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ABSTRACT

Nowadays learners have access to multiple wirahetaorks from the same hand held device challengfiegn to
choose the best network in terms of cost and pegoce. However, the Internet billing plans arel sfifficult to
understand, predict and control by most users. paper presents a user oriented adaptive e-leafraingework which
takes into consideration: (i) the learner profileem content adaptation is done, (ii) user devie¢ ¢n have multiple
wireless connections with different characteristi@$) how much the learner is willing to pay, afig) the network
delivery performance. The goal is to ensure thatelarner gets educational content that best Isisitiser profile and that
content will be delivered over the network whiclswaes the best delivery performance, maintainisg al small price
for getting the requested information.
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1. INTRODUCTION

The amount of information which we need to prodassveryday life has increased tremendously over
the past years. However the time we have at opoda to handle this information has remained #raes
As a result, having the right information at thghti time as quickly as possible becomes a neceSsitg
main directions make this possible: AH (Adaptivepdsmedia), which allows content personalisation and
adaptation to the learners needs, and technologioalvation which brings to market new and powerful
mobile devices with low prices and provide supdortaccess to multiple wireless networks that may b
enabled.

Hand held wireless devices make information edsi@ccess. Their popularity is also increasingdlist
showing that in some countries, for example in Aalit, they surpass the number of desktop comp(#drs
khamayseh & Lawrence 2005). Today, more than Halfh@® world population has a mobile device (Shuler
2009). Mobile phones are becoming ubiquitous ferybunger generations, the children under 12 bikiag
fastest growing segment of population who owns ailealevice (Shuler 2009). A study performed in 00
at Australian universities has shown that 96.4%hef students have unlimited access to mobile dsvice
(Kennedy 2008). Therefore, because of their widkzsp existence and with the development of newer
wireless protocols and technologies, mobile devizesassure ubiquitous access to information.

Unfortunately, most of the information we receiteotugh web pages is created following the "one size
fits all" approach which makes desired pieces fifrmation more difficult to find and most of thent not
presented in a manner which suits the current égaviH researches responses to this problem bygrg
offer personalised information to each learner gailing him to the information he is looking fot.Has



been shown that by following different strategiést involve adaptation and personalisation, tmeeti
required for a user to find certain information ases (Kaplan993. Also adapting the content to the user
prerequisites makes it easier for him to understhagrovided information.

Different AHS (Adaptive Hypermedia Systems) haveerbaleveloped so far, mostly in the field of
education. These systems take into account diffeaspects related to the user such as: knowledge
(Yudelson et al. 2008), goal (Karampiperis & Saomps2005), learning styles (Brown et al. 2006)rihea
device (Brady et al. 2004), prerequisites and @gpee (De Bra et al. 2006), network conditions (K&am
2008), etc during the adaptation process. All thestems were developed with the goal of increatieg
learning outcome and improving the learner QoE (iQuaf Experience). However, none of these systems
have taken into account the cost the learner hasayofor the network access, neither do they take i
account the possibility for the learner to havetipld connectivity to different wireless networks.

2. COST AND QUALITY OF EXPERIENCE

An increasing number of modern mobile devices allsers to connect to multiple wireless networks,
through various technologies. Examples of suchadsvare:

* PDA 02 XDA Zinc has access to 3G, WiFi and GPRS;

e HTC TyTN Il has access to HSDPA/UMTS, WiFi, GSM, GB and GPRS;

« HTC P3300 has access to GSM/GPRS/EDGE and WiFi;

* Mobile Pocket PC-i-mate Jasjar has access to GIARS, etc.

From the multiple networks that learners have acteshey need to choose the one which best $ts t
goals (Figure 1). The diversity of billing plansedonot make this task easier. In the best cadedheer has
access to a free AP (Access Point) to which s/lmecomnect. Another good connection option is when t
learner has a monthly flat plan for a cellular retew However, the billing plans on mobile devices a
usually based on the duration of the connectioe, ghantity of information uploaded or downloaded or
sometimes even a combination of all these. Theki@giprofiles could vary also based on the network
performance, one factor being the connection spBedn though a monthly flat rate for access to the
Internet is quite common for wired LANs, the mostrenon pricing scheme for wireless communications is
flat rate bundlg(Telecoms Pricing 2008). Wireless networks stilvéastringent limitations on resources;
mobile carriers being sceptical about a flat plarewit comes to mobile data traffic because thevords
can become quickly congested (Roto et al. 2006).
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Figure 1 Learner choosing between multiple networks




Outside the learning arena there are many resedfiatis that study the effect of Internet billing aser
satisfaction (Altmann & Varaiya 2001; Hinman et 2008; Shenkeet al. 1996). In general, people try to
estimate how much they spend based on previousierpes; leading to wrong estimations on the amotint
money they currently owe (Roto et al. 2006; Isomwgsal. 2007).

The diversity of billing schemes for mobile data@ss, concerns about cost transparency, and diifficu
to estimate how much a learner spent when usingnteenet make the cost estimation a challengerfost
users. Unfortunately, taking into account just phiee needed to pay for delivery of the educatiamaitent
is not enough in choosing a network. Wireless netaidnave different characteristics such as: bantthid
latency, coverage area, QoS, etc that change dga#iyni What has been a network over which the
educational content can easily be transported aaklg become a congested network, which causesydel
and affects the integrity of the educational cont€hoosing the right network involves most of tiree,
engineering knowledge and this effort is time conisig for the learner. Therefore there is a needafor
automatic mechanism that assesses the learnemgbilian, and examines the features of the enabled
networks for accessing the content.

3. PERFORMANCE AWARE AND COST ORIENTED E-LEARNING
FRAMEWORK

In order to increase user satisfaction four apgreadave been taken into consideration for the PACO
eLF (Performance Aware and Cost Oriented e-LearRiagnework):
e personalisation based on the learner profile;
e personalisation based on learner device;
e content adaptation according to the network cooilti;
« the amount of money the learner is willing to sp@ndrder to retrieve the educational content by
the e-learning system.

The goal is to select educational content that beis$ learner profile and device and to delivesvier a
network that achieves the best trade-off betweesh and performance. This addresses mainly thedearn
who have a device that can connect to multiple agtsy It also aims at helping the user to decidéclwh
network would offer satisfactory performance fotrimving the educational content without affectiting
learning process, maintaining at the same timectis¢ under a threshold imposed by the user. It tataxks
the network conditions and when the network perforoe is too poor to support the transmission, ljpshe
the user in deciding which network is the best tmeswitch over to. Next the proposed framework is
presented.

Even though there is no standardised architectnost adaptive e-Learning systems have the following
three components: DM (Domain Model), UM (User Mgdehd AM (Adaptation Model). This classic
architecture has been enhanced with the PM (Pegiocen Model) (Muntean 2008; Muntean & McManis
2006), that aims to address network delivery pemforce issues. The proposed PACO-eLF (Figure 2) adds
CM (Cost Model) that models the pricing profileg learner has for the networks s/he has acce#saiso
monitors the enabled network to see whether thexeclaanges in the billing plan the learner haséayp ip
order to retrieve the educational content. In otdellow for the manipulation of multiple netwarkand for
the different cost associated with them, change® wequired also to the other components such as UM
AM, PM.

CM, UM, DM, AM and PM are divided between tk#ient Application CA) and Server Application
(SA). TheClient Applicationmaintains information about the billing plans o€ thetworks the device has
connectivity to (CM) as well as information relatexdnetwork performances (PM). It monitors anddeigs
events that account for changes in the network itiond that could affect the amount the user isndpgy
for retrieving the course when this change is gretitan the threshold imposed by the user. Iflhispens,
based on the characteristics of the other netwihiksiser has access to, the cost of the netwoekssér has
available is computed. Then it requests from tAdrormation related to the educational conterite SA
decides which educational content is suitable foe tearner based on his profile and the network
characteristics obtained from CA. A ranking of tletworks based on the educational content thatsnee
be sent to the learner, the network performancdstas price for retrieving the educational contergiven.
The decision of which network to be chosen beldngke learner.
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Figure 2 PACO-eLF

3.1 User Modd

The UM (User Model) maintains data about the u$kis could be Domain Dependent Data (DDD) or
Domain Independent Data (DID) (Martins et al. 2008)e DDD contains information about the user ezlat
to the topics defined in DM (Domain Model) suchtiaes knowledge the learner has acquired during sage
of the system, the learner navigation history etc.

DID contains general information and/or psycholagioformation about the learner (Kobsa 2001). The
general profile contains demographic data (e.g), ggsonal information (e.g. name, password), e&®in
the psychological profile we would have informatigurch as learning styles, cognitive capacities, letdso
contains learner’s device related information sagh

e Screen sizewidth and height in pixels;

e Screen colour depttbits/pixel;

« Screen modeit refers to whether the screen has portraitamdscape mode and if it supports
switching between them;

« Capabilities whether the device is capable of displaying vidaalio or images, etc;

e Supported mark-up or scripting language.g. not all mobile devices support all JavaScrip
functions;

e Memory:capacity

DID has been enhanced in order to contain the maxirhudget the user is willing to spend for getting
the course over the network, and a list with the ¢éDall enabled networks the learner’s devicedwess to.
The learner may connect from his device to multimévorks each of them with different charactesssti

The information related to the user is obtainechlibtough registration (such as the personal dadata
the user, the budget he is willing to spend, etd) tarough online forms or questionnaires (e.gr bselget
modifications, etc) or by monitoring the user bebav (e.g. the pages the user has visited).

3.2 Domain Model

The DM (Domain Model) represents the knowledgehefsystem. It maintains fragments of information,
called LO (Learning Objects) and the relationshigdch exist between them. The types of relationship
considered are:



< Link: indicates that between those fragments navigatonbe done.

* Prerequisites describes that there is an order in which thgrfrants should be delivered to the
learner (e.g. a learner should not read about ineroncept if s’/he has no knowledge or if h/she
didn’t read first about thprerequisiteconcept).

» Inhibitor: suggests fragments which should not be sent tgtrigcular learner.

Fragments can be grouped together in order to faxmplex concepts, which can be grouped again in

even more complex concepts. A fragment has assdcmétadata which describes different charactesist
the LO such as the topic or information relatedhi quality and the type of information associakith the
learning object. The LO may also contain informatielated to the price the user may need to payhfatr
learning object. During content creation time, @it versions of the same fragment are made,
differentiated by the metadata associated with eddhem. Different versions may be necessary when
network performance of the learner is so poor tratsmitting the educational content over it cocddise
major delays, and/or also the integrity of the eohttan be affected. In these cases, a versidnanlibwer
quality but which does not affect the learning @8 may be sent to the learner. It has been shivatn
slightly changing the video quality does not affdw learning process (Ghinea & Chen 2006). Dsffier
attributes are maintained for each fragment basetth@ fragment type (a video will have differenttatata
associated with it than a piece of text). Threeesypf data are considered:

« Textfiles metadatasize(kilobytes) length(number of words)format(e.g. plain text).

« Imagefiles metadatasize(kilobytes), format (e.g. jpg), resolution (pixXels

« Video files metadatabitrate (megabits per secondiamerate (frames per second}esolution
(pixels), colours (number of colours represented in bits requiregdefacoding) encoding(encoding
scheme: e.g. MPEGA4).

3.3 Adaptation Model

The main function of the AM (Adaptation Model) is hold adaptation rules that establish the most
suitable content to be delivered to the learnee AN has been enhanced by allowing rules which pieam
content adaptation based also on the budget theisusdlling to spend on that specific course. TAgl
rules, make references to the content maintainééMn DM and PM. These rules are interpreted byARe
and the content which satisfies these rules is teetite learner. A simple rule on how the DM pemnfance
oriented metadata is used in the adaptation prasgsgsented. Information about the network pentomce
is kept in the PM and provides information on bibth minimum sizeRM.size.minValueand the maximum
size PM.size.maxValye of the suitable file. The rule contained in theMAwould be: IF
(DM.polymorphism_video_Version2.size > PM.size.ralo¥ && DM.polymorphism_video_Version2.size <
PM.size.maxValue) THEN {DM. computer_science.polghism_video_Version2}.

3.4 Performance M odel

The PM (Performance Model) contains suggestionsy@m the content should be adapted in order to
address the changes in the network performancesp@&tiormance of the enabled networks are contsiyou
monitored and based on the current conditions;tafeuggestions is given. A suggestion includew ho
many objects can be on a page, what size they meag, letc. Because the network conditions couldecaus
delay and compromise the educational material, ingnthe user a material with lower quality could be
desirable. The idea is to provide the user withiest educational content that the network conustallow.

3.5 Cost Model

The cost model functionality is two folded: to maiim the billing plans the learner has for diffaren
networks and to manage the network price variati®hg billing plans the user has for a given nekwoay
vary over a time period. For example, if a userdéime based plan, the price may vary during #meesday.

It could be more expensive during the working hcamd less expensive during the night. It can sy
based on the day of the week, being less expedsiirg the weekend than during the working days.



The information about the networks the user hagsscto and their corresponding billing policy can b
modified at different points. During the registoati process the learner may introduce the planghfer
networks s/he has access to. Modifications in titerhet networks structure and plans can be madeyat
time, from the PACO-eLF system.

The cost for every network is calculated for thestfitime when the application starts. Based on the
network conditions and on the billing policy, theainer is provided with the cost required to regithe
educational content for every network s/he has sste and a ranking based on the suitability, an th
network conditions and cost. The learner has thed fiecision on the network that is to be chosexwéver,
the learner may be asked to reconsider his/hesidecin two cases: when due to the network perfomea
the price may increase over the limit imposed @r tietwork performance is too poor for the education
content to be transmitted over it.

3.6 Adaptation Engine

The AE (Adaptation Engine), based on the rules ftbenAM, selects the content tailored to the learne
interest, network performance and device. The adi@ptrules are based on the information containgte
UM, DM, PM and CM.

The adaptation is done in three steps:

« the educational content the user will be providéith v chosen based on learner profile stored in
UM (e.g. the learner goal, the knowledge s/he hasitethe subject willing to be studied, etc.)

« the LO referring to the educational content chosethe first step is adapted for the learner
device. If there is no LO version which exactly ofets the learner device, the most appropriate
one is chosen (for example, a content which isabiétto a PDA, can also be seen on a tablet
PC, even if it is not desirable).

< the versions of the LO chosen in the second steperified for suitability of transport over the
network the learner is currently connected to. $élection is based on the suggestions made by
the PM.

4. EXEMPLIFICATION

A learner having a PDA O2 XDA Zinc has access to, 8RS or WiFi. S/he uses PACO-eLF
application with the aim of improving his/her Frén¢ocabulary. The lesson s/he is about to stidgvel
and Directionscontains html pages and a video which gives aerample about how the expressions and
explanations introduced in the first part of thesten may be used. The size of the lesson is 3 MB.

The learner is in the coverage area of the followiperators (Figure 302 (3G), Meteor (GPRS),
Vodafong3G), Three (3G).

\.GPRS Meteof

Figure 3 Learner coverage area




The billing plans s/he can choose from are desgrib& able 1. These are the plans currently inhyskish
mobile operators.

Table 1 Learner Internet tariffs

day 500MB 5€
Three week 2GB 10€ 49c/MB
30 days 10GB 25€
Meteor day 50MB 99c 2c/kb

02 30 days 5GB 30€ 2c/MB

The learner has fixed the threshold for the pribe svants to spend for retrieving the course at dfi€
s/he already choserhreenetwork for personal uses. Assuming that the dihrea content has already been
personalised to best fit learner profile, the scop¢he application is to help the user to chodse lest
network based on the price and the network deliperformance.

The first step is to compute the price the usertbgsay, based on the plans s/he has. The applicati
calculates the following prices:

e Three:
o0 5€ for the daily
0 1.47€ (because the learner has already exce@@Beallowance for the current week)
o 25€ forthe 30 days
¢ Meteor:0.99€
* Vodafone:0.99€
e 02:30€ for 30 days
In the next step, networks’ performance is analysed a decision on whether the networks are daifab
transmitting the educational content is made. Netwaharacteristics are known, because the netwerk i
continuously monitored. The Performance Monitorgasys that for the selected educational contebieto
transmitted over the network, at least a bandwidtR00 Kbits/s is required. The networks that $atikis
condition are th&/odafone ThreeandO2 networks. TheMeteornetwork cannot be used because the GPRS
supports data transfer rates of 56-114 Kbit/s. Basethe computed prices and on the network canditia
ranking of the networks is done:
¢ Vodafone 0.99€ daily packet
e Three:1.47€ by using the week packet
e Three:5€ for the daily packet
The learner also gets to see the networks whicmdidatisfy the conditions, and the reason why there
rejected.

5. CONCLUSION

This paper presented the PACO-eLF, a frameworkatms at taking into account the tradeoffs involved
between the educational content, user device ahwlornie conditions when the content personalisati®n i
done. Also the price the learner needs to pay wherneving the educational content is taken into
consideration. By considering the fact that therdea may have access from the same device to raultip
wireless networks, PACO-eLF detects which is thst Inetwork in terms of price and performance. l& th
same time it continuously checks whether modifaagi in the price may occur due to the network
conditions, and notifies the learner when this gahcreases over a certain threshold imposed bigiher

The framework may be improved by taking into coesition not just the price the user has to pay for
accessing the network, but also the price s/heilimgvto pay for the educational content. A tramfé
between the learner expectations, the device sfisseg, network performance and his budget has to be
derived. We need to determine how these charatitsrire influencing the QoE in order to associhtam
with different weights during the adaptation praces
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