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Abstract: The common understanding of e-learning has shiftest the last decade from
the traditional learning objects portals to leagnparadigms that enforces constructivism,
discovery learning and social collaboration. Sugbetof learning takes place outside the
formal academic settings (e.g., seminars or lesjumbere a learning environment is created
by using some kind of web application mashup toble use of these mashup tools moves
the learning environment further away from beingi@nolithic platform towards providing
an open set of learning tools, an unrestricted rarndd actors, and an open corpus of
artifacts, either pre-existing or created by tharnéeng process — freely combinable and
utilizable by learners within their learning acties. However, collaboration, mashup and
contextualization can only be supported throughvises, which can be created and
modified dynamically based on middlewares to shé turrent needs and situations of
learners. This article identifies middlewares dalgdor creating effective personal learning
environment based on Web 2.0 mashup tools. Thiglearalso proposed a general
framework for constructing such personal learninvi/mnments based on Ambient
Learning realized by learning agents and the ugntérprise Mashup servers.

Keywords. enterprise mashup; personal learning environmert) \2/0; ambient learning;
learning agents
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1. Introduction: Understanding the Nature of Mashup Services

The emerging paradigm of Web 2.0 is transformiraglitronal Internet from a mass media to a
social media mode. The fundamental communicatie@mgse in social media mode is one-to-one
personal communication. This type of new commuiocastyle revolutionized learning and identified
new breed of learners. According to Hart [1], tlesvrtype learners are identified through the follogyi
features:

» Learners who prefer hyperlinked information thathes from many sources.

» Learners with multiple skilled and interacting withers.

» They are highly visual learners, preferring to gsscpictures, sounds, and video rather than text.

» They are experiential learners who learn by dispoxether than being “told.”

» They are very social, and love to share with othEngy enjoy working in teams.

» They are happy to take on different roles in thearning (e.g. student, facilitator).

» They prefer to learn “just in time.”

» They need immediate feedback, responsiveness aad ftbm others

» They are very independent learners;.

» They prefer to construct their own learning by agséng and mashing information.

However, “placing such learners and relationshiptha center of informational space will have a
profound influence at all levels of academia. Il whange the way we relate to knowledge and
information; the way we do research and evaluatdibility; the way educators and students interact
with each other; and the way students learn torbfegsionals in their chosen disciplines” [2]. Ireldv
2.0 paradigm, applications are delivered throughb\hM@wsers and the applications are responsive to
users through rich application interfaces, ofterluding pre-built application components or service
widgets. Mashups are the essence of such appheatid mashup is a website, a service or an
application that combines content from more thae gource into an integrated product. Today
mashups are very common as the new authoring tuds middlewares are being developed that
enables building new products without much programgmAs tools and middlewares like these
become more robust, we will see increasing useasthups in teaching and learning. There are many
mash-up applications, such as map mash-up (Yahip&ls Rhttp://pipes.yahoo.com/pipes/), Google
Earth (http://earth.google.com/)), Video Mash-Upwiwwikieducator.org) and News Mash-Up
(www.feedchronicle.com). However, how to mash uiprimation effectively is a challenging issue.
For this reason, the 2008 Horizon Report [2] cfessimashups into three categories with increasing
level of semantics awareness. Figure 1 illustriitese categories.

Regardless of the mashup category is, it gendpallg down to the following architectural issues:

» Accessing the enterprise services and data repiesito

» Using Web-based mashups (e.g. using Software asvec€ (SaaS)),

» Using User-friendly assembly models,

» Using mashup management and maintenance module,

* Using modules for enterprise mashup security.
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Figure 1. Increasing Levels of Mashup Semantic Awareness.
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These issues simply mean that any mashup servict bei based on some sort of content
aggregation technologies. The traditional cont@gregation technology was until recently based on
Portals andPortlets. Portals are designed as an extension to traditdynamic Web applications, in
which the process of converting data content intrked-up Web pages is split into two phases -
generation of markup "fragments" and aggregatiotheffragments into pages. Each markup fragment
iIs generated by a "portlet”, and the portal combitieem into a single Web page. Portlets may be
hosted locally on the portal server or remotelyamother server. However, the portal technology is
about server-side, presentation-tier aggregatiohitatannot be used easily to drive more robush$or
of application integration. Mashup services are anloosely defined where content aggregation can
take place either on the server or on the cliedé.siTrhe base standards for the mashup content
aggregation are the XML interchanged as REST (Rigmtational State Transfer) or Web Services.
Lightweight protocols for content aggregation sashRSS (Really Simple Syndication) and Atom are
commonly used for the purpose of facilitating thggragation of contents. The major difference
between portals and mashups is in the way conteservices composition is administered. Portals
achieve composition through the use of applicaserver as a mediator between a client browser and
services. Mashups, however, perform compositioactly from the end user’s browser. Although the
client-side architecture helps mitigate a perforogaproblem by avoiding the use of the application
server, it can introduce its own problems in theigle use and maintenance of mashup applications
where often such application users find particigain mash-up process as time-consuming or even a
trouble. To address this problem, mashup middlesvarevide better support for the users to mash-up
or enjoy the result of mash-up. Certainly mashupldiewares have been used for promoting
Personalized Learning Environments (PLEs) [3], whiérhelps the learners in utilizing open and
heterogeneous set of learning tools to connect widbh other into a learning network and to
collaborate with other actors on shared artifatdagdifferent learning activities [4]. The pedagay
motivations behindising mashups within PLEs are obvious as learr@re different learning styles,
background knowledge, interests and alternativduéoo of their learning over time, which makes
ineffective offering the same packaged course thdaarner. Learning should be a user-centred
process focused on learning activities adapte@damer’'s needs and preferences [5]. Experiments on
using mashups for the MUPPLE PLE [6] in writing@laborative article, for example, showed quite
promising success in creating a comprehensive ilgpenmvironment. There reasons for such success
compared to the traditional instructional techngjaan be summarized as follows:
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* There is no ‘perfect’ instructional designer: arvimnment can only be planned for the average
learner, not the individual. Learners need to atyivadapt their learning environment to their
needs so that they can construct the competencesssagy for successful learning. And
facilitators can coach them on this way. Learneosgtively have to take account of their learning
environment [6].

» Learners can develop the judgments and skillgenalty necessary for using new technologies in a
rapidly changing society [7]. A response to pedagagproaches which require that learner’s e-
learning systems need to be under the controleofdirners themselves [8].

* Mashups enables web services to be combined muaoh tightly so that data from one is used to
access information in another. This will enablerdeas to create larger learning services and
applications [9].

PLEs are not an entity, structural object or sofemaogram in the sense of a learning management
system. Essentially, they are a collection of tpbl®ought together under the conceptual notion of
openness, interoperability, and learner controlsésh, they are comprised of two elements - thistoo
and the conceptual notions that drive how and wbyselect individual parts. The tools are mainly
Web 2.0 tools supporting collaborative and socitworking services. The conceptual notions are
what users try to achieve with offered servicesndée PLEs are a concept-entity and they are very
personalized and individual. Compared with the itiawclal Virtual Learning Environments (VLES)
where most of the educational institutions useiittheir formal learning, PLEs provide the new leve
of learning that is required by the new type ofrieas. Although there are many models for
implementing PLEs where mashups can be one ofigpasting services (e.g. Jafari [10], PLEF [11],
PLEX [12], ELGG (http://elgg.org/), Webtop [13])uch models require a middleware to enable
collaboration and mashup services. In the nextmgcthe article shed some light on the notion of
mashup middlewares.

2. Mashup Middlewares

A mashup middleware can hav@ramitive or composite architectural structure. The most primitive
mashup middleware contains only a feed reader. Fexample, Google Reader
(www.google.com/reader) is a primitive mashup nesdire that can follow the feeds from other web
sites and inform the user for any news transmittethe feed (i.e. latest information added on some
web site via RSS or Atom). One can insert feedSangle Reader and later read the news from there
without the need to go to the specific web siteo@e Reader is very useful middleware because it
saves mashup clients lot of time and delivers médron which the client has interested in. Eveim if
case that the provided information is just too muohe can use tags or folders to organize such
provided information as Google Reader enables $lee 10 assign such tags to different feeds, so that
the information can have some structure and islyepsirceived. However, one can build on this
primitive mashup middleware, for example by addsiegne sort of context and makes the feed reader
aware of the user mashup needs. Many mashup midddsyust try to do that (e.g. the PLATE System
[14]). A very simple example is provided by MitkoeBev [15] where he used Google Reader in
conjunction with Netvibes aggregator (www.netvilbesa). In this direction, you need first to set up
your start page in Netvibes and it creates tabshvhorrespond to different contexts such as work,
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home, hobby and web applications. Then insert ydowgle Reader feeds at the appropriate tabs. In
this way you solved both the problem associatetl thi¢ linear presentation of information as well as
the lack of context. Netvibes allows you to arratiggelements of the start page spatially. Reattiag
feeds in context helps you filter, assimilate aethember the useful items. However, not all the
composite middlewares are as simple as Google Régteibes. Most commonly, composite
middlewares represent &mterprise Mashup Infrastructure with the following components:

« Services and information produced in a format ttaat be mashed, such as RSS/Atom, Web

services, or REST

+ Visualization components such as portlets, widgetd, gadgets

« A tool to compose the mashup and wire componegtsther

« A robust infrastructure to manage all the changkraaw combinations

Examples of Enterprise Mashups include JackBe (Jaokbe.com), Mainsoft SharePoint
Federator and IBM WebSphere Portal (www.mainsaft);o Oracle Fusion Middleware
(www.oracle.com/middleware), WSO2 Middleware (hitpso2.com), Kapow Mashup Server
(www.kapowtech.com), Snaplogic (www.snaplogic.org) and Apache XAP
(http://incubator.apache.org/xap/). Generally, ¢hare two main components that can be identified at
any Enterprise Mashup infrastructure: Mashup builded Mashup Enabler. The mashup builder
produces the user interface of the resulting maghrtgugh connecting several required widgets to
create a composite application. The mashup enablessing the mashed-up unstructured data and
makes the internal and external resources availzdded on REST, RSS or Atom. Both components
may be called an Enterprise Mashup Server. Figulla2rates the way the Enterprise Mashup Server
works as a middleware and Figure 3 illustrategyireeral structure of Enterprise Mashup Server.

The 2008 Horizon Report [2] calls the Enterpriseshlgp as the Social Operating System as it
represents the basic organization of the netwaskirat people, rather than around content. However,
the architecture of such social operating systecoimes more complex as the degree of semantic
awareness increases as well as with the incredsggglom of social connectivity ((e.g. across
enterprises as in ti@oud paradigm[16]).

Figure 2. Enterprise Mashup Server as a Middleware.
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Figure 3. The Main Components of Enterprise Mashup Server.
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2.1. Experimenting with the Apache XAP Enterprise Mashup Server

XAP (Extensible AJAX (Asynchronous JavaScript andlXY Platform) provides an XML-based
framework for building, deploying and maintainingh, interactive, Ajax-powered web applications.
A basic principal of XAP is to leverage existinga&jprojects such as Dojo (i.e. providing primitives
for supporting OpenAjax and its secure mashup sesyj as well as other community efforts such
as Eclipse ATF (Ajax Toolkit Framework). Completel{tensible, XAP can plug-in any Ajax toolkits
Or you can create your own components to extendrnakup language. By using XAL, Nexaweb's
declarative markup language, the amount of scgptaquired is dramatically reduced, solving key
development and maintenance challenges associathd Ajax programming. XAP can also be
considered as an Enterprise Mashup Server. XAPpara client-side runtime that is implemented
using Ajax. It supports popular modern browsers ead work with any server side environments.
XAP defines presentation and data binding in XMang with client side event handling using what is
called MCOs (Managed Code Objects) code. An MCCeasdised to reference functions in Javascript
or JSP files when XAP inspect the programming c&esically what MCOs tries to do is to connect
to various servers via the SOAP protocol. Figurdustrates how the user communicates with the
MCOs via the user application interface.
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Figure 4. Communication through XAP Rich Client.
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However, you do not need to understand all therprogiing details of writing XAP programs and
communicating with MCOs if you use the Nexaweb &tug@vww.nexaweb.com), which provides
seamless XAP project creation as well as full cardf the code and functionality. Figure 5 illusas
the Nexaweb Studio where it has been used to cerat€AP application (called Get-Weather) to
check the weather conditions of a given city. Whiea “Get Weather” button is clicked the XAP
application builds a SOAP message based on tha& gitye name provided in the text box and send it
to the city MCO. When SOAP response is receiveddibplay is updated using the XAP OpenAJAX
where only the weather information area is refrdglsee Figure 6 (a)). However, we can add more to
this textual result by mashing-up the map of thg @n an area next to the weather textual reskds.
this purpose, we can press the “Generate Map Lnokton and similarly by providing the latitude and
longitude of the city, through SOAP and the relevtCO code, XAP builds a link with that
information (see Figure 6 (b)) and accordingly andww is opened to show the city map through
Google Maps.

Figure5. Using the Nexaweb Studio to Design a Weather Magpgdication.
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Figure 6. Mashing up the Weather Information then the CitypMa
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However, you can follow two easy tutorials from Ideseb which can enable you to build your
similar mashup applications:

Nexaweb Tutorial 1. http://www.nexaweb.com/home/us.dev/index.html@&@P6.html,

Nexaweb Tutorial 2. http://www.nexaweb.com/home/us.dev/index.htmig&B89.htm.

3. Towards Using Mashups for Personal L earning Environments

Learning plays an ever increasing role in our liwéth the growing need for knowledge acquisition
and the faster information overload cycles. Fotwees, we have considered it appropriate to deleoup
learning from daily life and to emphasize it in sjpdized educational institutions. Increasingly, we
find it important to re-connect learning with dallfe: learning happens at freely chosen times and
locations, in the work-life and daily-life processehich stimulate us to learn: learning becomes
ambient. Ambient Learning and Ambient Intelligerex@ promising concepts for new methods of
learning and in particular for adapted, comprehensind personalized learning environments [17].
These concepts help learners and institutions &p kg with the rapidly changing knowledge-based
economy. Ambient learning is designed to facilitateess to high quality e-learning material tadiore
to the needs of an individual learner. These neeelsletermined by the time, place, pace and context
that best suits the individual learner. Ambientiéag through the provision of content integratamd
composition allows access to, new e-learning nateas well as existing catalogues/e-learning
resources [18]. Although ambient learning is basedmbient Intelligence Technologies (Aml) [19]
its use is not only limited to rooms and buildingsabient learning is taking new dimensions as it ca
be realized by technologies that combine both Amthiigtelligence and collaborative learning through
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Web 2.0 technologies. The basic advantage of usimbin any application is to enhance interactions
between objects. However, the social focus/pergmedf the Aml research is largely neglected.
Instead of enhancing interactions with technoldgichjects, there is a need for possible Aml
applications that can enhance interactions witlkerogieople [20]. Enhancing the interactions among
people contributes to what is currently termed las Social Ambient Intelligence or Ambient
Awareness [21]. Actually, the notion of ambient esveess has its roots in ideas of constructivism and
discovery-learning [22]. Constructivism and Discgvéearning is an inquiry-based, constructivist
learning theory that takes place in problem sohditigations where the learner draws on his or gr o
past experience and existing knowledge or relatissto discover facts and relationships and new
truths to be learned. Although constructivism i$ agarticular pedagogy, it can be used to promote
active learning if it can be associated with sorog sf intelligent discovery like Aml or ambient
awareness. However, central to the ambient awasaesearch is the use of Web 2.0 techniques. In
fact, the Web 2.0 approach has revolutionized thg we use the web and certainly, it can have major
positive impact on the Aml research. On one handp\®.0 enables the active participation of users
with new contents such as wiki pages, blogs orneniinultimedia. On the other hand, Web 2.0
transforms the Web into an application-enablingfpten. Enter prise Mashups, one of the hottest Web
2.0 technologies today, could affect your ambieatring in a very positive way. Before the entegri
mashup, the user had to sign in to several apgit@tnd go to different Web sites to manuallyesill
the information and then try to make sense of lite Enterprise mashup web application overcomes
this hassle in an elegant way and allows the wsdatness more of the collective intelligence ia th
enterprise to make better decisions. Mashups Ha/®pportunity to increases the strategic value of
learning—by delivering enriched information to wsefand reduce time cycles spent on custom
development. However, mashups have been aroungetos and the concept of the end-user being
able to easily ‘drag-drop’ and put together a hdokp application within minutes has not become a
reality- and this is what is causing a major olsta€or mashups to really take off, we need tolile a

to capture the context of information. Informatisecomes relevant and more useful when it is placed
in the right context. If a Mashup can leveragearhe form of social context, it would then be alule t
provide the relevant information to the user. lis tirection, social mashups are a new trend Hietst
the traditional mashup one-step further. Ultimatelyan enterprise, social interaction is a keyt pér
how information is tied together and increasinglgrenrelevant to how individuals want to visualize
information. Hence, linking people, processes amfdrimation through mashing can creates a real
social enterprise mashup. On one hand, mashugsebyery definition, involve a man-in-the-middle
and rely on RESTful communication protocols. On dliger hand, ambient learning aims at seamless
delivery of ubiquitous services, continuous comroations and intelligent user interfaces and context
awareness. In this sense, ambient learning systestwto provide autonomy, distribution, adaptation
pro-activeness and responsiveness as the key tdrasacs, which are similar to the characteristics
learning agents [23]. Learning Agents are comppitegrams capable of flexible autonomous actions
in a dynamic environment and are apparently a Isleitehoice for implementing ambient intelligence
systems [24]. In fact, learning agents inside tmeeEprise provide an ecosystem for creating and
sharing learning knowledge [25]. Based on learraggnt’s solutions, learners are empowered with
personalized software assistants or learning agentsncover high-value data, resulting in cost
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reduction and higher productivity. Using Learningehts "trained" to do anything a human can to
monitor, harvest, extract, process, deliver andgrate dynamic content from the internet, intrgnets
extranets and Enterprise applications — Learnarsacaess the data that are normally inaccessiloie. N
only can information be accessed, it can be shamedmashups can be created and made available to
key learners. Empowering learners in this way aaalyce enormous educational returns.

To create an ecosystem of learning agents, onenadgs to find the suitable toolkit that can create
such collaborative learning environment. There ragny multi-agents toolkits available these days,
e.g. JADE (http://jade.tilab.com/), but most of thelo not support interoperability between agents
working at different locations across the web. Tdriteria is very important when such agents need t
perform mashing-up services across multiple Welatlons based on tools like the XAP. For this
purpose, we found the AgentScape (http://www.iidgresearch/aos) is the suitable toolkit for cregti
interoperable learning agents capable of performmaghup services. Figure 7 illustrates an abstract
view on the interoperability principle build thrauggentScape.

Figure 7. AgentScape Interoperability Principle.
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Basically, the AgentScape is a middleware that ides/a kernel and a number of system services
(e.g. agent servers, location managers, and hasagess). The agent server gives an agent access to
the AgentScape middleware layer. A location manage¢he coordinating entity in an AgentScape
location (thus managing one or more hosts in ooation). Agent creation, migration, and all kinds o
policy related issues that are relevant in the exdnof a location, is managed or coordinated by the
location manager. The host manager manages andicatas activities on a host at an AgentScape
location. The host manager acts as the local reptative of the location manager, but is also
responsible for local (at the host) resource aceess management. At each location there can be
multiple agents, services, and hosts. Each locatios a number of services; there is one Location
Manager (LM) per location and it is responsible keeping track of the hosts within that locatioor F
each host in a location there will be a correspogdiiost Managers (HM) which is responsible for
managing the resources on that host. For each gegdype of host there is an Agent Server (AS) tha
Is responsible for running the actual agents. AKupoService maps names to their addresses. And
lastly the Directory Service is responsible for miag services to names. In order to layout an
AgentScape learning ecosystem, the locations rebd treated first. Once a server has been selected
as a location, the Location Manager must be sdtigpt hosts need to be started accompanied by a
Host Manager for each type of host. Once the Hamtader is running then agents can be installed on
the location; AgentScape will automatically deteventhe correct Host Manager to register the agent
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with. When all the necessary components are staatetl registered the agents will be able to
communicate with each other. You do not need towkmouch details about the AgentScape
middleware, one only need to experiment with the et§cape tutorial demonstration
(http://www.iids.org/research/aos/publications.Htrahd that will provide the basic knowledge for
building your own learning ecosystem.

4. Conclusions

Although mashup holds great promises, it is stll dear when and how the existing systems will
exploit this new learning model. This article adatas for the use of mashup middlewares to help in
remixing, reusing, adapting and personalizing imfation where such issues play an important role in
any learning systems by enabling learners to |based on their needs. The basic building blocks of
mashup middleware are the mashup builder and mastalger. This article introduced an example on
such middleware using the Apache XAP Enterprise lMpsServer. However, this article identified
one more mashup middleware (AgentScape) which stgpgeeater interoperability if mashing-up are
required to be achieved across different paradignisenterprises. Moreover, we can argue that one
can add many other components to these two basipaeents of the mashup middleware to produce
more sophisticated and intelligent personal leg@reinvironment. This article identified the importan
of including Aml and ambient learning as one addiél component to provide an adaptive and
personalized learning. To draw an enhanced imageeoinashup middleware framework involving
this new component, we used figure 8 to help iasthating our vision. The proposed framework
utilizes learning agents where users can interad tevel that best suits their needs and capabilit
leaving tedious chores to the learning agents. Antbiearning or awareness enables the learning
agents to learn about their user and adept the@maent. Mashups on such environment increases the
strategic value of learning—by delivering enrichiefrmation to users—and reduce time cycles spent
on custom development. Actually the ambient awaeie part of lager higher-order learning services
that include some basic mashup support servicgsfikering, searching, clipping and bookmarking)
as well as some advanced mashup support serviagsléarning management, mashup ontology
maturing and e-portfolio management). Actually aenbiawareness provides the reasoning and logic
for enabling the advanced mashup support sernv@gspose our goal is to develop a PLE system that
can help users to identify mashups based on tlsswcsated tagging. This scenario requires that the
PLE needs to develop certain ontology for mashupisiwmay not exist at the initial learning process.
For this purpose, the PLE system needs to havengpaoeent for ontology maturing to enable the
proper identification of the required mashups. Swefiology maturing may pass into various
awareness phases: starting with introducing simashup tags where each learner need to contributes
to the collaborative development of mashup ontol§@]. Thus, each community member can
contribute new ideas (tags) emerging from the udagehe development of ontology (phase |
“Emergence of Ideas”). The community picks them aopnsolidates, and refines them (phase I
“Consolidation in Communities”) and formalizes widemantic relations towards a lightweight
ontology (phase Ill “Formalization”) or even addsams for improving inference processes (phase IV
“Axiomatization”). In this way the learners therhaes can directly execute changes if needed.
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Figure 8: A framework for Mashup Personalized Learning
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The first two authors are currently engaged in tgieg a prototype for implementing the

proposed enhanced mashup middleware. Some eadyeneks to the progress in implementing
various aspects of the ambient awareness partsofniiddieware can be found in [27, 28].
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