to confidence, comfort, leaimmotivation and social interaction in using
on-line learning technologies (Muilenburg, x., Bergy., (2005). This emphasizes the need for
learning strategies but also enables learnersaitsfier the knowledge across disciplines. Increase
of adaptability and efficiency raises the issueamnbining multiple learning media and ways of
contents delivery, which has been coined as blgndin
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5. MOBILE LEARNING

5.1. Concepts and theories

In our modern time, a lot of changes can be obsenvdife-styles. Mobility, as well as mobile
communication, is playing a very influential roke this. Daily activity programs of humans are
decomposed to a large number of action slots agdnared dynamically for various locations.
Supplying and gathering information, while movingilween locations, has become a commodity.
Learning should also adapt to the changed lifeestyl is supposed to be possible at any time and
place. This explains whyobile learning(m-learning) has in such a short time grown ooitrfre-
learning and has become an self-determining approtflexible learning. The main concern is
how the conventional educational institutions caovge the platform, contents and stimulation
for learning of an increasingly mobile populatidine primary objective of mobile learning has
been to move from the wired learning environmenttaafay to the wireless virtual learning
environment of tomorrow. Wagner, x. (2007) defirmdlearning as learning or delivery of
content by mobile communication technologies (MCI@®) public learners. Current MCTs
provide not only location and time independent asde learning systems and contents, but also
different learning experiences.

As indicated by the huge variety of interpretatiomsd definitions we found, m-leaning
apparently means different things for different commities. In addition, the distinction between
e-learning and m-learning is blurred in many pudilmns. M-learning inherited several of its
features from distance education and remote (@)-kalearning, but it has its distinctive feature,
which are increasing the learners' geographicadmen. In addition, m-learning utilizes the
opportunities offered by portable technologies amabile devices, enables personalized learning
across locations, and puts learning into and abmymexts. According to Laouris, Y. and
Eteokleous, N. (2005), e-learning can be descripederms, such as hyperlinked, interactive,
adaptive, multimedia-based and media-rich, whemedsarning can be described as connected,
situated, informal, personal, intimate, spontaneand lightweight. Kukulska-Hulme, A. and
Traxler, J. (2007) identified some emerging catexgoof mobile learning: (i) technology-driven
mobile learning, (ii) miniature but portable e-leiaug, (iii) connected classroom learning, (iv)
informal, personalized and situated mobile learn{myymobile training/performance support, and
(vi) remote/rural/development mobile learning.

The rapid proliferation of mobile communication teologies have lent itself to the emergence
of the concept of truly mobile learning. The fo@miscurrent m-learning system developments is
on the mobility of the learner and on the accelsilof the learning material from any place and
any time, based on a wide assortment of mobile coniration technologies. In terms of the
pedagogical issues, there are four centers of tgray) generally useable mobile environments,
(i) learning objectives and methodologies, (iiigatning contexts for mobile learning
sessions/courses, (iii) learning experiences ofilmdgarners. These all are wide ranging issues.
For instance, the issue of generally useable meléonments decomposes to topics such as (i)
practical manifestation of mobility itself, (ii) fierent user profiles and their roles, (iii) user
interfaces and learning aids, (iv) use of learnidigital and traditional resources, (V)
appropriateness of media objects, (iv) supporoofimunication of learners and educators.
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5.2. Technologies and infrastructure

Mobile learning takes advantage of learning opputies offered by portable and wireless
technologies, but it does not fully abandon fixemmemunication technologies. It creates a
heterogeneity in terms of the mobile devices. Altyudhis needs further articulation because
availing electronic media and facilitation of dagjitdistance communication may happen in
multiply forms. Currently, four categories of deéccan be identified as elements of mobile-
learning platforms: (i) conventional portable congra (such as lap-top PCs, pocket PCs, tablet
PCs, palm PCs, etc.), (ii) mobile communicationides (such as mobile phones, smart phones,
etc), (iii) digital assistance devices (PDAs, iPodsc), and (iv) embedded communication
devices (GPS, etc). Connectivity among the portaleldces is established through (i) wireless
Internet, wireless local area networks (WLANS), aNdeless Application Protocol (WAP) (ii)
mobile phone networks, such as Global System fobiMdCommunications (GSM) and General
Packet Radio Service (GPRS) (iii) local ad-hoc meks, based on IEEE 802.11, Wi-Fi,
Bluetooth and Infrared Data Association (IrDA), dng satellite networks (Figure 6).

The current generation of mobile communication efides suffer from many limitations such as
() limited memory and background storage, (ii) {sized and low resolution displays (screens),
(iif) too small and to many press- or touch butto¢g) limited cross-platform operation and
transmission, (v) limited device interoperation) poor connection to network hosted learning
and content management systems, (vi) unsolvedqgyrigad security issues, (vii) invariably high
start-up and operational costs, (vii) connectivityith and using graphical engineering
application packages, (x) tracking intermittentss@ss and results is difficult, and (xi) multiple
permissions for access. Compared to desktop PCs#, shanobile technologies and devices are
of lower prices, but also are smaller size andrmeth capabilities. They can be easily carried,
but their information processing capabilities arfgrmances are still limited, in comparison
with portable computers. The most obvious obst&clthe limited memory of current mobile
devices. Latest mobile phones have typically 2-4 M&mory. Recent palm devices come with
up to 64 MB of memory, which can be extended S8 Digital) slot. This does not allow to
run application programs, or to store digital
material from the wireless Internet or other sosr--

Even more robust PDAs can handle only 2-8 [ o abe
information. On the other hand, researchers h| computers
signalized that handheld mobile phones will he

much more capabilites and may become Mobile
. . . . . communicators [0 .
dominant device for mobile learning in the nex E Molggfnmg
years. Digital §
. fpat istant [
As the focus is shifting to the use of handhl """ f&

devices for mobile learning, the other techni —

capabilities are also becoming important. Curr| communicators
mobile technologies suffer not only from limite
local data storage capacity, but also from limi
transfer speed, constraints of visual presenta
and sensitivity to digital biases. Limitation inmes

of visualization comes from the small screen si
low resolution, and the orientation of screen, \wh Figure 6 Types of devices and

make the imaging of large pictures, interacti connectivity for mobile learning

Type of connectivity

networked
Wireless
\internet
Satellite

connected
Ad-hoc

networked

Mobile phone
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with complex images, reading of long texts and ttipg of large amount of data difficult. The
size proportions of displays are also differentttadse for laptop devices. As a consequence,
screen images should be re-sized for proper digpiahe screen of a mobile device, which often
leads to loss of information, and the navigatistalctures (menus, interaction elements) should
be adapted. This emphasizes the need not onlynf@areements, but also for standardization that
is lagging behind even in the area of networkingblNe learning faces the problem of network
heterogeneity, just consider the protocols of wihetgrnet, mobile phone networks, local area
networks, short range wireless communication.

Low, L., (2007) reviewed the various mobile hardeyasoftware, transfer and interface

developments and provided a rather comprehensizeMain issues related to research in mobile
educational technologies have been addressed Ighfieid, A. et al, 2007). It seems to be

necessary for educators to learn about wirelessnaobile technologies, the related national

pedagogical policies and international approachemsi the principles and strategies of

development and application. On the one hand, tiseseneed for low-cost sustainable solutions
that fulfils the needs of a large population. Tleayn be based on off-line devices (e.g. Palm,
Game Boys, etc) that download learning contentshfeocomputer/network and store them on

local memories (USB, cartridge). On the other hatitkre is a need for large scale

implementations reaching over institutions, disog$ and subjects. In the near future this can be
based on portable computers, or on ultra-mobilesqgeal computers (UMPCs), which can

provide interactions with a server or online mamhdgarning systems in real time and can

include interactive multimedia resources too. Mihag depends upon media-convergence when
data, voice and video are handled over a singlareiar a limited bunch of channel.

Assuming steadily improving technological capata@titand decreasing cost, mobile phones are
emerging as a viable option for mobile learning. #8s now, apparently personal digital
assistants (PDAs) are the most popular in educafmninstance, in ‘just-in-time’ employee
training, guide-based study tours, and field stadighey were also used in assessment exams to
test learners’ knowledge based on downloadablesahiguestions, and then report their results.
Tablet PCs are also popular due to the versatitigt originates fro the combination of the
functionality of a laptop and a PDA. Services, sashGPRS, are currently relatively expensive,
but the connection fees may progressively decrgagbe coming years. In case of wireless
networks, the bandwidth is usually relatively lowdathere are limits on the sizes of the
transferable multimedia files. Mobile learning ngeeww content presentation technologies too.
One proposal is Cybertext that can incorporate lgeapand sounds, in addition to text and
hypertext, such as a home page, a computer progrzaweb document, a network service, a
database query (Aarseth, E., (1997). Another resois Sharable Content Object Reference
Model (SCORM), which is a set of specificationsttigaides learning system developers to
chunk course content into small, reusable learmbgcts. SCORM-compliant objects can be
easily merged with other compatible learning olged¢veloped by various authoring tools in
highly modular courseware.

5.3. Application methodologies and experiences

In comparison with desk-top computer-based or cderpnetwork hosted e-learning, mobile
learning offers a higher level of mobility for leers. Continuous technology development
stimulates changing to a life-style which adapts uticonstrained media accessibility and
communication. People can get rid and out of tbéfices and homes, and still continue to be
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logged onto the office’s telecommunications netwarkl to be a member of an information and
communication society. This phenomenon was depibtedittali (1980) with the notion of
nomad. This is a new study field for social scigmnti

The rapid development of mobile technologies createttractive platform for m-learning, but

the pace of developing application methodologidsuger (Attewell, J., 2004). Important is that

m-learning creates not only enhancements for pudoid higher education, but it also allows
genuine new forms and approaches of flexible legrfArmatas et al. 2005). Experts tend to
agree that mobile learning does not mean to sinaplgpt pedagogical contents to portable
communication devices, but rather to use the pisigd offered by these devices in an

innovative and efficient way. Being emergent AL®yexal test facilities have been built to

evaluate m-learning as a knowledge transfer mediucampus, or towards specialized groups of
learners ().

As a matter of fact, mobile learning has not yetrbéully adopted as a learning methodology
(Kinshuk, x. et al. 2003). M-learning is supposed dffer both proximal and personalized
learning opportunities. Wang, x., () proposediaking model can be a basis of personalized m-
learning. He identified six aspects of defining easining context: (i) identity of users, (ii)
learner's characteristics, (iii) learning activifffy) remote collaboration, (v) spatio-temporal
dimension, and (vi) technological facilities [1d]he first four of these establish the situational
contexts of m-learning, and the last two are asgedi with the environmental context. In
proximal learning the contents or delivery are rfiedi according to the learner’s geographical
location and learning needs in a particular rdal-tiontext. The dynamics of learning process
assumes that learning sessions are relatively £@30 minutes), even broken down to learning
episodes of just few minutes or less, and the &ashould be able to seamlessly connect and
integrate them.

M-learning has been found useful to (i) recognixisteng abilities and knowledge of learners,
(i) identify areas where they need assistance saupport, (iii) improve learners’ literacy and
numeracy skill, (iv) encourage independent andabaltative learning experiences, (iv) reduce
the fear of using digital technologies, (v) elintm#he reluctance towards formal educational set-
ups, (vi) conduct self-managed learning in multipdgeation loops, and (vii) raise self-esteem and
self-confidence. Learners can read digital readiragerials, listen to audio explanations, watch
streamed video material recurrently, follow pread@ohs, exchange information with fellow
learners, process drills, complete questionersdartests.

6. UBIQUITOUS LEARNING

6.1. Concepts and theories

The term ‘ubiquitous computing’ has been coineddscribe an everywhere presence of applied
information technology and its widespread use ia phrofessional and public applications
(Lyytien, K., Yoo Y., 2002). Ubiquitous technologiare a set of ICT technologies which enable
us to seamlessly utilize huge amounts and variaugskof “functional objects” anywhere and
anytime. This paradigm of computing and the assedidgechnologies are still in a premature
phase of their development, but they have alregugned up new perspectives in terms of
utilization of computing capacities, detecting apobcessing surrounding information, and
providing personalized services. Ubiquitous computdoes not consider computers as well-
defined processing nodes of digital networks, bst faciliies making computing and
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communication available in all facets of everyddg. llt involves several technical approaches
which specialized themselves in embedded, portablearable and communicatable
implementations, serving as alternative technokdgiatforms for ubiquitous learning.

The concept of ubiquitous learning (u-learningy@ing and immature. It is facilitated by the
paradigm and the rapidly advancing technologiesewérywhere present computing and
communication. On the other hand, its evolutioralso stimulated by the growing need for
alternative forms of learning and the endeavoiirid the ultimate solution for flexible learning.
Note that in the context of education, the adequddhe term ‘ubiquitous’ is often questioned
for the reason that this word does not expressattizve involvement of human parties, the
tendencies to forming communities, and the relatedlia-based services. Ubiquitous learning
environments raise the issue of context-awarernbas;s, the capability to sense the status and
situation of the learners and provide them withpaida contents and supports (Hwang, G.-J. et
al., 2008).

Ubiquitous learning extends mobile learning witle #toncept of learning across contexts in a
mobile society, which is facilitated by the useubfquitous communication means. The objective
of u-learning is bringing the right learning intetian at the right time in the right situation teet
learner. In terms of the level of mobility, ubiquis learning and mobile learning offer
practically the same freedom, but ubiquitous leagnnvolves higher level of embeddedness than
mobile learning. This comes from sensing the cdnibgxwireless communication sensors which
detect and collect users and environment informatio

6.2. Technologies and infrastructure

Ubiquitous learning relies on a very wide spectroinportable, mobile, wireless, wearable and
embedded computers and transmitters. The informatpocessing devices and the
communication network remains to be the
two main ingredients of technologici
infrastructure of u-learning, but they wi Portable
turn up in somewhat different form:l—2V
Ubiquitous information processing will b ——
integrated not only into portable and ha| communicators
held electronic devices, but also into hot o

. . - Ubiquitous
and office appliances, garments, a| Ambient learning
personal accessories. In addition ~[Sommumeatrs
processing information in various med
forms, they can also directly COMMUNICE| comonrs
with each other, concurrently forming tt
units of a local network and of a glob| Embedded
network. We can anticipate a larg Sommuneators Type of connectivity
heterogeneity of the ubiquities devices a
communicators at least in the coming dec:
The variety of them will be even higher th
that of mobile devices. This arsenal
devices will involve all sort of portabl
computers, networked mobile phones, PD
PalmPilots, smart digital cameras, mel

Type of device

Sensor network
connected
Ad-hoc network
connected
Wireless
networked
LAN/WAN
connected
Internet:
connected

Figure 7 Types of devices and connectivity for
ubiquitous learning
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players, and even handheld gaming tools, such agBlG

With respect to communication networks, the majffeence will be heterogeneity and ad hoc
formation. The first means that the network wilt hi@ based on a single technology, but on a
combination of complementary technologies. Obviputiis heterogeneity will be invisible for
the users of learning services. From the aspettteofechnology, it requires seamless integration
and synergic operation. As an infrastructure, teévork is supposed to have some sort of
intelligence to select the most suitable technolagy the best way of operation. The second
means that the network is not predefined, but foraexording to the demands and opportunities.
Various concepts of ad-hoc networks will be implated in a dynamically changing network
topology. In these ad-hoc networks fixed and molnitgles and network segments will be
interconnected. The nodes act as a router andtezdea other nodes, forming a wireless mesh
network. Likewise, emerging wireless sensor netwowhose nodes will be devices with sensing
and processing capabilities. It is expected thesehnetworks will merge in so called hybrid ad-
hoc networks in the near future. They may alsonpoate other types of mobile networks such
as vehicular, personal and ambient networks.

6.3. Application methodologies and experiences

Ubiquitous learning must be seen from the viewpahtboth developed societies and the
underdeveloped societies, and these two viewpairdscompletely different. In the developed
countries, u-learning is just another enabler df-veing and adaptation of learning to life-styles,
whereas in the underdeveloped countries it is s&ean elementary necessity and a potential
means to fight against illiteracy and exclusioncéwling to certain estimatiothere were over
three billion people whose education was in onenfor another restricted (Dhanarajan, 2001). eséichat
that, illiterate, or in need of retraining. Moe, (2002) reported that there are only 10 countriest t
presently provide higher education to one-thirdmmre of their college-age populations. Demographics
indicate that absolute numbers of learners, thebeuraf learners as a percentage of total populasiod
average age of learners, will increase over thd B8xyears. Population growth, increased economic
activity, and growing demand for white-collar workewill create an unequalled demand for higher
education.

Currently, the most consolidated field of applioatof u-learning is language learning (Yannick,
J., 2007). It has been confirmed by several rebeascthat this is a particularly well suited
application field to this medium (Jacquinot, Y. K&hashi, S., Tanaka, J., 200x). Unfortunately,
the concept of u-learning has yet not been testedther application fields since they are
currently emerging or are under exploration. Immgeatation and application of u-learning have
brought up numerous new research issues, suchsassded above, related to mobile-learning.
One of the specific research topics associated wittarning is the understanding the learner’s
context in any situation. In the literature, hardlgyy methodological proposals are available,
which would address the specificities of u-learni@g the other hand there are many discussions
on the probable influences of technological develepts such as digital paper, foldable screens,
wearable sensors, processors and communicatorsermitelligence and knowledge transfer
networks (KTNS).

Ubiquitous learning raises many education philogmhissues, not only technological ones.
Perhaps the main issue is if we should rework cetepl of our ideas about education and
frameworks of education when moving from traditiblearning environments into fully digital

education platforms of the future. Just as compgulteve transformed the office in the last 20
years, ubiquitous learning solution will most likgkansform the paradigm of car in the next

18



decade. In other words, as workplaces have beasftraned by computers to learning places,
the same can be expected to happen with cars dmat wehicles. The issue of learning in
vehicles guides the attention to many new rese#wpits, such as attention grounding and
theoretical frameworks for in-vehicle informatioysgem development.

Towards a full scale implementation of ubiquitowsmputing, the following advancements are
expected:

- widespread acceptance and daily use of cost-efeeatarry-on (hand-held, packet, and
clothing mounted) digital sensing, processing asmdmunication technologies

- integrated heterogeneous networks with seamlessitian between the satellite, terrestrial,
wireless, mobile, and ad hoc segments

- invisible platform management, standardized knogdetepositories, and intuitive interfaces
in order to avoid the user should bother with liekhnology

- tailored learning packages, progress stimulatingvises and scenarios for various
communities of users

- support of comprehension and understanding withnitiwg digital means such as
personalized avatars, supervisor agents and gealliknowledge/information mining tools.

7. CONCLUSIONS AND FUTURE PERSPECTIVES

We are living in the age of emergence of knowledgmnomies, technology-induced
globalization, and strive for all-inclusive well ing. In the cyber-culture of the knowledge
society, education is becoming an extremely immarissue. In the last four decades, shift from
the instructive educational methodologies to thel@mative and constructive educational
methodologies could be observed. This shift is alsofirmed by a large number of literature
sources. The rapid development of wired and wiselestworked computing/communication
devices has created a solid basis for advanceimgasolutions, such as electronic, mobile and
ubiquitous learning. The latter two have actualhariched off from electronic learning, and
established themselves as self-defining approadifes.current trend is that e-learning research
and practice are blending various electronic foofnsiedia and communication with face-to-face
instruction and elements of traditional distancecadion.

E-learning is strongly associated with advancedhieg solutions (ALSs), which deal with both
the technologies and associated methodologiesamileg using multimedia and/or networked
technologies. M-learning has the potential to imprefficiency in the education sector and
expand educational opportunities to underservednoamities in remote areas. However, it is a
prerequisite that sufficient infrastructure mustdstablished, innovative policies administered,
curriculum and content developed, school admirtisina reorganized and teacher training
conducted, ICT services expanded before m-learpmgrams can be implemented. Dedicated
devices and networks for mobile learning platforiase a number of challenges and obstacles
that must be overcome before the full potentiahobile and ubiquitous learning can be realized.
Learning in a mobile society puts the focus of aegslke on how society and its institutions can
accommodate and support the learning of an inerggsmobile population.
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