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Abstract. This paper describes recent workgirategy mergedevelopment in
the authoring process of adaptive hypermedia. Tia of a merging strategy is
to break a complex adaptation decision into a nunabesimpler ones which
may be reused more easily and applied in diffeoedérs. To demonstrate the
proposed method we present an example case stutlysample strategies
written in the LAG language. The case study is 8ase a recently proposed
model for Quality of Experience in e-learning. Thisdel exposes the complex
interaction between a number of factors affectimfECnd hence presents a
good candidate for the application of a strategygere Finally some evaluation
points are identified, a conclusion is drawn anxt séeps are outlined.
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1 Introduction

Where does the need of adaptive strategy merger raeth-strategies appear in
adaptive hypermedia systems, especially in relatgth the term ‘Quality of
Experience’?We will briefly answer this question here and pdevmore detailed
answers in the following sections.

Learner satisfaction and learning outcome can lmengrized as thQuality of
Experience (QoE)f the learner. The Quality of Experience of tkarher will
influence strongly any future learning decision$: [@/ill the student continue to
enthusiastically interact with this system; wilethcontinue, but with an increasing
sense of frustration; or will they give up entiréfytheir learning effort? It has long
been established, that it is particularly diffictdt maintain student engagement with
e-learning systems [1] and thus it is essentiamiximise learner QOE wherever
possible. Improvement of the QoE can be achieveahany ways, one of which is
through an adaptation of material to maintain sthdaterest, and maximise the
quality of the material presented to them. We wdlhsider two aspects of adaptation
that may be used to improve the student Q@Riality of Service (QoSind Media
Mix. Quality of Service is a term used in computenvoeking, and refers to the
network parameters in data transfer, such as tait deelay, jitter, and their impact on
quality of data delivery. [14] A simplistic assurigst would be that an increase of
QoS immediately results in an increase of QoE HiGwever, many other factors also



impact on QoE [13], and research on the optimadriiz is ongoing. By Media Mix
we refer to the learning process supported by melia content: instead of
presenting all the learning material in a singlenfat, a number of formats (text,
image, video, interactive) are used. Such learhiag been shown to lead to better
outcomes than one-media learning [10].

The trade-off between multimedia mix and QoSrofgation requires a complex
adaptation which can lead to an equally complextadion strategy. This complexity
limits the reusability of such a strategy. One wayenable the reuse of adaptive
strategies is to break down large and complex egias intosmaller modular
strategieswhich can be reused in different orders or inetght combinations with
other strategies to produce intelligent adaptation.

This paper outlines how to break down complex aatapt settings or a complex
adaptation strategy into reusable parts triggesed meta-strategy, and demonstrates
this using the example of the QoE adaptation gjyate

The overall objectives of this paper are thus to:

1. demonstrate a method to break down large strateigiesreusable modular

strategies.

2. demonstrate how these modular strategies can bebioaah efficiently via

meta-strategies.

3. demonstrate how this would benefit authoring sitwreg as outlined in the

scenario.

The case study in Section 2 outlines a motivat@@mario, gives a short overview
of work related to Quality of Experience (QoE), atebscribes the authoring process
for complex adaptation, concluding with a QoE stggtoverview. Section 3 gives the
technical description, presents adaptation strasedor QoS and a media mix,
discusses reuse and combination of adaptatioregtest The section closes with an
example how to create reusable modular strategigsy uhe case study. Section 4
discusses the methods presented and outlines heynctn be evaluated. Finally we
present conclusions and future work in Section 5.

2 Case Study

In this section we describe a course scenariothiberetical background for
the QoE model, the authoring process for such esecand an adaptation strategy.

2.1 Motivating Scenario

The following scenario demonstrates the need fo6 @od media mix-based
adaptive e-learning from the perspective of thenleg and the challenges it causes
for the authoring process.

The learner perspective.Father Ted lives on the remote Craggy Island lodf t
west coast of Ireland. He has decided he needisatdn German to keep up with
current events in Rome, but access to face-to-&asses in higher education or
professional training is very difficult if not impsible. So he signs up for an on-line



class. Although he does not have the most stalllgoawerful Internet connection, he
still enjoys the course. The course provides a ohidifferent materials and activities
and a variety of videos, audio clips or illustratedt. Materials are easy to access at
all times and he enjoys the course so much, he @ifids himself spending more time
than originally planned.

On a trip to a meeting he runs into a colleague Vies in Dublin, who has an
excellent broadband connection, and who also sigpefdr the course. They are very
surprised when they compare their experiences ealize that they both learned the
same, found the course equally enjoyable, but wetenecessarily presented with
identical material. Ted cannot remember all of\lteos his colleague mentions, but
he on the other hand recalls some very interestirttio clips his colleague seemed to
have missed. Nevertheless they both enjoyed these@ulot, because:

- they both reached their learning goals.

- they did not run into problems with excessively dodownload times of

material.
Discussion:TheQoSaspect is present in the different types of medésented to the
two learners, supporting the same set of learnioglsy Themedia mixaspect is
present in the variety of media the content isqmé=d in.
The author perspective. Professor X prepares a new online German course fo
international students. She received a lot of faeklirom previous students, mainly
regarding two aspects that strongly affected tle@iming experience:

- Due to bad internet connections, for some studiiet€ourse was not always

accessible or only with considerable delay.

- Students were asking for more variety in the priegem of material, to avoid

monotony.

She decides to write two new adaptation strategies,taking network conditions
into account and the other one considering a mdiftérent media formats.

She starts authoring the course in MOT [2] and whlee makes a test run, she
soon notices that the strategies do not run toge#my well. She sits down again and
spends a lot of time writing a strategy that corabithe two aspects. Finally she has
the course running, but she is not able to ussttlagegies individually in the future.
Discussion:In this kind of setting we discuss how meta-striegan support the
combination of different strategies, using the epkenof Quality of Experience (QOE)
adaptation [13].

2.2 Related Work

Quality of Experience model.QoE in a technical environment has been defined as
the "overall acceptability of an application ordee, as perceived subjectively by the
end-user" [11]. It seeks to capture the end-usesfaetion with Quality of Service
(QoS). Arguably, this definition, falls short of w&ring all relevant aspects user
experience of learning systems, where learner eéeqe is necessarily influenced by
learning-related factors. Initial research on QoEai learning context investigated
QoE improvements in courses with illustrated te&t [A recently proposed QoE
model (see Figure 1) for adaptive e-learning systdescribes QoE as determined by



learning experience, flow experience [12], whiche aboth affected by QoS
parameters, and usability [13].
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Figure 1: QoE Model for Adaptive E-Learning Systemq13]

This paper examines how QoS and learning aspe¢tssomodel can be translated
into adaptation strategies as part of the authgingess of adaptive e-learning.

Quality of Service. Quality of Service describes the network parameierdata
transfer, such as bit rate, delay, jitter, andrtimpact on quality of data delivery.
Tolerance towards those QoS parameters depende @pplication (see [14]). These
network performance parameters loss, delay and vidtid will be used to
characterise the quality of network delivery coindis. This characterisation will
then be used as input for adaptation decisionsdBahth can be considered the
parameter most relevant for all multimedia e-leagniapplications, while the
importance of loss, delay and jitter depends ontype of application. Adaptation to
the QoS parameters is achieved by sending materiaig suitable to the network
conditions.

Media mix. The media mix aspect combines basic elements oftifdiedia
Learning theory [15and motivational techniques [10].

Research on motivational techniques for e-learnisigopws the positive
motivational impact [10] of alternating delivery carfformat into the media mix
strategy. The change of media format also adddeamest of variability, which has
been identified as another motivational techniglfe].[A media mix that varies the
media format, presenting one media type at a tor@jents overwhelming the learner
and leaves room for visual rests [1].

QoE-Authoring for Adaptive Systems Authoring tools to author adaptive online
courses [2] in combination with sets of adaptatigles, expressed as LAG strategies
[3] provide the starting point for multi-strateggtaptation.

2.3 QOE Strategy Overview

The decision of what material to present to theneais based on a combination of
constraints from the technical environment of gerher and multimedia theory. This
is really a two step process: first the assessméntetwork conditions and then
mapping those conditions onto a media suggestion.



An initial assessment of the network conditions siders the QoS parameters
available bandwidth, loss, delay and jitter (sebl@d) and maps them into profiles
bad, medium, good and excellent (see Table 1),rtkpg on the parameter values.

Table 1: QoE Strategy, Part |

Profile Bandwidth Delay Loss Jitter* Suggestion

BAD Dial-up >>10s >>3% (RTSP)| >>1ms Text+images (low)
(38, 56 kbps) >>1% (HTTP)

MEDIUM DSL1 ~10s ~3% (RTSP)] ~1ms Audio at
(256, ~1% (HTTP) 96-128 kbps OR
340 kbps) Text+images

(high resolution)

GOOD DSL2 <<10s ~0% <<lms Audio at
(700kbps, (HTTP/RTSP) 192-256 kbps OR
1Mbps) Text+images

(high resolution) OR
Video at ~700 kbps

EXCELLENT DSL3 <<10s ~0% <<ims Audio at
(2Mbps, (HTTP/RTSP) 192-256 kbps OR
4Mbps) Text+images

(high resolution) OR
video at ~1 Mbps

Bandwidth is considered the most important paramétcause it not only affects
all media formats, it also has a significant impaat loss and delay. If all other
parameters are in a higher profile, the bandwiditeigmines the profile. Loss and
delay are of high importance as well, since thdgcafall formats, jitter has a strong
impact only on audio files and is considered |&agrtant.

These profiles allow for the selection of suitaledia formats that can be
expected to be delivered to the learner in gooditgaee Table 1).

The decision which media format is ultimately sadelcdepends on the user’s
history of themedia mix According to media mix theory, the media formaéd one
step earlier is always excluded. We choose to ugeedetermined ordering for the
media with audio is followed by illustrated textustrated text is followed by a video
and video is followed by audio.

Table 2: QoE Strategy, Part Il

Profile Suggestion Previous media Recommendation
BAD Text+images (low res.) Any Text+images (_low)
MEDIUM Audio at 96-128 kbps Video Audio at 96-128 kbps
OR (audio_low)
Text+images Audio Text+images (_high)
(high resolution) Text+images Audio at 96-128 kbps
(audio_low)
GOOD Audio at 192-256 kbps | Video Audio at 192-256 kbps
OR Text+images (audio_high)
(high resolution) OR Audio Text+images (_high)
Video at ~700 kbps Text+images Video at ~700 kbgs
(video_low)
EXCELLENT Audio at 192-256 kbps | Video Audio at 192-256 kbps
OR (audio_high)
Text+images Audio Text+images (_high)
OR Text+image Video at ~1 Mbps
Video at ~1 Mbps (video_high)




Now, however, some formats may have to be ruled bmdause of delivery
conditions. In this case, the format is varied rad lsow possible. If network profile is
BAD, only text+timages can be sent no matter whais Policy is summarised in
Table 2.

It should be noted that several assumptions hage beade as to the application
order and exceptions to the adaptation rules irrotd arrive at a coherent policy.
The policy presented in Table 2 combines two sepapalicies, and ideally, the
initial QoS and media mix policies would be avaiéafor reuse in different settings.
To enable this adaptation strategy a few pointhénauthoring process as outlined in
the following subsection are necessary.

2.3 Authoring process for QoE adaptive e-learning

The authoring process essentially follows the usu#thoring process in MOT [4].
This part of the paper simply points out a few ¢fsito keep in mind.

The sample course has a basic structure for each tjgke, introduction, main
content, conclusion. Title, introduction and comsatin are always text-based. The
adaptation affects the main content area only.

In this particular case of a multimedia course, ptidg not only to network
conditions or QoS parameters, but also providinfia of different media, it is
necessary to provide all learning resources inethdiferent types of media. We
consider videos in H.264 / MPEG-4 format, audiediin MP3 format and illustrated
text.

The QoS adaptation requires adding additionalbaiieis in the domain model,
clearly named according to the different formatsl @ossibly the different quality
levels of the same content. An example for theainl of these additional attributes

is given in Figure 2, additional attributes are keakwith an "x”.
. My @n-line Tieacher (MQOT)

Deutsch #1

Conceptmap name: Deutsch Kurs
Creator: smoebs

Attributes:
title
kevwords
text
conclusion
introduction
Audio_high x
Audio_low =
Video_high =
Video_low =
text low x

Figure 2: QoS and Media-mix based Attributes in MOT

The media mix adaptation can be enabled by addabgld in the goal and
constraints (pedagogic) model, again named acogtdithe different formats.



Adaptation strategies for the QoE adaptation hawvebe written [3]. This is
described in more detail in the following sectidm.the processing order it makes
more sense to write the strategies first, beforginge up the course. Once the
strategies are written, different content and oesican be used with these strategies.
This requires that naming of attributes and lalgetiontent follow the details in the
strategies. Any other authoring activities aredwaihg the commonly known steps
sufficiently outlined elsewhere [8]

3 Technical Description

The case study highlights the necessity for twdedght strategies to improve the
Quality of Experience of the Learner, consideringdm-mix and QoS changes. These
strategies are introduced in the first subsectire case study also points out the
necessity for reuse and the possibility to comlsittategies; this aspect is explored
further in the second subsection. As sketched m $henario, combination of
strategies can become very complex. Next, theegfied are described, as well as the
main problems with reuse and combinations of gjiateare identified. The final
subsection proposes a method to create reusablelancstrategies, using the case
study as an example.

3.1 LAG Strategies for QoS and Media-mix

The adaptation strategies aim at two different gjoatlapting the content
shown to changes in QoS conditions and providingxaof the content media type.
The media mix strategy aims at providing a mix dfedent media in the main
content area of the course, one type of media t@he. In this example we only
consider video, audio and illustrated text, whiduld be diversified further into
different quality levels for each media type.

The QoS strategy aims at adapting a course, dapgiedi the changes in network
conditions. Again the adaptation considers the roaimient area.
Example of a LAG strategy to provide a mix of medi

Each concept has a textual introduction and textaatlusions. This code should

make them readable for all:
initialization(

while true (
i f(GM Concept .| abel =="i ntroduction” OR
GM Concept . | abel =="concl usi on") then (

PM GM Concept. show = True )))

The following code shows how the mix of the medisélected depending on the
history of the user, the media s/he has previouséd or seen. Media information is
stored in the user model; depending on the preljossen media, a pre-defined
media type will be shown next. If the media typersereviously is “video” then the
next media type will be audio, if the media typers@reviously is “audio”, it will be
followed by illustrated text and finally the medigpe “text” will be followed by
video content accordingly. This guarantees a congtatation of different media



types shown. On the other hand, because rotaties dot vary, it might become
easily predictable. In case of the QoE adaptatienadaptation to QoS parameters
provides a varied sequence of media types.

i mpl ement ati on(

if (UMhistory == video) then ( if (GM Concept.| abel LIKE!
*audi o*) then ( PM GM Concept.show = True ))
else if (UMhistory == audio) then (if (GM Concept.|abel LIKE
*text*) then ( PM GM Concept.show = True ))
Example of a LAG strategy to provide adaptatioshlianging QoS conditions

Again each concept has a textual introduction amtlasions, which should be
readable for all (code omitted as it’s thus ideadtigith previous initialization).

Next, the QoS profile is estimated, based on ctr@uS information. It checks
whether the bandwidth profile is lower than all eththree profiles. If not, the
bandwidth determines the QoS profile; otherwise @S profile is the sum of the
weighted QoS parameters bandwidth, loss, delayitied

i mpl enent ati on(

i f (enough(PM bandwi dt h_profil e<=PM | oss_profile

PM bandwi dt h_profil e<=PM del ay_profile

PM bandwi dt h_profile<=PMjitter_profile,3)
then (PM QCS = 0)

else (PMQOS = (0.5 * PM bandwi dth_profile) +

(0.5*((0.4*(PM 1l oss_profile + PMdelay_profile)) +

(0.2 * PMjitter_profile))))

The following code initializes the visibility of ogepts based on above QoS
profiles.

if (PMQOS <= 0.2) then (
if (GM Concept.label LIKE *text*) then (
PM GM Concept. show = True )
) else if (PMQOS <= 0.5) then (
if (GM Concept.label LIKE *audio*) then (
PM GM Concept. show = True )
) elseif (PMQCS <= 0.8) then (
if (GM Concept.label LIKE *video-low) then (
PM GM Concept. show = True )
) else (
if (GM Concept.label LIKE *video-high*) then (
PM GM Concept. show = True )))

This code shows how content is selected dependin@@S conditions. Text is
selected for the lowest QoS level, while audiogaidn low quality and video in high
quality are selected for medium, good and excelttenditions respectively.

3.2 Reuse and Combination of Adaptation Strategies

The scenario illustrates both a solution to ourecstsidy, as well as a common
problem in Adaptive Hypermedia: often, a coursd néled to use or reuse multiple
adaptation strategies to achieve the desired betnavi

1 The ‘LIKE’ construct requires an extension of th&G language, which will be available
with the next update.



Although it is possible to manually combine theioas strategies into one overall
strategy, this does not aid a strategy author wdguires reusing a particular
behaviour from a previous course and combiningtt &w new one.

It would be more useful if the required adaptatioasld be described by modular
adaptation strategies which could then be reused emmbined in various
permutations. This would reduce redundancy andhadstrategy authoring process
for adaptive hypermedia systems.

3.3 Problems with reuse and combination of adaptaiin strategies

There are problems with reusing some adaptatiategfies on different content
domains as they can be specialised to particulstead which cannot be easily reused
without editing the course content. A method fdwisy this problem using the LAG
strategy language has been described elsewhere [9].

However there are other problems with reusing adipt strategies which arise
when multiple strategies are used at the same #tisough problems with multiple
strategies can occur when an author has writtem gpecifically for the same course,
they most commonly occur when strategies from iffié courses are reused. While
adaptation strategies may produce the desired bmhva¥f they are executed
individually in isolation, when they are run togeththey can produce unforeseen
behaviours which are not intended by the coursecswut

Some potential problems which occur when using ipielstrategies are:

. Execution Order: Some strategies will work fine when they are murone
particular order but not if the order of executismeversed or changed.

. Variable Clashes Unforeseen behaviour can be produced if multiple
strategies access, and more importantly, updateatime variable. For example if two
strategies both have the following line (examplénlthe strategy file then the system
may report that the user has accessed the congdjphes when the user has actually
visited the concept only three times.

Example 1
UM GM Concept . beenthere += 1

. Type Conflicts: Multiple strategies use the same variable toesthifferent
types of value. For example one strategy (exampleny store a Boolean while
another (example 3) will expect an Integer wheatiesses the same variable.

Example 2: Strategy 1
UM GM Concept . accessed = True

Example 3:Strategy 2
if (UM GM Concept.accessed > 2) (...

3.4 Creating reusable modular strategies using thease study

It would be useful to use both the QoS and the Mledix strategies in an
attempt to get the adaptation behaviour of the Qu&tegy, which is to adapt the
course contents to both the quality of the conpectind the multimedia learning
theory showing only one media type at a time.



For example we could try running the QoS stratepg &nd then the Media
mix strategy. However, this would cause a problémcause a user who had a
medium quality connection and had just viewed &eief text as part of the course
would be shown next an audio file from the QoStstgg and both videos from the
media mix strategy. This is not acceptable, esfig@a all three content parts would
contain the same information.

This problem occurs because the two strategiesdméttively display parts
of the lesson contents as per the adaptation balmattiey envision. The strategies do
this without any knowledge of what other parts lo¢ tesson being displayed are
shown or hidden. As this is a restriction of mosirent adaptation engines we will
consider how to solve this problem without the ddtépn strategies needing to know
what other lesson content parts are visible.

The strategies both initialize and display lessontents. As the individual
strategies do not know what is visible at any singbint as generated by another
strategy, the overall strategy to achieve the bielbawould be to show one content
part for video, audio and text, switch the qualitlythat content, as per the QoS
theory, and then hide any content which doesnthéit media type that needs to be
shown by the multimedia theory.

We need to do this in a way that the strategiestlvan be reused to achieve the QoS
or media-mix behaviour in other contexts. In geheahas can be done by identifying
the main tasks that are needed for the overallegiysand write the new strategies to
perform these tasks. However, for some behavibumaly not always be possible to
do this as the tasks themselves may clash. Formraai'Show All” task would clash
with a “Hide All” task. In this case we would negal create an additional task to
arbitrate this situation. After these strategies waritten, a meta-strategy would be
created to combine them in a way that would prodtiee desired adaptation
behaviours.

The proposed method, as described above, coulddikas a generic method for
creating reusable strategies using a task basedagipand is summarised as follows:

1. Divide the overall behaviour into tasks that aredesl to be performed;

2. List the areas where the tasks might clash and ag®imptions are needed

for the task to be carried out;
3. Write an adaptation strategy for each task; and
4. Write a meta-strategy to control when and how thrategies should be
executed.

The main tasks that are needed for the QOE strategy

« Initialising the course content;

e Creating a default state for the lesson to be vikwe

»  Switching the content quality to be shown as per@oS; and

» Showing and hiding content as per the Media Mixtke

The areas where these tasks could clash are inisth@md hiding content. We
do not want to show content without ever removind.isimple solution is as follows.
For every condition resulting in addition of corttsach as:

if (condition) then ( PM GM Concept.show = true )
we would hide the content that we do not want digpdl like:

if (condition) then ( PM GM Concept.show = true ) else (
PM GM Concept . show = fal se )



The initialization task is performed in the cours#ialization stage and the default
setup task is performed in the course implementatages. Hence they can both be
contained in the same LAG file as follows:

Strategy — Initialization and Default Setup
initialization(
while true (
i f (GM Concept .| abel ==i ntroducti on OR
GM Concept . | abel ==concl usi on) then (PM.GM.Concept.show = Tryg
)
i mpl enent ati on(
if (GM Concept.label LIKE *video-high*) then (
PM GM Concept . show = True
) else if (GM Concept.label LIKE *text*) then (
PM GM Concept . show = True
) else if (GM Concept.|label LIKE *audio*) then (
PM GM Concept . show = True
else if (GM Concept. | abel ==i ntroducti on OR
GM Concept . | abel ==concl usi on) then (
PM GM Concept . show = True
) else ( PM GM Concept . show = Fal se
))

The code above initialises the course content tavste introduction and
conclusion for each lesson as per the initializatmsk. The implementation loop for
the Default Content task sets the highest quatdititent to be displayed as the default;
for the purposes of this paper we assume that dext audio have no quality
differences. Everything else is hidden; this inelsi¢ontent labelled video-low which
would be a low quality version of the video-high.

An example of the QoS code that deals with showvihmg correct video
content quality is shown next:

/1 SW TCHI NG CONTENT QUALI TY
if (GM Concept.|label LIKE *video-low) then (

PM GM Concept . show = True
) else if (GM Concept.|abel LIKE *video-high*) then (

PM GM Concept . show = Fal se)
This code would hide video-high content and shodew@ilow content, switching the
quality for that particular type. Variations on ghivould be run for different QoS
values.

The code for the Media Mix task is composed of dbmas similar to the
following code.

if (UMhistory == video) then (
if (GM Concept.label LIKE *video* OR GM Concept. | abel LIKE
*text*) then (
PM GM Concept . show = Fal se
) else (
PM GM Concept . show = True
)



The code above hides the content that shouldmitdpdayed according to the
Media Mix theory and shows other content. There Ididae variations on this code
for the other possible UM.history values.
The full strategy code listings for the QoS and Médix tasks are:
Strategy — QoS
initialization()
i mpl enent ati on(
/1 QoS profile:
i f (enough(PM bandwi dt h_profile<=PM | oss_profile
PM bandwi dt h_profil e<=PM del ay_profile
PM bandwi dt h_profile<=PMjitter_profile, 3) then (
PM QS = 0
) else (
PM QOS = (0.5 * PM bandwi dth_profile) +
(0.5 * ((0.4 * (PMloss_profile +
PM del ay_profile)) + (0.2 * PMjitter_profile)))
)
/1 initialize visibility of concepts based on above QS
profile
if (PMQOS <= 0.2) then (
if (GM Concept.|abel LIKE *text*) then (
PM GM Concept . show = True

)
) else if (PMQOS <= 0.5) then (
if (GM Concept.label LIKE *audio*) then (
PM GM Concept . show = True

)
) else if (PMQOS <= 0.8) then (
if (GM Concept.label LIKE *video-low) then (
PM GM Concept . show = True
) else if (GM Concept.|abel LIKE *video-high*) then (
PM GM Concept . show = Fal se
)
) else (
if (GM Concept.label LIKE *video-high*) then (
PM GM Concept . show = True
) else if (GM Concept.|abel LIKE *video-low) then (
PM GM Concept . show = Fal se )))
Strategy - Media Mix
initialization()
i mpl enent ati on(
if (UMhistory == video) then (
if (GM Concept.label LIKE *video* OR GM Concept. | abel LIKE
*text*) then (
PM GM Concept . show = Fal se
) else (
PM GM Concept . show = True

)
) else if (UMhistory == audi o) then (
if (GM Concept.|label LIKE *audi o* OR GM Concept .| abel LIKE
*vi deo*) then (
PM GM Concept . show = Fal se
) else (



PM GM Concept . show = True

)
) else if (UMhistory == text) then (
if (GM Concept.label LIKE *text* OR GM Concept.|abel LIKE
*audi o*) then (
PM GM Concept . show = Fal se
) else (
PM GM Concept . show = True )))

These strategies can now be run together or irerdifit combinations to
achieve the desired adaptation behaviours. The-stettegy which would combine
the above strategies to achieve the QoE behavsoshawn below. The exact LAG
syntax for meta-strategies is yet to be finalisedn& show here an example of a
possible syntax.
initialization(

Strategy-Setup.initialization

i mpl enent ati on(
Strat egy- Setup. i npl enentation
Strat egy- QoS. i npl ement ati on
Strat egy- Medi aM x. i npl ement ati on

Automate the method.One drawback of the proposed method is thatatrnsanual
process. To make it more useful, as much as pessflihe method needs to be
automated when input strategies are availableait be possible to automate the first
two steps by doing the following:

Step 1: Automate the identification of behaviour

. Analyze the variables used in the input strategies.

. Identify the different types of adaptation existinghe original strategies.

. Analyze the interaction between different layeraddptation

. Map the adaptation behaviours to the variablesttiegt depend on

Step 2: Verification of strategies

. Check if any single variable is responsible for tiplé adaptation
behaviours.

. Identify the dependencies of variables which aspoesible for the
adaptation behaviours.

. Analyze how and when variables cause an adaptation.

. Identify problematic patterns that could causeleas

A more detailed view on these topics is in the imenf ongoing research.

4 Evaluation

An evaluation of the method described has to bercggmhed from different
perspectives: the system, the author and the learne
The evaluation from the system’s perspective ingtud
» Does the strategy merger result in the same outasrestrategy created
from scratch?



e If the method is automated, what is the time iesato process, and what
is it's precision (in comparison with a strategyeated from scratch)?
The evaluation from the author’'s perspective widvé to address the following
guestions:

» Does the proposed method improve the authoringmipdex strategies?

» Does the method provide a less error prone wayutb@ complex combined
strategies?

e Can the method be expanded to include tools suipgothe authoring of
strategies?

* Is the method limited to the combination of twatstgies or does it enable
the combination of a larger number of strategies?

* Does the method support combination with existtrafegies?

Strategy authors currently working with MOT and dise writing LAG strategies
without the outlined method can get informationhanwv to apply the method and can
provide answers to the set of questions. These exssgan then feed into ongoing
research on improvements to the method and stratetinpring in general.

Evaluation can be broken down into the categoriesuta authoring of new
complex strategies and combining existing strategie

The learner perspective needs to address the folipguestions:

» Does the method provide strategies or strategy @oatibns which enable
the desired adaptation?

 Does the QoE overall strategy improve the learnexperience of the
learners?

5 Conclusion and Future Research

The scenario outlined in the case study describgpiaal problem situation in the
authoring process of adaptive hypermedia. The pppgroses a method to improve
the authoring process by breaking down the autbodfh complex strategies into
smaller steps.

Combining strategies can cause clashes in the wd#fgsent strategies handle
domain and program variables. This can resultriate)y combinations which make
important parts of an adaptive hypermedia coursedessible to the user. For
example, choosing media type before adapting tevarét conditions could cause no
content to be displayed to the user. Further rebeiarneeded to find ways to avoid
these situations, warn strategy authors about Iplesgroblems and detect and avoid
those situations as they arise in an adaptatianatglengine.

Research is needed to develop standards for writingular strategies that can be
reused in multiple environments and how to autonthie process. Moreover, the
authoring of meta-level strategies that dynamicatianage the combination of
simpler sub-strategies needs to be addressed.

So far the case study has been implemented, imguaisuccessful combination
of the two strategies. Next steps will include thsting of the method with a group of



strategy authors to identify problem areas, ddficies and to get general feedback.
The ongoing research on Quality of Experience mitlude testing of the method,
considering the authoring, learner and system pets.
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