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Mobile Adaptation with Multiple
Representation Approach as Educational
Pedagogy

Kinshuk
Massey University, New Zealand

Tiong-Thye Goh

Victoria University, New Zealand

Abstract: This paper illustrates the concept of Multiple Representation (MR)
approach and its application in mobile adaptation. The paper first reviews several
techniques for web page level content adaptation. Most of these techniques have
been used in existing applications but they are very generic and lack the
guidelines for deployment of educational pedagogy needed in learning
environments. The Multiple Representation approach fills this gap by providing
guidelines for content adaptation in e-learning and mobile learning environments.
We further formulate, extend and apply MR approach in a prototype of a mobile
quiz module to illustrate the synergy between mobile adaptation and MR
approach.

Keywords: Mobile adaptation, educational Pedagogy, handheld devices

1 Introduction

The success of the learning process in an eduedtgystem depends on many
factors such as how the system presents the ddmaimledge to the learner, how
it changes its presentation in terms of complexzityl granularity according to
learner’s progress, and quite importantly, hovelets into account the user device
and user preference profiles. Tutoring strategiestle major source of taking
decisions regarding domain knowledge presentatdnset of effective and
efficient tutoring strategies leads to the creatioh educational framework.
Recognising the device and preference profilesaalladaptation engine to make
decision about users choices. A good adaptatiomengill seamlessly adapt to
user environment, anytime and anywhere.

The need for suitable educational framework inuke of multimedia technology
in educational systems has been emphasised by nesegrchers. Educational
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software is expected to be not only a teaching laaching resource, but also a
carrier of the instructional strategies [A@6, p.182]. Therefore, the design of
such system and its presentation should consi@enitey theories and concepts,
the pedagogies that apply to those concepts, amdthey impact instruction
design and practice. In additional, mobile learréagptation should also be part
of the design consideration to increase learningodpnity. Without mobile
adaptation, these systems will have limited scapefter in the new wave of
mobile learning. The content adaptation on molgdning has not received much
attention till now, despite many advances in the afsmultimedia technologies in
such devices.

Multimedia technology can contribute to the succek$earning only if it can
adequately represent the tasks and concepts ofddheain knowledge. The
Multiple Representation (MR) approach, presentethis paper, is predominantly
dependent on the framework of tutoring strategieshich it is being applied. The
next section discusses the general concept of mbataptation and reviews some
practical approaches to provide the foundationtfier linkage between MR and
content adaptation.

2 General Framework for Content Adaptation

Content adaptation can be approached in two diffed@ections as illustrated in
figure 1 (a) and (b).

adaption

generic modified
description " description
web pages adaption p| modified generation generation
web pages
Y \ 4
web pages modified
pag web pages

(@ (b)

Figure 1: Flow of content adaptation

The first class of approaches deal with the probdenthe level of pages, i.e. we
assume that the web-based service is fully impléatehy web pages that can be
displayed by a standard browser on a standard demgisplay. Then adaptation
has to take HTML as the format of its input. In tH&VA framework [Fifi02,
p.431; Kap02, p.79; Schw02] the adaptation can be expresgegidnt-condition-
action rules represented in a customisation framewo
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The second class of approaches handle the probtemconceptual level, i.e. we
assume to start with a generic abstract descripifotme service's content, from
which the actual web pages could be generated.tAtdap now takes the abstract
description as its input and derives another atistdescription. The pages
generated out of this modified specification arédvesuitable for specific clients,
in particular mobile clients.

A lot has been written about content adaptatiorthenlevel of pages. The most
prominent approaches are re-authoring [BiSc97]tamuscoding [Bh&#8; p.118;
Smi'99]. Reauthoring applies functions to web-page wigtsans, which will
result in new descriptions that are better suited various kinds of clients.
Transcoding aims at direct manipulation of the HT3tReam. Based on these
techniques several commercial products and systeototgpes have been
implemented such as Digestor [BiSc97], Spyglassyd8p], Intel QuickWeb
[Inte98], Mobiware [And98, p.32], TranSend [F&%8a, p.10], WingMan
[Fox"98b], and Power Browser [B{§9].

Adaptivity on the level of page descriptions candohieved more easily if data
content, navigation links and presentation are regpd from each other, e.g., by
using XML, XLink and XSL. The work in [CH@1] presents an interesting
approach to detect objects in pages and their cagsg Adaptation rules are then
applied to these objects. We will review these paased techniques for content
adaptation in more detail in the next section.

3 Page-Level Content Adaptation Techniques

Among the various published techniques for contaptation, re-authoring,
transcoding and the functional-based object moEEIM) are the most relevant
representatives. We will briefly review these tegaes.

3.1 Re-authoring

The idea of re-authoring is to apply functions tebapage descriptions, which will

result in new descriptions that are better suiwdvirious kinds of clients. As

web-pages usually present a mix-up of content,gadidn and presentation, it is
desirable to first split pages into these compamelm a second step adaptation
functions can be applied to the isolated componehtese functions may be

designed particularly for mobile clients. The thstdp consists of re-integrating
the components into a new web-page description.

On the basis of HTML pages it is very difficult, ifot impossible to provide
algorithms for the first step. Therefore, it is adtageous, if page descriptions
exist in the form of XML documents. These provithe description of content,
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whereas navigation and presentation are sepamsiyribed by XLink and XSL
respectively.

The content adaptation functions could change owke elements in the XML
document. These techniques are known as transfiormand elision [BiSc97].
The follow-on navigation adaptation functions woukHuce the links to those
needed for the new content. Finally, applying XSlowd result in a new
presentation.

The obvious disadvantage of the re-authoring tepheis that it is nongeneric.
Even if XML is used, transformation and elision dtions have to written
separately for each site and each new end-devicthdfmore, if parts of the page
description have been removed due to the restntimposed by the client, the
user may nevertheless be interested to obtainrtfitéeal information in follow-on
pages. So far re-authoring does not provide arigtasse for this.

3.2 Transcoding

Transcoding aims at direct manipulation of the HT3team. Modifying the

HTTP streams and changing its content in situ iledactive transcoding and is
done dynamically without user intervention. Trarding can be done on both
upstream and downstream HTTP strings. A known implgtation of this

technique is the MOWSER (Mobile Browser) systemdBi8, p.118], an Apache
proxy server agent written in Perl, in which the»pr modifies the in-coming

HTTP stream.

For the modification itself transcoding rules aged, which are kept separate
from the HTML pages. These rules take into accotlmet user preferences
[Bha'98, p.118] and annotations [HOO].

In the MOWSER system user preferences and cligrdlihties are stored on the
server. The modification and update of preferensetne via a CGI form at the

web site maintained by the proxy. The proxy thettHes files with the most

suitable format for the mobile client. The systessuames that different formats
are available for content adaptation. This is noissue, as different formats can
be created on the fly and cached in the servefufore requests. Transcoding of
images and video is done using scaling, sub-samminsub-key frames. The
transcoding of HTML pages is done by eliminatingupported tags according to
the stored user preferences. However, a severiation of the MOWSER system

is that it does not affect navigation.

Annotation is a way of providing hints for a traodig engine to make better
decisions on the content adaptation [@]. Basically, this method uses some
predefined descriptors to define the transcodinigstuDescriptors should be
stored separately from the HTML files. Annotatidays the role of a mediating
representation, which provides semantics to beeshdretween meta-content
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authors and a content adaptation engine. A poteadieantage of an annotation-
based transcoding approach is the possibility ofter@ adaptation based on
semantics that cannot be achieved by approached basveb-page syntax.

The principles discussed for re-authoring also yappl the annotation-based
transcoding, i.e., decomposition (isolation), pmrtreplacement of content
(distillation or elision), and combination (re-méapg). The implementation
reported in [Hot00] uses the RDF framework for implementing the aiation
descriptors and Xpath / Xpointer for associatingeaternal description with a
portion of an existing document. Thus, benefitsiltesy from using XML-related
technologies have already been realised. The aimotaises a predefined
vocabulary comprising alternatives, splitting hiatl selection criteria.

Annotation-based transcoding has proven to be Lafunobile systems, which
are task-oriented such as mobile assessment, mgpliteor mobile forms. The
problem with annotation-based transcoding, howeigerthat it is application-
specific, whereas customisation using a mark-ugudage is very limited. It is
also difficult to generalise the approach, so it wiost likely not be suitable for
interactivity and navigation logic.

3.3 The Functional-Based Object Model

The FOM approach aims at detecting objects in pagestheir categories before
applying adaptation rules to them. This approachnsattempt to describe the
intentions behind pages and to shift content adiaptao a semantic level.
Nevertheless, the approach remains on the levphgé descriptions rather than
switching to a conceptual abstraction.

The rationale is that every object in a web sitwes for certain functions, which
are either basic or specific functions. Accordirg this FOM distinguishes
between objects, which themselves can be basic oonpesite, and object
categories. Based on this, a complete web-siteaisstormed first into a FOM
model, and adaptation rules are applied to the imatleer than the web-pages.

A basic object is the smallest element in a hypéiamelt is determined by its
presentation, semantics, decoration, hyperlink @agl with it, and its
interaction. Basic object can be grouped into dirsets, which are considered as
composite objects. A composite object C ={Q,0y } is further described by
clustering and presentation relationships.

The specific function of an object in a given apalion environment is

represented by its category, which directly reftbet authors' intention. Examples
of such object categories in FOM are informatiorjeots, navigation objects,

decoration objects, special function objects, amgepobjects.
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The FOM method requires basic object detectionggérformed first, then to
generate the necessary category objects. Compmdg#ets are detected by layout
analysis of the web pages using an image pattetectien algorithm. Then,
content adaptation rules are applied to the objeaigucing the adapted pages.
The FOM method uses different rules for each olgjattgory.

3.4 Summary

The numerous approaches of content adaptationgedwits to a general class of
web page adaptation. But these techniques do oetder adequate guidelines for
multimedia representation in the domains of e-le@or m-learning. We argue
that the Multiple Representation (MR) approach banadopted to improve and
enrich user experience in an educational setting.

4 The Multiple Representation Approach

Multiple Representation (MR) approach tackles thesentation of domain
content in three ways: multimedia objects sele¢ti@mvigational objects selection;
and integration of multimedia objects.

4.1 Multimedia Objects Selection

The MR approach facilitates the presentation of @ioansontent to the learner with
suitable multimedia objects, as and when requiradgording to learner’'s
preferences, current level of domain competenag familiarity with the learning

environment. Various recommendations are desciiiedulv.

4.1.1 Task Specificity and Learner's Competence

MR approach recommends the selection of multimebjacts on the basis of the
tasks to be carried out. For example, audio is goadimulate imagination, video
clips for action information, text to convey desaibnd diagrams for conveying
ideas [Alty91, p.31]. The selection of objects dHoalso consider the level of
learner's domain competence. For example, an abstosacept could initially be
introduced with the help of an animation, and later, at higher level of
abstraction, the representations could be more mmequiring more cognitive
processing [RoSc97].
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4.1.2. Expectations

The selection of multimedia objects should takee aair the expectations of the
learner and the domain about representation ofables. For example, a learner
who is looking for an overview of middle ear stuwret may expect to see just a
graphic representation, but from domain’s pointvigiv, textual details are also
necessary to emphasise some intricate detailssystem in that case should try
to present graphical representation along withuggxntricate details.

4.1.3 Reference & Revisits of Already Learnt DomairfContent

In the process of learning it is many times neagsaad desirable to refer already
learnt domain content in different contexts. The Mfproach favours revisiting
the same domain content in different contexts,gisimilar multimedia objects as
used before, for following reasons.

1. Referencing enforces links between concepts (tlee camrently being learnt
and the referred one);

2. It enhances the mental model of previously leammcept and helps in
generalising its applicability in multiple situatedenarios;

3. It provides ease in learning current concept byingakamiliarisation with past
learning experiences.

4.1.4  Use of Multi-Sensory Channels

The selection of objects should adequately usevitheal, aural and tactile senses
of the learner. If any of the sensory channelsds being used at the time of
learning, the chances of getting distraction dughiochannel are high.

4.1.5 Context Based Selection of Multimedia Objects

When there are more than one multimedia objectsaiiea for representation of
the same task or concept, the presentation shaddhe most suitable object in
that particular context.

4.1.6  Authenticity of Multimedia Objects

Schematic diagrams and animations of the processgs not show the real
objects but they are helpful in understanding thdeulying processes. In such
cases, the system should keep the learner awang #i® authenticity of the
representation by suitable messages.
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4.2 Navigational Objects Selection

The navigation in typical educational systems tailese through various links
provided in the system. [Rada95, p.1] pointed bat the link does not say what
happens to the screen when the user activatedntheThe important point to

consider is the proper match of the learner's etgiiems of outcome while

activating a link with the presentation of actuedulting interface.

According to the MR approach, the selection of dirshould not deviate learner’s
attention from the main task of learning. The esise of link should be as
transparent as possible. The MR approach idensfie/pes of navigational links
concerning learning processes.

1. Direct successor link leads to the successive domain unit in knowledge
hierarchy within current context.

2. Parallel concept link leads to the analogous domaiit for comparative
learning or to the unit related to another aspdctiworently being learnt
domain content.

3. Fine grained unit link leads to very contextualefidetails of the domain
content once some missing or mis-conceptions aeatified in learners
understanding [PaKi97, p.161].

4. Glossary link leads to a pop-up “spring loaded” miedNiel96] in exploration
process, which is available only till learner iseirested in it and is explicitly
doing something to keep it active (such as pregsiagnouse button).

5. Excursion link leads to a learning unit outside therent context [Kas+97,
p.114].

6. Problem link leads to the problems related to eurcenceptual unit.

Different types of links should be clearly idergi for their types [B€97, p.197]
and their representations should be consistenti¢fin@ut the system.

4.3 Integration of Multimedia Objects

In many situations, the presentation of the dorsaiment demands more than one
multimedia object at a time on the screen for dlataepresentation. A number of
studies have also showed the improvement in legrttinough more than one
multimedia object for the same domain content caagbéo single object. ADGA
Group [Adga96, p.1] suggested that learning impsows the number of
complementary stimuli and different cognitive resms used to present learning
content increases. But not all possible combinatioh multimedia objects are
adequate from learning point of view. Consideratshiould be on how best to
combine multiple multimedia objects in relation thfferent learning tasks
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[RoSc97]. Following are some recommendations reggrdntegration of
multimedia objects to be observed during desigregse of educational systems.

e There should not be more than one observation medtia object at a time on
the screen, except for comparison studies, wheree nlban one active
observation is required.

e The integration of multimedia objects should be pbmentary to each other
and should be synchronised [RoSc97]. Care shostuls taken not to present
the same material with more than one multimediacibj

* Integration of decision intensive objects, e.g.wibarts, with any other
multimedia object is not recommended due to posdiljh cognitive loading.

« Integration of dynamic observation objects (suchamsnations) with static
observation objects (such as text) should be shaththe learner should not be
forced to observe both of them by the same serdwmgnel at the same time.

5 MR Extension

The MR approach provides a good set of recommesiatin the design of
multimedia learning environment from the perspextiof adapting user’'s
preferences and current domain knowledge. Howé\dedas not particularly focus
on mobile adaptation. Hence the MR approach ishéurtextended to include
mobile consideration to provide a more unifying reggeh, as described below.

1. Mobile device capability selection

Consideration needs to be given in the MR to redptm different device
capability of the end users. For example low endA®Dave no capability of
displaying image and video but high end PDAs carbaih. MR selection needs
to be adjusted to accommodate the whole spectruiewtes.

2. Mobile user preference selection

While high end PDAs can display rich multimedia w®m, user preference
sometime required that option to be turned off. TWMR approach needs to
consider alternatives as per the mobile user prates.

3. Mobile learner profile extraction and conversion

MR approach needs to consider Mobile Learning fwdé be extracted from the
PC based learner profile and converted to suit laa@ivironment. It can not be
assumed that MR selection in one environment welldutomatically suited to
another environment.
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4. Content adaptation and selection

MR approach in content adaptation is further coogpéid by the possiblity of
synchronisation and content pre-fectching, in addé to the real time on-line
adaptation. Hence MR approach needs to considese tloentent adaptation
scenarios. For example, if certain multimedia ofsjeare pre-fetched and are
available in the device’s cache, MR approach shoattsider using those objects
while recommending content selection.

6 A Case Study - Mobile Learning

Mobile learning is defined as the ability to leamytime and anywhere. In our
context, it is defined as the ability of using hheld devices to access learning
information. Mobile learning has received a lotattiention these days as the next
wave of learning. Several research issues regaritiagpedagogical effects of
wireless instructional devices have been investgLiu’02, p.63; MiH002,
p.117; Lud02, p.107; Wayc02, p.177; Mifs02, p.112; (&, p.257). Yet,
educational pedagogy has not been the central thentigese research efforts.
With the extension of MR approach, we use a simpliearning quiz case study
to illustrate some of the consideration of MR aputn

The case study proposed here is an architecturepaidtype design based on
XML/XSLT technologies. The system performs adaptatbased on user devices
and user learning profiles with considerations @& Epproach.

6.1 Server Side Implementation Techniques

There are two main approaches to implement MR ampréor device adaptation
in mobile applications: single pipeline approactl anultiple pipeline approach.
The single pipeline approach requires the servge pa generate device specific
language for the browser (figure 2). The server epguerforms device
identification and channels the XML data for thegpriate style sheets. Several
style sheets are needed to perform the transfomati
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XSLT
—* Style sheets*
HTML
A
XSLT
XHTML >  Server Style sheets* XML
Page
A
XSLT
WML —*| Style sheets

Figure 2: A single pipeline approach

The multiple pipelines approach uses a set of &bpecific sever pages to
generate the device specific output (figure 3).eBalvsever pages are needed to
perform the transformation. There is a developmeast in creating and
maintaining server-side objects that representapication's data abstractions,
which is not required in the single pipeline apgioa

Server
HTML | Page T
A
Server
XHTML [* »  Page » XML
A
Server
WML [* >  Page [*

Figure 3: Multiple pipeline approach

6.2 Methodology

The MR approach used in this implementation issilated in Figure 4 with MR
extension for mobile devices. Several technologscdlitions have been available
to implement the prototype of dynamic and adaptiest system. Sever side
techniques include Java Servlets, JSP, ASP, PHPted proprietary authoring
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tool such as macromedia flash with action scrighe® enhanced severs such as
CoCoon or Xalan are also capable of implementingicgéeadaptable system.

However many of these tools are costly, requiréeapslearning curve, and the

deployment process is slow.

MR Approach
J PC
User
ITS
Learning
Module
< Mobile
User
A
MR
Extension

Figure 4: MR approach extension to mobile learning

Our design is based on following guidelines. Fiistnust be easy to develop.
Second, it must have potential for reuse. Thirdnuist minimize learning curve.
Fourth, it can be deployment rapidly. Lastly, noLXSsupport should be needed
at the client so as to be compatible with a broadety of devices. Our design
uses ASP with IIS 5 server. The design first idiexst the potential mobile user
devices. These are desktop PCs, PDAs (iPAQ), andilengohones with
Openwave browser. Other mobile device types caeasély added later. Device
identification uses a simple http header stringiifieation technique included in
the ASP page. Subsequently, we develop the quitenbtemplate using XML
and its DTD. Multiple multimedia objects such astteimage, and video at
different levels of complexity are placed in theiston folder to match mobile
user with MR extension consideration. Next we depehe style sheets suitable
for each device types. We use MSXML as our tramsfengine for parsing XML
documents. To provide an adaptive system, the pseftte is separately stored in
an XML file and the style sheet function is usedmatch the required level of
difficulty from the user profile. The current imphentation is to adapt to the level
of difficulty according to the user profile and dam the content which includes
multimedia objects according to the user devicgufé 5 shows an overview of
the system.
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PC
User XSLT
Style sheets T |
Multimedia
. XML .
Mobile Active QuIZ R°b!e.°t
Phone Server Content evision
Page Content
Profiles
Repository
PDA

Figure 5: Mobile learning module architecture

Figure 6 show a display of mobile quiz access vidile phone. Since the device
is not capable of displaying rich multimedia, tle&ision page produces text based
information about the topic. MR extension for mebilearning allows this
adaptation to be done seamlessly.

Figure 6: Revision page with mobile phone adaptation

Figure 7 shows the same display of mobile quiz ss®e via PDA. Since PDA is
capable of displaying multimedia-rich informatiotine revision page produces
video-based information according to MR extension.
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£27 | wentimen stestia diser @

Figure 7: Revision page with PDA adaptation

7 Conclusion

This paper described the concept of Multiple Regm&stion approach in applying
content adaptation techniques using educationsdgusgy. The approach fills the
gap created by the lack of educational pedagogthén general web content
adaptation in the learning systems. With the adeéBG and 4G network, the use
of mobile device will be increasing exponentiallyith particular expansion in the
learning process where learner can learn anytimg@ amywhere. The MR
approach is extended to provide m-learning conataer with extension towards
the device selection, user preference selectioarnég profile selection and
content selection. The prototype m-learning quizecstudy illustrates the benefits
of the MR approach. The aim at this stage is tafywehe validity of the
conceptual approach. Further research will verlig tgenerality of the MR
extensions to variety of devices and user requirngsne
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