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Abstract

One of the challenges for the future of technolegitanced learning is the
retention of learners. On-line learning environmsesthiould engage learners and
provide an appropriate “Quality of Experience” (QoHE-or more than a decade,
adaptive hypermedia systems have been used to eoiaj@nt and instruction to
individual knowledge, goals and preferences in #orteto engage learners.
However, even if the content is highly engagingaih be very difficult to achieve
good Quality of Experience for people without sti#fint technological
infrastructure or fixed access, such as in ruratesnote areas and learners in
developing economies. Despite recent improvementsetwork technology, any
increases in bandwidth are quickly consumed by rdereanding applications.

So far QoE has been approached primarily from agineering perspective,
considering technical factors such as download diroe video quality. But
arguably QoE in multimedia e-learning systems nhestviewed in a broader
sense and has to be aligned with the concept ofexgeerience to capture more
dimensions of the experience.

In this context this thesis proposes a new modeQIoE in adaptive multimedia
e-learning, combining QoS, learning theory and flexperience. The proposed
adaptation policies for QOE combine multimedia a&héng theory with network
QoS adaptations. A novel measurement model for QaEaptive multimedia e-
learning was developed to measure QoE and thergantbuencing QoE and to
explore the inter-relationship of various aspe¢tQoE.

This research identified learning and flow experes key contributors to QoE
in multimedia e-learning systems. Moreover, theultes indicate that an
international Delphi expert study under-estimateslimpact of Quality of Service
on QoE in multimedia e-learning; the research rggbm this thesis, including
network simulations and extensive user tests, stothvat the impact of QoS
deserves more consideration. The proposed QAMM@rithgn combining QoS
adaptation and media mix adaptation was the subjesimulation and extensive
user testing which demonstrated that QoE in mulime-learning systems can
indeed be improved by adjusting the content medmnét to suit network

conditions.
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1 Introduction
1.1 Research Motivation

Despite the current economic downturn, analyst®exan increase in e-learning
[139]. A recent study on e-learning in Europe [@@fints out future trends in

technology-enhanced learning. Provision of suitagevices for people without

sufficient technical infrastructure and fixed asei® rural or remote areas and
learners in developing economies is one of the tiiends mentioned in the study
under the headline of persuasive technologies. these people, network

conditions vary strongly despite efforts to improleoadband capacity and
coverage. However, even with comprehensive broatllmamnection the race

between improved infrastructure and increasing celsidrom new applications is
bound to continue [115] [180].

Against the background of these issues the retentio learners or learner

engagement is one of the challenges for the futfréechnology-enhanced

learning. Learner engagement is key to retentibigure 1 summarises the main

factors influencing learner engagement in technglaighanced learning.

Learner
Satisfaction External
Support

Previous
Learner
Experience

Learner
Engagement

Figure 1: Factors of Learner Engagement

The experience of the learner determines learrenglts as well as drop-out rates
and retention in e-learning. As Levy [137] has pedhout, learner satisfaction is
the key indicator for drop-out in e-learning. Lealgo found, that this holds true
independent of the learner’s locus of control; fraxternally to internally

motivated learners, satisfaction with the learremgerience appears to be crucial.



These results have been confirmed by Park and {f7di] in a recent study,
which concludes that enhanced learner satisfattigether with external support
can improve the retention rates and learner engagerhearner engagement is
linked with Quality of Experience (QoE), througlateer satisfaction, which can
be summarized as the combination of flow experiemzklearning outcome.
Recent efforts to increase flow experience inclide use of web services,
educational games and multimedia. Delivery systam$ media formats have
been identified as major research trends in teclygyeénhanced learning (TEL)
[149]. Quality of Experience in technology-enhantsalning is often mentioned
in the same context as Quality of Service (QoSQuality of Perception (QoP)
[98] [78]. While Quality of Service describes olijee technical parameters of
multimedia and network conditions, Quality of Pgrien considers how a user
perceives technically defined quality levels [7), example in a video. Quality
of Experience considerations go one step furthdraam to also capture relevance
of context and user expectation [119]. All thesacapts focus on the impact of
technical conditions on user satisfaction. Howewemix of different media has
been identified as another key contributor to leamotivation [211].

Adaptive hypermedia systems have been used totazhusent to individuals in
an effort to engage learners more effectively. flewing scenario demonstrates
the need for an adaptation combining Quality of vieer and media mix
considerations for a good Quality of Experiencarfiithe learner’s perspective.
Father Ted lives on the remote Craggy Island ddfwest coast of Ireland. He
has decided he needs to learn German to keep hpcuitent changes in senior
management in Rome, but access to face-to-faceedas higher education or
professional training from a remote island is veifficult if not impossible. So he
signs up for an on-line class. Although he does hote the most stable and
powerful Internet connection, he still enjoys thmurse. The course provides a
mix of different materials and a variety of videasidio clips or illustrated text.
Materials are easy to access at all times and Joysthe course so much, he
often finds himself spending more time than he inally planned and his
learning shows good progress.



On a trip to a meeting he runs into a colleague es in Dublin, who has an
excellent broadband connection, and who also sigipetbr the course. They are
very surprised when they compare their experiergees realize that they both
learned the same amount, found the course equallyyable, but were not
necessarily presented with identical material. &affed cannot remember all of
the videos his colleague mentions, but he on therdbhand recalls some very
interesting audio clips his colleague seemed tce haissed. Nevertheless they
both enjoyed the course a lot, because:

» they both reached their learning goals.

* they did not run into problems with excessivelydaownload times of

material.

Technology-enhanced learning is providing educafioaccess to diverse
populations in remote locations that in the pastldanot have been reachable.
However, even if the content is highly engagingaih be very difficult to achieve
good Quality of Experience for people without sui#fint technological
infrastructure or fixed access. Despite powerfulmpwnication networks
increasingly reaching these remote places, the bateeen infrastructure and
resource-demanding applications remains [145]. s Tdompetition can leave
learners anywhere, but particularly in rural ar€asvith insufficient network
resources, resulting in an unsatisfactory expeeemgardless of the efforts to
create an engaging learning experience.
In this setting we discuss Quality of Experience@fEpand the factors that impact
the QoE of on-line learners. A QoE model is propotbet considers the impact
of QoS on flow experience and learning, which threturn impact the Quality of

Experience (see Figure 2).

\—\affects
1 T =
v Quality of
affects £ Experience (QoE)
\ I affects

Figure 2: Proposed QoE Model

The QoE model considers three roles of the lealearner, user and customer.
The learner does not always take on all these ilasltaneously, but they all
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affect the Quality of Experience. Learning-relatadtors have an impact on the
role of the learner, QoS strongly affects the uaad the customer is influenced
by flow experience.

The focus of this research is the investigatiorQoE improvement through an
adaptation that combines Quality of Service (Qa8prmation with a learning

theoretical approach and the psychological conadpthe flow experience,

serving the three roles of the learner.

This research aims to contribute to the area dinelogy-enhanced learning by
taking QoS conditions in consideration for the csibm of suitable learning

materials. It makes learning systems more accessibtluding those learner
groups with weak internet connections and will effadhem a more positive

learning experience.

1.2 Problem and Solution

Problem The drop-out rate in technology-enhanced learrsnggh. Instructional
designers add more demanding media to the mixaohieg materials to conquer
this effect. However, an enhanced mix of learningtanals requires excellent
network delivery conditions. This quality level ofetwork conditions is not
guaranteed everywhere at all times and as a remikrials are delivered in low
quality setting, increasing the potential drop-@ié of learners.

Solution The proposed solution enables a media mix condutivthe flow
experience and harmonizes media selection and rletgamditions. This thesis
presents the Quality-Adaptation for Media Mix (QANIMalgorithm which
combines consideration of network conditions arnmg theoretical aspects for

the selection of learning materials.

1.3 Contributions

This thesis contributes to the state of the athaarea of technology-enhanced
learning by introducing three novel aspects.

* Model for Quality of Experience in multimedia e4leing
The model brings together engineering, psychologicd learning concepts for
QOE in e-learning. In contrast to previous workh#rmonizes the technically-

oriented concept of Quality of Experience and tbacept of user experience,



which is rooted in the human-computer-interactioontext. The combined
consideration of QoS, multimedia learning theorg #ow experience allows for
a holistic concept of Quality of Experience (QoHl) adaptive hypermedia
systems.

» Adaptation policies for Quality of Experience in limedia e-learning.
The adaptation policies consider available bandwadtd previously used media.
This small set of selection criteria allows embeddihe policies in existing
adaptation algorithms.

* Measurement model for Quality of Experience in imutia e-learning
The measurement model identifies a valid set chipaters to define the quality
of experience in an adaptive hypermedia e-learrspgtem and reflects the

holistic concept of the QoE model.

1.4 Short Outline of the Thesis

The remainder of this thesis is structured as Walo

Chapter 2 presents the mixed-method research nwtgdof this research and
gives an overview of how the parts of the researelconnected.

Chapter 3 provides an overview of important workkted to this thesis. The
literature review considers learning technologaeiaptive hypermedia, Quality of
Service, flow experience and Quality of Experience.

The proposed QoE model, including adaptation pedi@nd QoE parameters and
measurement are introduced in chapter 4.

The next three chapters present the main partiofeésearch. Chapter 5 presents
an international Delphi study investigating a téhypotheses developed from the
related work presented in chapter 3. Chapter 6ribescnetwork simulations of
the proposed algorithm. User testing combines te$tdm the literature review,
the Delphi study and the simulations. The resutid analysis are described in
chapter 7.

Finally a summary of the main conclusions and dbuations and some

suggestions for future work are presented in chapte



2 Research Methodology
2.1 Introduction

This research combines multimedia engineering aledmming. Included in the e-

learning part are learning theoretical and psyadfiold aspects. The research
design aims to reflect this in combining researathods from engineering and
social sciences. It consists of 4 main parts, ditee review, Delphi study,

simulation and user testing (see Figure 3). Thesel fto the development of
adaptation policies, which are later incorporated a testing prototype.

i ' Adaptation | [ ocamm
Hypothesea Policies Medlia Mix
Literature . Delphi : s . User
: —> P —> Simulation ——> ;
Review Study Testing

Proposed .
| Model | \ /
\ QoE

Model

Figure 3: Research Methodology

The literature review fed into the Delphi studyhwi list of hypotheses. It also led
to the initial proposed QoE model. The resultsh& Delphi study informed the
development of adaptation policies, which were ufsedsimulations and user
testing. The simulations considered selected nsetmied provided information
about the media mix resulting from the differenajgidition scenarios. The results
of the simulation were then used to set the mediaapplied for the different
scenarios in user testing. Each step of the resdaccinto the refinement of the
QoE model. A more detailed description of the regeanethodology is given in

this chapter.

2.2 Literature Review

The literature review gives an overview over thelkgaound theories and related
research in relation to the main focus of this aesle, the Quality of Experience of



the learner. It introduces the main concepts, stscow experience, Quality of
Service and Quality of Experience. From the litgratreview and discussions at
conferences the hypotheses for the Delphi stude weawn.

The literature review is presented as related wodhapter 3.

2.3 Delphi Study

The Delphi study is an accepted technique for gaitexpert opinions on a topic
[140]. The Delphi study investigated feedback framexpert panel on a list 17 of
hypotheses derived from the initial literature eavi It collected expert opinion on
importance ranking and agreement level on the hngs&s. A pre-study with
expert interviews validated the hypotheses dravamfithe literature review,
before a web-based Delphi study [3] was carried ®oé Delphi study consisted
of three rounds and involved 30 international etgpéom the research areas e-
learning, multimedia engineering, user experienug @sychology. The analysis
of the results included content analysis and arrcagh for statistical analysis
outlined in previous research [109] and the Delgtudy literature [46] [35].
Chapter 5 presents the results of the Delphi study.

2.4 Development and Implementation of Prototype

The development of adaptation policies to enhangaliy of Experience is the
main goal of this research. The policies descrilgesequence of steps necessary
to implement the QoE model outlined in chapter He Tesults of the Delphi study
and the results of the literature review, includeny existing QoE model [97],
were the starting points for their development. Tdaptation policies were
implemented as an adaptivity prototype [189]A&tA! in the LAG language [39].
However, this adaptivity implementation was notdiser testing, because the
adaptive platform had too little of the “touch afeel” of a professional learning
management system, which would have affected thetaesting. For testing the
Moodle platform was used. Although not able to providagdbility, it provided
an environment for a Wizard-of-Oz type study [122].



2.5 Network Simulation

The objective of the network simulations was tolgs® the system behaviour
when a learning session was performed in an envieoh with changing network
conditions (see Figure 4).
The simulations had two goals:
* Investigate the impact on performance if QoS-adéptis applied
* Investigate the impact on performance if the comtiQoS and Media
Mix Adaptivity is applied

Server
With
E-Learning System

Network

||||||

111111

DSL3

Figure 4: Simulation Environment

The results were then used for the setup of thdamaik in user testing.

The metrics considered for the performance evalnatvere startup delay and
network usage. Success criteria targets are netugage as high as necessary to
deliver with as small a startup delay as possiblg @n experience as varied as
possible, without creating peaks for usage of netwesources.

The simulations were performed using the Networkusator version 2 (NS-2)
[164] and ElearnTraf, an extension of WebTraf, Web traffic model in NS-2.

The results of the simulations will be presentedhiapter 6.
2.6 User Testing
User tests were run at different stages of theeptpjesting the impact of the

adaptation at different levels and for differenpexds. Testing investigated the

impact of the following on the learning experience:



1. Perceived quality of media and pedagogical approach

2. QoS-adaptive media

3. QoS-adaptive media mix
To get reliable and valid data, the test group usieoluld include similar test
persons. Quality of Experience based on QoS chasgesrd to examine if the
test group has e.g. widely varying motivation lsvel
To ensure access to a comparable group of motiveters for user tests running
over a longer period of time, cooperation with tirecampus language service
was agreed. In addition the online course academitng was promoted by the
International Office and the Office for GraduatesBa&rch. The tests were run with
adult students, aged between 20 and 40, with gootpater literacy and basic to
intermediate knowledge of the subject (EFL/Acadewiating). All the students
were either attending intermediate to advancedi&imgburses at DCU Language
Service in preparation of postgraduate studiesClt) Or postgraduate researchers
from different faculties at DCU. The different ugests were not necessarily run
with the same individuals, but with a comparableug.
To avoid creating too much of an artificial envineent, the tests were run in one
of the regular student laboratories.
Analysis and results of the user tests will be @nésd in chapter 7.

2.7 Summary of Research Methodology

The mixed-method research approach provides gtraditdata from the Delphi
study exploring initial hypotheses, while the expental settings of simulations
and user testing evaluate selected hypothesestfremelphi study. The literature

review provides the initial input for all three par



3 Related Work
3.1 Introduction
A learner is a learner, is a user, is a customéhaesoverarching theme of this
work. This chapter gives a brief overview of thesis technologies and theories
needed to come up with a model and an algorithmaforadaptive e-learning
system aiming at improved Quality of Experiencealihtonsiders the three roles
of the learner. It therefore looks at:

* learning technologies

» adaptive hypermedia

e Quality of Service

» flow experience

* Quality of Experience.
The chapter starts with the section on learningrielogies and gives an overview
on learning theory and learning methods. The sectia learning theories
considers the role of the learner and is the Hasithe following more technical
topics. A sound learning background will help fimglitechnological solutions that
keep the learner in focus. The role of the usengsrius to adaptive hypermedia
(AH); this section looks at the basic architectok AH and provides a
comparison of adaptive and non-adaptive systema é&sstomer the learner will
have expectations on the application Quality ofvi8et which depends on the
network QoS; the concept of network QoS is outlibgdntroducing four basic
parameters, jitter, delay, loss and bandwidth. Atigating experience is an
incentive for the user to return — the flow is attuced as a concept describing the
optimal experience. The final section introducesl@y of Experience (QoE) and
discusses related concepts and the relationshiypebat QoE and User Experience
(UX). The section on QoE combines all three rol@®E being affected by

expectations of learner, user and customer.
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3.2 Learning Technologies

Learning technologies describe theories and methodscilitate learning and
consist of a number of different areas. This sacbatlines selected aspects of
learning theory, different learning methods ancelated psychological concept,
the flow experience. Dewey’s philosophy is chosga avell accepted educational
philosophy which caters for complex learning foarleers with comparatively
high learning abilities. Adult learners as a useoug have different needs
compared to younger learners. Knowles’ learningmhéntroduces the concept of
andragogy [129]. Learning Styles are concepts ofteed in adaptive learning
systems. They are therefore briefly introduced anchmarized, leading to the
topics of motivation in e-learning and multimedeaining [5] [22]. Multimedia
learning [150] [152] in combination with researam motivation in e-learning are
introduced as concepts replacing learning stylesl uis other systems. Learning
methods have been selected for their suitabilityelation to learning theory,
which in turn were chosen, because they seem tadst relevant for the task at

hand, focusing on Quality of Experience of adudiriers.

3.2.1 Learning Theory
Major learning theorists can be differentiated bit suitability for training,

education or self-directed inquiry, which in turancbe described by two criteria,
complexity of the learning task and level of indwal learning ability (see Figure
5) [129]. My work aims to cater for education a@lf-directed inquiry learning.
Education is learning toward a broader perspectike,becoming an innovative
engineer or a creative artist. Self-directed inguearning was developed as a
concept mainly based on Dewey’s ideas [51]. Deweslso known as one of the
founders of constructivism and his theory conndetsching and self-directed

inquiry learning.
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Figure 5: Relationship teaching models and learning situation [129]

The adaptive system which is the goal of this neseaims at fairly complex
learning tasks and consequently the learning thaon technology selection is
mainly based on John Dewey’s ideas and concepétecklto them. Learning
technologies described have been selected for thefability in an adaptive

online learning scenario.

3.2.1.1 John Dewey’s Philosophy of Education

John Dewey’s philosophy of education is most famfousntroducing the concept

of “learning by doing” and the emphasis on learremgeriences. Dewey provides
a conceptual design, based in educational philosoplis theory encourages

individuality, free activity, learning through exjence, learning skills as needed,
as well as opportunities developed in the predeistieaching strategy is guided
by two main principles, continuity and interactiolmteraction needs to be

continuous, building upon previous experiencestand building up relevant and

meaningful knowledge. This idea is grounded onktasic principle of habit, that

every experience will change our perception of feitexperiences, because it

changes the person and thus the person facingllogiing experiences. Dewey
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argues that the value of an experience is detednimyethe perception of the
resulting relationships or other consequences.

Positive learning experiences encourage furthemileg and exploration, but
again “everything depends upon the quality of eigoere” ([51] p.16). Quality of
experience has two aspects according to Deweyealleness and influence on
later experiences. The influence of previous orceseding experiences is called
the continuity of experiencer theexperiential continuumAgreeableness refers to
the fit into the frame of reference of previous exences ([51] p.44).

According to Dewey, knowledge is not accumulatedtfee theoretical case of
application in the future, but it is accumulatedrbgking it relevant to the learner
and creating learning experiences with that knogded

Dewey's theory can be summarized, stating that icoiy and interaction
determine experience. The learning experience foyma situation equips the
learner in new ways for coming learning situatiomsd opportunities for
interaction. Continuity and interaction provide aasure for experience. To fully
benefit from a learning experience, the learningrenment, the subjects as well
as the individual conditions of the learner havéean accordance. Teaching has
to adapt the external environment and to the clmgngeeds and capacities of the
individual learners.

Adaptive hypermedia is characterized by a user matiscribing information
about the user, an adaptation model, describingadiagtation policies, enabling
adaptation to changing user needs and a domainlrii@delescribes the learning
domain in adaptive e-learning systems. More detaitéormation on adaptive
hypermedia is presented in the following secti@swey’s ideas can be mapped

to basic technologies and tools typical for adagptiypermedia [5] (see Table 1).
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Table 1: Concept and Technology Mapping

Dewey’'s Concept Supporting Tools

Technologies

Learner User model n/a
Continuity Adaptation module & | n/a
user model
Avoid overindulgence User model n/a
Free activity Adaptable presentation | Podcasts, blogs, wikis,

multimedia sharing

Learning skills as needed Adaptation module n/a

Individual learner needs Domain model n/a

Develop opportunities in | n/a Wikis, blogs, multimedia
the present sharing

The learner is represented by the user model, wdapkures for example previous
knowledge, learning goal and demographic infornmatidhe continuity of the
experiences is provided for by the adaptation mmdwhich uses information
stored in the user model database and balanceghittine information of the
actual activity and progress of the learn@wrerindulgencglearning skills as
neededand individual learner needss dealt with by the combination of user
model information and adaptation moduteee activityanddevelop opportunities
in the presents not always catered for in an adaptive systétmsan be done by
providing opportunities to make decisions on thepaidity as well as providing
open learning opportunities rather than guidedniegr Opportunities to actually
create or develop something can be catered fonddyding web 2.0 technologies,
such as wikis, blogs or options for multimedia sigr This basic mapping shows
how Dewey’'s theory can support improving QoE in adaptive hypermedia

system.

3.2.1.2 Adult Education

This research is primarily concerned with systersedufor adult education.
Knowles [129] developed an andragogical model fdultalearners. He shares
with Dewey the inclusion of informal, semi-strucdrlearning. In contrast to

pedagogy, which focuses on learning of childrerpauses on learning of adult
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learners. The model is based on several assumpyipes| for learning situations
of adult learners which differentiates them fronugger learners and pedagogical
approaches:

1. The need to know

2. The learner’s self-concept

3. The role of the learners’ experience

4. Readiness to learn

5. Orientation to learning
Adults learn, because they have identified thal thave a need to know the
course content. Supporting the adult learner tbeeaheans showing them where
or how to apply new detailed knowledge in real.lifdults not only vary in
learning style, but more strongly in their goals &heir previous experiences.
Naturally adult learners will bring a bigger vayieof individuals into the
classroom than younger learners and this will afbe learning experience.
Adults usually have a self-concept of being resgmador their actions, which
can easily collide with a hierarchical pedagogteakcher-learner relationship.
The discussion about the need for an andragogicalems a fairly new one —
unlike andragogy itself. Teachers of ancient tirmesh as Confucius, Aristotle,
Socrates and Cicero were all adult educators. ligin that tradition is named
active inquiry learningand it actively engages learners through techsigueh as
case methods, debate and Socratic dialog. Theierperof the adult learner will
be affected by the way the system recognizes thigidual characteristics of the
learner. Accounting for the learner as an adultusing appropriate language,
tasks, and providing opportunities to adapt thaesysto their individual needs

should support QoE of the learner.

3.2.1.3 Learning Styles

Learning styles and cognitive styles are two teoften mixed up and used as
synonyms. Cognitive style describes how we progefsmation in general.
Learning styles describe the way we process infoomain a learning
environment [22]. The role of learning styles haerb discussed widely over the
last 25 years and numerous learning styles modete ®ut of these discussions.

All learning styles models have in common that @itial assessment of learner
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characteristics leads to a categorization of tlenkrs. Learning materials are
then optimized to match the identified learning lestygategory, aiming at

supporting individual learning preferences.

Learning styles can be categorized into familiedeafning styles ([31], p.10),

based on their key concepts and definitions thatslwared within each group.
However, despite all the research and the developofedifferent models, it has

not been established yet that this optimizatiorualtt improves the learning

[175] [148].The following learning styles modelsvieabeen selected previously
for research and/or adoption in the education settee different models can be

summarized in a taxonomy of learning styles mo(kds Table 2).

Table 2: Taxonomy of Learning Styles Models

Key
Concepts - = «
L S 5 [0) S
= = @© = o Qo
2>9 = s 2 =i =
7n O < T = 3 o 5 8
Model 22 g % o D = = 2
¥ 8 F > S o o &N 0} O]
Riding [182] ° °
Witkin [225] ° °
Kolb [22] ° ° ° ° ° °
Felder [61] ° ° ° ° ° °
Myers-Briggs | e Y ° ° °
[22]
VARK [65] ° ° ° °
Pask [22] ° ° °
Dunn & Dunn ° ° ° °
(22]
Gregorc ° ° ° ° L]
[193]
Paivio [171] ° o
4 4 7 5 2 2 7 5 3

The taxonomy categorises the models along key @itsicaef the models. Two
meta-categories become obvious; models are eith@ursing on the type of

interaction with the learning materials (kinestbkstensory, trial & error,
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verbal/aural, visual, read/write, reflective) orseel on organizational issues
(structure, group work, global). Both meta-categ®tave clear emphasis on two
concepts each. For the organizational issues steicand group work are

emphasized; both issues can be dealt with duristguictional design.

The verbal/aural and visual categories are empbddy most models in relation

to interaction with learning materials. Therefotleede are taken as central
categories for consideration of learner preferenassdescribed in multimedia

learning theory.

3.2.1.4 Motivation in Multimedia e-Learning

Multimedia learning theory [150] is based on thaldtoding theory [171], which
states that human cognition processes knowledtyeoiisub-systems
simultaneously. Each of the two sub-systems presesisher nonverbal (i.e.
images, sounds) or verbal information (i.e., spakewritten words). Important
elements of this concept are that humans procesahand verbal information in
different channels, that each channel can onlyafhmited amount of
information at any given time and that learninguiegs involvement in active
cognitive processes such as selecting, organimitegrating [152]. Mayer’s [151]
model for the cognitive theory of multimedia leargioutlines the main processes

in multimedia learning (see Figure 6).

MUITIMEDIA SENSORY WORKING Long-term
PRESENTATION MEMORY MEMORY MEMORY
/ \ ..
/ Organizingwords \
------- - i o Selecting | ~—-—---, ===,
] I I i |words |1 || Verbal |
(Words )NJ | 1o} || 3% model_
- \ o Selecting
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| Pictures | | Pictures | ——F| =
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leages ] I model /
—_— o M

Figure 6: Cognitive Theory of Multimedia Learning [151]
It shows how the components of words and picturesedia are split up between

two sensory channels. The mind makes sense of santtimages by organizing
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them into verbal and pictorial models, influenced grior knowledge from the

long term memory. This also shows that using theesahannel twice, e.g. by
providing on screen the transcript of an audio amation, would cause
redundancy and overload the verbal channel.

Research on motivational techniques for e-learnisigows the positive

motivational impact [211] of alternating delivermcaformat into the media mix
strategy. The change of media format adds an eleofevariability, which has

been identified as another motivational techniqL@/]. A media mix that varies
the media format, presenting one media type aha,tprevents overwhelming the
learner and leaves room for visual rests [29].darses with high equivocality it
supports learning satisfaction [206].

The combination of these two aspects indicates dhatix of different media,

preferably media that caters for information input both channels (illustrated
text with video rather than audio) supports leagnin

3.2.2 Learning Methods - From Guided Instruction to Problem Based
Learning

Although there is considerable lack of clarity wiest students learn better with
guided or inquiry-based instruction, both theorlems/e been implemented in
adaptive systems. Clark [29] found that learneith \ass learning ability tend to
choose a less guided approach although they leamthat way. Higher aptitude
students choosing the highly guided approach orotier hand tend to learn less
with more guidance. Less guided approaches hauve inggemented in adaptive
systems [18] [154] as well as very structured tearhapproaches. The
effectiveness of problem-based learning has beelelwidiscussed with almost
equal numbers of studies in agreement or disagnetewith the method [81]. All
three methods are related to Dewey'’s initial idead in particular the focus on
experiences — which makes them suitable to hal@esardook.

One of the main differences, despite the commoe lbaPewey’s ideas, is the
role of the teacher or tutor [186]. In guided iostion the teacher has a very
active role, and guides the learner almost steptey-in all his or her learning
activities. In inquiry-based learning the tutor iiéates learning and provides
information, activities become more student-centrBdoblem-based learning

requires tutors to facilitate the process of highler thinking, but not to supply
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information. Now the student clearly holds the aetrole whereas the tutor

supports this (see Figure 7).

Facilitate
Higher-order
Thinking

Provide
Information

Give detailed
instructions
what to do

Inquiry-based Learning
Problem-based Learning

Figure 7: Role of the Tutor/Facilitator in Different Learning Methods [8]

Guided learning is what Dewey describes as tradhtitearning. It summarizes a
teacher-centred approach to learning and is nosidered state of the art,
although can be found commonly as state of thetipeacDirect instruction or
guided learning concepts are explained fully ad a&lkthe procedures the student
has to follow and the learning strategy.

Inquiry-based learning describes learning with mdreedom, but also
responsibility of the learner. The tutor or teachelt provides information, but
not all procedures are explicitly presented.

Problem-based learning (PBL) has been describeédeamethod where students
encounter a problem, and then they do a systemgiiry which is followed by a
reflection process [8]. PBL has three aims: 1) mlevan opportunity to acquire
factual knowledge in a useful and for the learrzeerl on applicable context, 2)
learn principles and concepts in a way that fat#itransfer to other problems and
3) gain experience with similar patterns to ansfaire questions.

Guided instruction and inquiry-based learning Wwel used in the prototype to test
the QoE adaptation policies, leaving the decisianthe learning method to the
learner. Access to both types of learning methad movided by a book-like
navigation for the guided instruction and a typieadbsite navigation allowing

access to all learning materials and therefore atippquiry-based learning.
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3.2.3 Learning theory for online learners
One of the first obstacles in e-learning is the that we never or rarely meet the

learners face-to-face. To compensate for this wefay, different concepts and
theories have been developed, learning styles bmiegof the more diverse and
popular ones [100] [23]. There is as much researdavour of learning styles
[67] as there is, showing that learning styles dbhave an impact on the learning
results [148] [175]. Research shows the value @padty based on cognitive
style [213] [83], whereas other research shows leatning is best when it
combines a mix of verbal and visual information§IL{¥ 9], ignoring preferences
indicated by learning style. It has been shown tkatlts do not improve when
adapting to materials the learners have markedreferped [124] [80]. Some
research could confirm that matched materials teduktter learning results [67],
but only for male participants of the study.

Research shows that students learn better wherudtishal material does not
force them to split their attention between muétigburces of information and if
verbal information complementing visual informatisnpresented auditory rather
than as on-screen text [160]. Learning improves #dl@animation and narration
are combined in one source and therefore pressintedtaneously.

Multimodality of visual and verbal communicationsharoven to be successful for
different learner groups such as undergraduateeastiraduate e-learners as well
as educators in higher education [224]. Researstltseindicate that all three
groups prefer more visual communication than isaligwavailable in e-learning
environments. This indicates that visual mateiiled ideos should be included
more in e-learning scenarios aiming at good qualitgxperience for the learner.
It does not imply though to get rid of text-basel@@&ning altogether.

Online learners apparently choose learning masenddich match their learning
styles, but that does not enhance their learnidg][1For my research this means
that completely unguided, open learning might ngp®rt my goal of enhancing
the quality of experience, which combines satisfiactlearning results and

learning that captures the learner’s attention.
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3.2.4 Summary of Learning Technologies
The individual learner can be described by theniegr style, but a synthesis of

the learning styles shows that a lot of the modelstain two characteristics,
verbal and visual communication. Theory points that a mix of media can
provide sufficiently individualized learning. Thisan be considered the core of
multimedia learning theory, in particular that axnaf different media supports
learning and enhances motivation of the learneearners perform best when
both channels, verbal and visual, complement etdwr.0

Dewey’s philosophy of education and its emphasimdividuality, free activity,
learning through experience, learning skills asdede as well as opportunities
developed in the present is the basis for Knowrekagogy, education for adult
learners. Dewey is also the base for learning nustiikie problem-based as well
as inquiry learning. Guided learning on the othandc comes closer to what
Dewey outlines as the traditional learning stratedparacterized by a set body of
knowledge, standards and rules developed in thé fwasdetermine moral
education in conformity with these standards andhiararchical school
organization and very formal relationships betwé#ss students as well as the

students and their teachers.

3.3 Adaptive Hypermedia

Adaptive hypermedia systems “tailor content pres@m and navigation support
to individual users by taking into account a mootelser’s goals, interests, and
preferences” [25]. Adaptive Hypermedia is not a reeea; a brief history of AH

outlines the background of current research, santieecfirst hypermedia systems
and current trends. Most of these systems haveyasumilar architecture, which

is described next. The focus of this research iali@uof Experience in adaptive
and for reasons of comparison, non-adaptive muttime-learning systems. A
selection of these systems are described and cechparelation to their adaptive

potential.

3.3.1 A Brief History of AH
Adaptive Hypermedia System (AHS) is a new genematibhypermedia systems

and research in this area started in the 1980sHigeee 8), bringing together the
two areas hypermedia and user modelling. Hypermedia extension to the term
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hypertext in which graphics, audio, text and hyipgd create a generally non-
linear medium of information. Bringing the user nbtb hypermedia, the non-
linear medium of information is changing accordioghe user preferences for a
device, their goals, knowledge, etc [13] [14]. Exig adaptation models often
have close connections to the Dexter model, on¢heffirst models or they
introduce new technologies to this basic modelhsagc XML (XAHM) or multi
agents (MODA).

Calvi, deBra, Koch &
Houben, Wu Wirsing
Halasz &
Schwartz t T Cannataro |
1996 2002 I Serce

Campbell & : \
Goodman
2008
///// 2002
1994 /
1987 MODA

N

HAM \_ '\

existing
adaptation
models

Figure 8: An incomplete family tree of Adaptive Hypermedia

HAM , or hypertext abstract machin@as one of the first systems and it was
developed around 1987 by Campbell and Goodman [Rik].a transaction-based
server for a hypertext storage system and consfstentexts, nodes, links, and
attributes that form a hypertext graph.

The Dexter reference modelwas developed by Halasz and Schwartz [89] in the
early 1990s. It divides a hypertext in three layéne run-time layer, the storage
layer and the within-component layer, with a foars the storage layer. The
storage layer models the node and network structtie hypertext. Within-

component layer describes exactly that, the cordadtthe structure within the
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components of the network. The run-time layer finplovides tools for the user
to access view and manipulate the network structure

AHA! was inspired by the Dexter model just like the Mtnreference model.
AHA!, the adaptive hypermedia architecture was devdlap¢he Netherlands by
a research group around Paul deBra [42]. In 1996ndine course was enhanced
with adaptive content and linkingHA! version 3.0 has been released in 2007.
The two main components of the system are the ealgine, which generates
updates of the user model out of the user’'s actams the adaptive resource
selection, which provides the adaptation of theteanand the navigation. There
are a number of side projects, e.g. LAOS, the airthanodule [40]. Learning
styles have been implemented [201] for AHA!. AHAdshbeen used in a lot of
research in adaptive hypermedia, because it iyfesailable, although not well
documented.

The Munich Reference Model [130] is also an advancement of the Dexter
reference model, similar to the adaptive hypermedihoring model (AHAM), a
model developed in the vicinity &AHA! The novelty in the Munich reference
model, is that the object-oriented specificationwstten in UML (Unified
Modeling Language), combining a visual represeomatiand the formal
specification in OCL (Object Constraint Languagé#).adds user modelling
aspects and rule-based adaptation mechanisms tocithe!.

XAHM is an XML-based adaptive hypermedia model andrepaesentative of a
number of similar reference models e.g. [4], talemgsting models and enhancing
them by using XML for the description of metadatzo@t basic information
fragments and to adapt "neutral” pages. XAHM isdoaon three different
"adaptivity dimensions": user’s behaviour suchpasferences and browsing
activity; technology such as network and user'snteal; and parameters for the
external environment such as time, location, lagguaocio-political issues, etc..
MODA [192] is a multi-agent module to provide microdéwadaptiveness in
learning management systems and represents thentpaip of two types of
systems, adaptive and learning management systéheye are currently a

number of projects aiming at either making adapsiystems more user friendly
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or making learning management systems adaptive, A.§ (http://www.als-
project.org/), Grapple (http://www.grapple-project/).

3.3.2 Basic Architecture and Features of Adaptive Hypermedia

AHS refers to all hypertext and hypermedia systaigh collect information on
the user, stored in the user model and then aglafsrs features accordingly [14].
The architecture of an AHS for e-learning, an adapgearning system (ALS) not
only consists of a user model, but also includderaain model and an adaptation

model (see Figure 9).

/—Adaptive Learning System—\
3 >

User i
Domain

Adaptation
Engine

Adaptation
Model

AN J

Figure 9: Basic Architecture ALS

The user model represents characteristics of tee their goals, their knowledge,
and their device preferences. The domain modelkesgmts the concepts of the
subject domain and it describes these concept tstasc as concept maps,
semantic networks or concept graphs. The adaptatiodel connects the two
previously outlined models and any models relevantthe adaptation to the
user's needs, using adaptation rules. It thus esabidividualized selection
matching the preferences of the user.

Adaptive hypermedia systems are used in domaie<lilearning, e-commerce, e-
government. The most popular adaptive hypermedsiesys are web-based
systems. In recent years, e-learning is used inde wariety of contexts, from
companies to secondary schools and universities.

In contrast to traditional e-learning and face &oef education systems, which
deliver the content of the course in the same veayelery student, adaptive
educational hypermedia systems adapt to the leafhercourse can be adapted to
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the learner’s goals, abilities, needs, interestsl, knowledge, as defined by the
user model.

Depending on the user model the adaptive hypermsgitem will guide the
learner what to read and learn and will changecti@ent, navigation or other
adaptive features of the system accordingly. Thtéhats and techniques mainly
applied are adaptive navigation support and adaptigsentation.

In order to present the content to the learneritiielevel adaptation adapts the
structure of the navigation path to the user modielvery learner. The navigation
support changes the link structure, the link desitom and how these links are
presented.

In [14] we find a classification of the Adaptive Wgation Support (see Figure
10).

Direct_g_uidance
| Hiding
o _' Adaptive link hiding /| Disabling

-i_a_'-".dapti'l.re Mavigation Suppnﬂ_'l-é;' | Removal

|\__Adaptive link sorting

\ _ Adaptive link annotation

Figure 10 Adaptive Navigation Support

With direct guidance the student is lead to théoWihg step by a “next” or
“continue” button. If there are many links provideztaptive link hiding is an
option, which disables or removes irrelevant linksnk anchors can also be
represented in different ways (wording, style apdearance) depending on their
importance by link annotation. If a list of links presented, these can be sorted by
their importance. Figure 11 shows an example ofptga navigation from
Knowledge Sea [15].
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Figure 11: Screenshot Navigation Knowledge Sea

Adaptive content presentation adapts the confaccording t the goals,
knowledge background, knowledge level, learnindestyan( other informatior
from the learner or user model. For example a legirmay require sorr
explanation for a technical ternr need a simple version of a course, whil
more advanag learner might prefer a mocomplex version. Depending on th
preferences some learners might prefer text, witiers learrmore easil with
audio material osom¢ other media format.

Figure 12 shows Brusilovsky’s adaptive presentation taxonoamd the :
categories of adaptive presentation adaptive mattim presentation, adaptati

of modality and natural language adaptat

Adaptive multimedia preseantation

i -, ) ) Matural language adaptation
i Adaptive Presentation <, Adaptation text presentation -
e e 5 Canned text adaptation

\ adaptation of modality

Figure 12: Adaptive Content Presentation

Adaptive multimedia presentation is the manipulatod multimedia content lik
video or image quality and size. Adaptation of niibgas the selection of the
type of media and the most used text presentaiatural language adaptation

still hard to implement; «called canned text adaptation relies on methods
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inserting and removing fragments of (conditionadxtf altering fragments,
stretching text, sorting fragments and dimming rinagts.

3.3.3 Adaptive versus Non-adaptive Learning Systems
The variety of e-learning systems can be dividedeurmany paradigms. A recent

study [95] divides the systems into popular andptida systems. The following
paragraphs highlight a few of the systems investjaRelevant adaptive e-
learning applications using the technologies oatipreviously are mainly used
in research, while the popular Learning Managensgstems (LMS), and usually
cannot provide adaptability.

All non-adaptive systems presented are open-sosofevare, because this
enables modification, which is more suitable fe@ch. Most of them are used
in universities as well as for training purposebe Torief introduction lists the
main features and provides a screenshot. The stretsnare not meant to enable
detailed analysis of the GUI. They should ratheegan overall impression and
enable the reader to see the commonalities of treadaptive, but popular
systems and their difference to the less desigriaptave systems following
afterwards.

Moodle [53] is a learning management system (LMS) and rlaene was
originally an acronym for Modular Object-Oriented yiamic Learning
Environment. Moodle is guided by social construtsb pedagogy, and therefore

works well for implementing teaching that followemey’s ideas.

Lsent s 8 0 LA -4 s v 2 e oy o = e s v

e, Db 3 00 (PR I, ol 400

urse: 2008/2009 EE545 Data Network Protocols

29 September - 5 October

6 October - 12 October

Figure 13: Screenshot Moodle
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Dokeos[52] is a course management system (CMS) and evolved tihe LMS
“Claroline”. It enables SCORM import, edit and erpcSCORM stands fc
Sharable Content Object Reference Model and itcollection of standards ar
specifications for dearning¢ [72]. Social interaction is supported by tools sucl
forums, chats, groups and web conferencing. E»ve documentation for use

and developers alike is provided in the Dokeos \

srie-wisw | (@) Help

Customise the Course Home 0% @

Learning path & Documents 4
Tests &b Links 4

Course description &5

Forums 45 Chat @&

Student publications &% Dropbox &5
Announcements &b videoconferencing &5
Reporting Course settings
Users &5 Groups &%

Agenda &5

Figure 14: Screenshot Dokeos

Claroline [30] is web based CMS and it is under The GNU Generalli®

License. Documentation is available in a wiki invesal languages. A forui

provides the opportunity to exchange experiencesaak gestions on all aspec
of a CMS.

Claroline 1.8.2 Demo Claroline.net

Florence Ortmans : My course list | My calendar | My Liser Account | Platiorm Acministiation | Legeut

Agenda next events

3 worvtay Narch 05, 2007

F I eiina lle
textrane_iightine himl fie

P Edi text zone

Claraling Open Source e-Learning

This text zons is displayed 1o each user, Platform administrator can change its content or remove it by
011G INE TexTzone_top.Inc.nem file

FEdit text z0re

oursenst | B create a course ste | 8 Enrol on anew course | O Remove course envoment |80 an
platferin com ses

+ My courss list

Figure 15: Screenshot Claroline
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Sakai [185] is a collaboration and learning environment (CLERIso provides
SCORM compatibility. It specifies the sequence imichi a learner will
experience the learning objects, which restrictsléarner’s choice which path to

take through the learning material.

e )

CS&101 SEM1 2008/8

Get 31, 2008 1200 am Mo 2+, 2009 L1155 pm

Closesd | 0ot 31, 2008 32,00 am Moy 24, 2008 11155 pm 130 L

rSmart Sakai CLE

Figure 16: Screenshot Sakai

llias [112] is a web based LMS. It provides a repositwith role based access
control, learning content in different formats (XMISCORM, AICC) and
standards compliance with LOM, SCORM 1.2, SCORM4£ZaMS-QTI, AICC.
Web 2.0 features supported are chat, forums, R®glé maps support and

podcasting.
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Figure 17: Screenshot OLAT

The following paragraphs outline the two most usadaptive e-learning
platforms, both are open source software. The $ystem presented, InterBook,
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is only available as open-source software for M@asin. The systems are mainly
used for research purposes. The brief introductlists the main features,
additional information and a screenshot.

InterBook [113] is a tool for authoring and delivering adegt electronic
textbooks online. It applies principles of adaptiwgpertext and hypermedia. Its
individual learner model for every user enablespéida navigation support and
adaptive help. Its adaptivity has been improveddybining it with AHA! (see
Figure 18), the system introduced next. The newsiger is called
InterBook@AHA! and it combines the easy contentaligwment from RTF files
and the presentation interface from InterBook wite adaptation engine from
AHA!. Adaptive features are link annotation by am@and icons and conditional
fragments hiding non-suitable content. It furtherengrovides help through

generated "suggested readings".

FlnterBook Manual -
¥4 Tsing InterBook
¥4, 2 Textb ook window

4.2.1 Text window
9422 Concept bar
94,23 Navigation bar

<

You have read 6 pages and still have 32 pages to read - Background:
Log off

[BACK]

. @ section preface ©
4.2.1 Text window [ssnyeuynss
@iexthook
@Textbook
Window *

The lower left subwindow of the Textbeok window is the
Text window. This window shows a particular section of
the textbook: that is called current section. It can be a
terminal section or a high-level section (the most high-level
section is the mterbook ftself). For a terminal section the
Text window shows the title of the section and the section @ cusrent section *
itself. For a high-lewel section the Text window shows the @42 Textbosk
title, the seetion preface (f existing) and the full table of niLaE,

list of hierarchically structured.
swrn to terminal level). All names

Ouicome:

421 Text windaw

@t windowe *
of the

kable links
The section text in the Text window is preceded by an
adaptive colored bar, which shows the educational status
for the current section using the same color metaphor as [y

Figure 18: Screenshot InterBook

AHA! [42] (see Figure 19) is an open-source project iammtovides adaptive
presentation support, adaptive navigation suppod &nk annotation. The
adaptive presentation includes adaptive multimgai@sentation, adaptive text
presentation and adaptation on modality. The adapéxt presentation initially
was the most unique feature of the system togetitérinserting and removing
fragments, altering fragments, stretch text andmiimg fragmentsAHA! has a

web-based adaptive engine and is built on Java&dachnology. It works best
with Apache/Tomcat, but it also runs with othervees. The authoring is

implemented through Java Applets. AHA! consistsaofeneral-purpose user-
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model combined with adaptation rules. In versio@ B. particularAHA! uses

Figure 19: Screenshot AHA!

Most adaptive systems are used in research tatesimplement new adaptive
techniques, but they lack a rich interface foruker (student).

Adaptive e-learning systems provide adaptive ggdimk annotation, link hiding
and adaptive presentation support. But they provideer features for
collaboration (chat, audio and video conferencifigey do neither invite human
interaction nor strengthen individuals’ social netks [95].

CMS or LMS typically do not provide adaptive feasr but they have a rich
interface. They usually also provide communicatityols and tools for
collaborative e-learning. A comparison of both typHf systems with selected

features highlights this and it is shown in Tahle 3
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Table 3: Selected Features of e-Learning Systems [95]

X
System w ° S
Q 5 = — o
£ S g < 5
o o 35} T =
Feature o = » < =
Adaptivity
Link Annotation X X
Link Hiding X X
Adaptive Presentation X X
Learning
Management
User Group Support X X X X
Stored Learner Model X X

3.3.4 Standards in e-Learning
E-learning courses are often developed in the gbmiielarge company projects.

Standards were developed to enable reusabilitgraperability and to support
guality management. Prominent standards are IMSL. ACORM and AICC
specifications [173]. SCORM enables content sequgncwhile IMS LD
describes learning scenarios [72]. AICC specifaresi were one of the first
standards available [197] and supports launchescolurse and receiving tracking
and scoring information. The diversity of standatdss triggered mainly two
reactions in the context of adaptive hypermediae fiifst is to argue that most of
the standards do not support adaptive e-learnirificismtly [173]. Secondly
many of the existing standards do not have sufftdieol support yet and it can be
argued that this should be the main goal beforeeldping more standards
without sufficient tools, technologies and methadpes support [54] [158]. Both
arguments are strengthened when considering SCO&RMi@nce for
multimedia e-learning, since most standards evolk@d concepts including a lot

less different media.

3.3.5 Authoring Adaptive Hypermedia
The authoring process for adaptive hypermedia esatble provision of courses

that can be adapted to various conditions, which lma defined in the adaptive
system. This authoring process has to considemn#ezls of the author, who
increasingly is a non-technically trained persoi][3The necessity to define
adaptation strategies led to the development gfegialized language [39]. This
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was followed by research to make strategies writtethis adaptation language
reusable [103] and finally merging strategies fatharing adaptive hypermedia
[190]. While these strategies enable authoring ofp#ve courses, the
implementation is often not suited for non-techhiaathors. Initial authoring

tools aimed to enable the authors to feed couragenbinto an adaptive system
without having to interact directly with the ofteomplex adaptive systems [38].
Current authoring tools aim for a shallow learningve from the authors [71] and
enabling transformation of existing linear into piikee modules [69], also

providing specialized support for the authoringtggies [70].

3.3.6 Summary of Adaptive Hypermedia
The majority of current adaptive systems are ddrifrem the Dexter model,

which was developed almost 20 years ago. The meaiufe that is still
maintained is the three layer structure, consistintpe run-time layer, the storage
layer and the within-component layer. The basitigéecture of adaptive systems
consists of the user model, the domain model anddaptation model. This
enables the adaptation of either content or naweigatdapting to a variety of
parameters. In e-learning there are a number ai sparce hypermedia systems
available. They are either called learning managegmegstems such as Moodle
and llias or course management systems, Dokeo€kmndline and finally Sakai,
a so-called collaboration and learning environmekit. of them are virtual
learning environments (VLE). In comparison to thesgstems AHA! and
InterBook, both adaptive platforms for e-learnipgovide adaptivity that enables
individualized system features, however these tdaptve systems lack the
possibilities for collaboration and are less usemdly and due to less GUI

design effort.

3.4 Quality of Service

The following section highlights Quality of ServicQoS) concepts and
parameters relevant for applications commonly usedultimedia e-learning.

In the context of this research QoS attributes gadameters taken into
consideration are loss, delay, jitter and bandwidtpplications considered are
web access, audio and video.
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3.4.1 QoS Target Values

The International Telecommunication Union (ITU),United Nations agency,

provides a number of target performance param¢idi®]. The parameters are

recommendations for end-user multimedia QoS caiteg(see Table 4).

Table 4: Target Performance Parameters [119]

delay
Service typical amount one-way variation |information
Medium |application of data / data rates delay (jitter) loss @
high quality 1-2 Mbit/s timely delay
audio streaming audio |16kB/s to 128 kB/s®  |~10 sec <<1 msec |< 1% PLR
16kB/s to timely delay
video broadcast 384 kB/s ~10 sec novalue |[<1% PLR
Preferred <2 sec/page
webbrowsing Acceptable <4 sec/page
data HTML ~10 kB responsive delay ~2 sec n/a Zero
Preferred <15 sec/page
bulk data 10kB to Acceptable <60 sec/page
data transfer/retrieval |10 MB timely delay ~10 sec n/a Zero
Preferred <15 sec/page
Acceptable <60 sec/page
data still image <100 kB timely delay ~10 sec n/a Zero

The recommendations provide a first indication Wwhg@arameters are of special

significance for the different media and applicatio

The tolerance towards QoS parameters depends apfiieation (see Table 5).

In case of multimedia e-learning web access, awid video on demand

applications are taken into consideration.

Table 5: Stringency of QoS requirements [210]

Reliability |Delay Jitter Bandwidth
Web access High Medium Low Medium
Audio on | Low Low High Medium
demand
Video on | Low Low High High
demand

Web access can tolerate jitter, but requires medsamdwidth and only some

delay, while reliability has to be good. Audio amdieo on demand have the

strictest QoS requirements. They require mediurgated bandwidth and cannot

tolerate jitter very well, reliability and delayeatolerated though.
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From the different approaches to QoS in adaptivéimedia it becomes obvious
that bandwidth is the most important parameterctviiso has an effect on delay,
jitter and loss.

Table 6 introduces QoS classes according to ITOmesendations [119], which
can be used for reference. IPTD denotes IP packedfer delay, IPDV represents
IP packet delay variation, IPLR stands for IP padsss ratio and IPER denotes

IP packet error ratio.

Table 6: ITU-T QoS classes [59]

Network Class Class Class Class Class Class
parameters | O 1 2 3 4 5

IPTD 100 ms | 400 ms | 100 ms 400 ms 1ls undefined
IPDV 50ms |50 ms undefined | undefined | undefined | undefined
IPLR 0.001 0.001 0.001 0.001 0.001 undefined
IPER 0.0001 | 0.0001 | 0.0001 0.0001 0.0001 undefined

These QoS classes can be used in a QoS referaabled196], which compares
QoS metrics with corresponding classes. A QoS t& @Qmpping based on the
reference table shows that QoE requirements vargifierent users and QoE can
be improved relative to the individual, which als®ans that a fixed QoE-QoS
mapping is not optimal.

3.4.2 QoS and User Perception in Adaptive Multimedia

Adaptive multimedia has to be distinguished frona@tve hypermedia. It is the
area on adapting streaming media. User perceptiadaptive multimedia can be
approached from a number of different angles. @saB6] adapts encoding
quality to different network conditions, aiming at maximization of user-
perceived quality. It is possible to degrade thalityy as long as the video stream
is uncorrupted. The human vision system (HVS) wadiapt to quality changes
after a few seconds, therefore continuous qualignges soon become annoying.
Quality of Perception (QoP) is a concept which haen developed to enhance
the previously outlined concept of QoS. Ghinea [@&§cribes it as the ability of
the user to synthesize and analyze informationatert. Initially QoP has been

researched as a video specific concept. QoP is @dafyp network parameters.
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QoP of video, audio and text are mapped to QoSnpetexs bit error rate,
segment loss, segment order, delay and jitter Tedde 7). Although one might
expect that QoP for videos is most affected by &doss, it is actually most
affected by change in segment order, while audipires that no segments are

lost.

Table 7: Conversion matrix linking QoP to QoS [77]

QoP to QoS QoP

MAPPING Video Audio Text
Bit error rate Low Low Low
Segment loss Low High High

QoS | Segment order| High Medium Medium
Delay Medium Medium Low
Jitter Medium Low Medium

Ghinea [78] states that user motivation to viewrasentation has a stronger
impact on the reported QoP than technical perspgeciihe QoP concept evolved
further when looking at user perception in disttézl multimedia quality,
expanding a quality definition by Wikstrand [86].hd new, refined model
differentiates between two perspectives, technaadl user perspective, and
considers three levels, network, media and conémels. Parameters defining the
network level are delay, jitter, bandwidth and losghe media level is
characterized by frame rate, bit rate, screen wésaol, colour depth and
compression technique. And finally the content lesedescribed by the level of
enjoyment and the ability to perform a defined tdekmore recent research [79]
the model has been applied to an educational cbatekhas been combined with
the cognitive style concept of field dependencespehdence. The results do not
show any impact of QoS or cognitive styles on tld@f the users. The results
allow for the interpretation that in bandwidth ctaged environments play back
at maximum quality and consideration of cognitites for the personalization
of multimedia systems is neither necessary norfakelp
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Another adaptation scheme for streaming video,sthealled Quality-Oriented
Adaptation Scheme (QOAS), also considers user-pedequality (QoP) in
combination with network performance parameter$.[76

QOAS adapts the video according to a five-state ehaénging from highest
quality over above medium, below medium and medjumality to lowest quality.
To evaluate the impact of QoS on QoP in an edutaltioontext [156] content
type can be analyzed and videos then compresseddaugly. Four categories are
differentiated, a full view of the classroom, asdeup of the teacher, slides and a
typical shot in a question and answer session. mBpg on the content and the
respective compression, bandwidth demands varys tlamngeting bandwidth
bottleneck situation which are the main constraagides packet loss.

A further approach to adaptation for internet vidgoeams considers receiver
buffering, which adapts the video quality througariations of the available
bandwidth [172]. The main aspect here is to favwmpoth video of lower, but
still acceptable quality, to jerky video at highegtality. The smooth video is
enabled through an adaptation of receiver-buffdsaddwidth variation. This
requires feedback on bandwidth and round-trip-fRi€T) sent from the receiver.
Ghinea presents a QoS-QoP mapping [77] which ig senilar to basic concepts
of computer networks. His mapping points out thigieo are most affected by
disruption of the segment order; audio and texinaost affected by segment loss.
From this he interprets that the information trenshbility of the media is
depending on the respective network parametersptatian therefore needs to
consider the type of media when evaluating and tatapo network conditions.
Ghinea found that media quality can be reducedifsggntly without users
noticing [80], irrespective the cognitive styletbke learner and without an effect
of underlying QoS parameters on the perceived tyuali

Verscheure [216] recommends considering codingabé and packet loss jointly
to predict the video quality for high-resolutiondebs transmitted over lossy
networks. The impact of packet loss depends orceimepression algorithm and
the available bandwidth; the higher the bandwit#hhigher the encoding quality
and the lower the packet loss rate (PLR). Thishrea@n optimum after which the

quality drops again even if more bandwidth is aldé. This effect enables
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reaching a good, but very instable quality levdieToptimal average bit rate is
influenced by the video scene type, but is faingapendent of PLR. The optimal
average bit rate can therefore be extended throngbhanisms like adaptive
quantization or forward-error-correction (FEC)-lds@rotection. Adaptive
quantization varies the step size for efficient poession based on changes of the
input signal.

3.4.3 QoS Metrics

QoS metrics describe delivery characteristics ardofien metrics for image and
video services and can be classified as subjeptethods, objective methods and
reference-based methods [57].

Subjective methods require a human being involvedhe evaluation of the
quality. ITU [120] has specified how to subjectiveineasure quality in a
controlled test environment. Quality measuremetiteeiuses one medium, as in
single stimulus continuous evaluation (SSCQE) atippants are shown two
versions of the medium in different quality, in ¢l stimulus continuous quality
scale (DSCQS). Both methods pool the voting of plaeticipants in a mean-
opinion-score (MOS), a widely used measurementvideo quality. MOS has
two main disadvantages though: 1) it is very cursbere and cannot be
implemented in real-time and 2) it cannot be immated automatically. This
makes it unsuitable for any real-time evaluatio?22]]2

Real-time evaluation applies objective measures eamd be differentiated in
psychophysical and engineering methods. Psychogdlysiethods are based on
aspects of the human visual system (HVS). On tleehamd these models and the
metrics based on them get very complex and compotdly expensive, because
they are modelled on the human visual system. IBan that is their benefit; they
are very close to human perception. Some examplethis method are picture
guality prediction based on visual models [144kual discrimination models
[142] or multidimensional modelling of image qugliL47]. Engineering methods
are mainly based on image analysis and featureaaiin, sometimes in
combination with some aspects of HVS. These casirhbple numerical measures

[58], based on measuring simple features like nbzexd mean square error
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(NMSE) and peak-signal-to-noise-ratio (PSNR) orencomplex extraction and
analysis algorithms.

Reference-based methods summarize quality metrieperdling on their
relationship to reference information. There ane¢hmain types: no-reference,
reduced-reference and full-reference methods. Meyearce methods have no
information of the original medium available. A eet survey [57] comes to the
conclusion that reduced-reference quality assessmwsthods are a good
compromise between full-reference and no-referene¢hods. They provide a
measure of quality degradation rather than an atesguality measure, but on the
downside they have a big overhead.

All the QoS metrics are looking at the receiveresid the transmission, which in
our scenario could be too late for the adaptatiecision. PSNR as a commonly
used method is more detailed than human percepfibis. difference in detail
granularity makes PSNR unsuitable for the assedsimeser testing.

3.4.4 Summary of Quality of Service
The network performance parameters loss, delaybamdwidth are commonly

used as input for adaptation decisions among naegptation schemes. These
parameters have to be evaluated differently depgndn the media used. The
ITU QoS classes can be seen as basic referencesvilu adaptation decisions
based on network performance parameters. Thisregueal-time estimation of
said network parameters. More complex measure®©8f€pch as PSNR as one of
the commonly used full-reference QoS metrics canbet considered for
adaptation as they require big overhead and looRQa® after the adaptation
decision. It is possible that subjective testinglddbe used to outline adaptation

policies which would then be complemented latehwibjective parameters.

3.5 Flow

Flow affects navigation patterns as well as theuency of repeat visits on
commercial websites [195]. The success of visitpedds on the level of
involvement and flow and has been defined as “thgesn which people are so
involved in an activity that nothing else seemsnatter” [41]. We will look at the

flow experience in computer-mediated environmelit$low has such a strong

impact on internet users, it most likely has anuerfice on e-learning. Previous
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research on QoE in e-learning [97] has not takehdbncept into consideration.
The summary looks at the benefits a remote ledroer the initial scenario can

get out of the different aspects of flow.

3.5.1 The Concept of Flow Experience
The concept of flow was first introduced by Csikgrsihalyi [41] and it

represents the optimal experience or complete pbeorwith an activity. It is
characterized by 8 dimensions, which can be divideth three stages:

antecedents, experiences and effects (see Figiire 20

Flowantecedents | —> Flow —> | Flow consegquences

Bl Merging ofaction ] Lossof self-
immediate feedback and awareness consciousness
B Challenge & skill | Fncu-sed. B iciorion

balance coneentration
- Self-rewarding
experience

Clear goals &

Sense of control

Figure 20: 8 Flow Dimensions (Csikszentmihalyi) [41]

The dimensions allocated to the antecedent stageaaclear set of goals,
immediate feedback and equilibrium between chaflengnd skills. The
experience stage is characterized by the mergirgtain and awareness, focused
concentration and a sense of potential control. Tihal effects stage is
characterized by a loss of self-consciousness, diistertion and a self-rewarding
experience.

Flow as the “optimal experience” is based on tlesvftheory’s assumption that
flow is a channel between anxiety and boredom, roeted by the skill and

challenge ratio [41], which formed the original nebdf flow (see Figure 21).
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Figure 21: Original Model of Flow [41]

This model was developed further to the four-chbmmedel of flow, which
distinguishes states of anxiety, apathy, boredonoh flow (see Figure 22). Just
like the original model it is based on the challerapd skill balance. Anxiety
being the state where the skill is considerableelothhan the challenge, apathy
where low challenge meets low skill, boredom thaation of high skill and low
challenge and flow when high skill meets high cradje.

ANXIETY

CHALLENGE

APATHY BOREDOM

SKILL

Figure 22: Four-channel model of flow [108]
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Research shows that a number of typical onlineviies are related to flow.
Information searching or surfing and following hylpgs, reading, writing,
online social interaction via chat or VolP, activetreating something and
watching videos are typical activities supportihg flow experience [64].

3.5.2 Flow experience in computer-mediated environments

The concept of flow and its
impact on online marketing
has been explored extensively
by Hoffman and Novak [168].

Challenges ——»

Telepresence / PLAY

TG — __— They developed a conceptual
ocuse
Attention / l model that shows the impact
Positive  Exploratory of the balance between skill
Affect Behavior

and challenge as well as
rioue 23 Adapted version Conceptual Model (0] interactivity on flow and its indirect
impact on exploratory behaviour and positive affe(dee Figure 23). Their 4
channel model (see Figure 22) shows that flow riectly opposite to apathy and
that flow corresponds to enjoyment, positive affemttivation, concentration,
creativity [108].

The person-artefact-task model [64] describes tages of flow, which are flow
antecedents, flow experience and flow consequentes computer-mediated

environment (see Figure 24).
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Figure 24: Stages of flow and person-artefact-task model of flow antecedents [64]

In the P-A-T model the description of the persohrizken up into a description of
traits and state, where the trait is the uncharigepbrsonality and the state
describes the dynamic moods of a person. Artetaetgither tools or toys, where
tools are things used for external sake [146] awyh tare things that bring
enjoyment by interaction with them. In computer-méetl environments the
artefacts have a more prominent position than detiat context. Flow occurs in
a task-artefact interaction as well as in persgk-tateraction. This basically
means that a fit between the tool used to do a d@asWwell as the fit between a
person with certain skills and a task that repressarcertain challenge can bring
people into the flow experience.

Information searching, pure navigation or surfimgl aeading of incoming e-mail,
posted news in newsgroups or web articles are hkesf to get people into flow.
Chatting is also very likely to lead to a flow expace [26]. Factors that inhibit
flow are slow downloads, websites without a cléarcsure, failures in navigation
and searches, advertisements and boring siteddhait change [183].

Flow in computer-mediated environments is base@sikszentmihalyi’s original
model of flow [41] (see Figure 21). Some reseanmclil@wv in website users shows

that the flow experience is characterized by tims&todtion, enjoyment, and
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telepresence and the factors that affect informatning most are attractiveness
and flow [198]. Flow is most affected by the attnaeness and the speed of the
website. In a state of flow users tend to showeaased learning activity which
leads to a change of attitude and behaviour. THesieeresponse speed directly
affects the evaluation of the content of the weband through this has an impact
on the perceived attractiveness. Attractivenesshenother hand also positively
influences how people perceive the ease of useeofMebsite. The main results
here are that flow and attractiveness are mairofacaffecting learning. This
seems to contradict most other research on flogvlearning. The reason could be
different user goals in websites with informatiocahtent, such as the website
used by [198] and dedicated e-learning websitehatdeural patterns, which
ultimately determine flow, are very different incemmerce and e-learning
websites [204]. E-commerce users’ activities aedpminantly directed towards
buying or searching, as well as browsing and kndgaebuilding to support the
process of buying. In e-learning on the other hasdrs look for social and

collaborative activities, while learning is the t@hpurpose of the online activity.

3.5.3 Flow experience in e-Learning
The balance between skill and challenge is theéisgapoint of most research on

flow in e-learning [194] [176] [131] but there avery different conclusions as to
the significance of the skill-challenge balancensouse the balance to measure
flow [177] while others use the skill-challenge date in combination with
artefact selection as a means to keep studenteifidw [131]. There has been
some criticism on the approach to measure flowutpnoskill-challenge and its
impact on e-learning when it is based on self-edion of the skills. Women tend
to estimate low skill levels for themselves and thas been related to low self-
esteem rather than low skill levels [194].

A result of previous research is that learners sldfferent flow patterns
characterised by typical sequences of the diffeflemt states. Learners who are
characterized by improving between pre and poss-ta® initially in the flow and
then move on to anxiety. This group showed signoef up to a certain point in
the online material, after which most of them movedards the anxiety area,
where their skills are lower than the challenge7[1These learners tend to give

44



up or leave the website altogether. For instruetiatesign or the estimation of
knowledge levels in an adaptive system this camarbéndication to better tailor

the learning materials at that point.

Flow has been identified as a factor with a positffect on learning [131] [106]

[128] [198]. Flow is beneficial for learning for bmreasons. Flow during a task is
determined by clear goals, appropriate feedbackabalanced skill challenge
ratio. All these factors lead to an enjoyable am#nse interaction with the

learning materials. Secondly flow experiences #enccalled autotelic, enjoyable
for their own sake. This makes learners come badkxperience it again, or at
least they are less likely to be distracted by gbing else, which often is a
problem in e-learning [176]. Learners in the flohow more contentment and
satisfaction with their learning. Identifying whatauses flow provides

instructional designers with clues when to use Wwiype of media, e.g. at what
time a video is required or when it is just a nigdrave. Although computer

literacy does not affect flow, computer attitudes tzmn effect on learning [106].
Flow experience has been found to show an influericeedia content [121].

Flow is independent of age, gender, training exgmee and computer literacy
[131], however it is recommended that learning tetbgies should be

transparent, to avoid that the learner is distchfri@m learning by technology.

3.5.4 Measurements of flow
There are two main approaches to measure flowngun at the end of a learning

unit. The measurement granularity is critical both approaches. If it is too fine-
grained there is the danger of interruption, ondtier hand if the measurement is
too coarse-grained it might be biased by individeants, e.g. those closer to the
end of the unit. A process measure of flow hastwsier both approaches.

Flow has been identified, but without taking a % view, which would enable
to detect the progression of flow through a paléicactivity.

[176] measure skill and balance during and afteeise8 minute long learning

units, combined with pre and post-tests to medsam@ing (see Figure 25).
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Figure 25: Progress through activity [177]

The skill-challenge probes ask learners for a gatin a 5-point Likert scale after
each unit. Interactivity such as page navigatioouse clicks, activities used and
time spent on selected activities is logged. Flsunterpreted as happening when
skill and challenge are in balance. The challengek skill ratings are then cross
tabulated with all response pairs, which can therclassified as indicators of
anxiety, flow or apathy of the three-channel modelflow. Data from these
probes are then taken to describe the flow-patutyir the activity.
This flow-path is translated into a challenge-shilbt. This can then be used to
define a from-flow-distance, which describes how feom the flow-line
(challenge/skill=1) a challenge-skill ratio is. Threm-flow-distance is shown as
signed values, where maximum anxiety is expressgd-lb and maximum
boredom by +1 and flow is represented by 0.
The end of session survey consists of a questimmath 11 items measuring
control, interest and enjoyment. Questions arexample:

» | feltin control of what | was doing

» | was absorbed intensely by the activity
The post survey does not reflect the overall floygezience so much, but rather
expresses feedback on outstanding points duringetiraing path. It is therefore
possible to omit the post survey if it is too bigad put more emphasis on the
challenge-skill-probes during the learning.
Shin [194] used a post survey with the so-calledwIer virtual-course flow
measure to assess flow with this 5-point Likertsioenaire. The VFM combines
questions regarding sub-constructs of flow sucheapyment, telepresence,
focused attention, engagement and time distortii®1VFM is based on previous
flow research [74] [198] [168]. In addition to tM&M the method also measures
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concentration, having a clear goal, skills, chajeshand satisfaction. This leads to
a very long questionnaire, which produces a lotata, but which also makes
unsuitable for more than once off flow measurement.

Konradt et al. [131] used a multiple-level evalaati collecting data on flow,
guality of experience and training success. Thasldeto an overall working time
of 150 minutes of the participants, which provedeounfavourable to the overall
results. The restrictive and comparatively longresy assessment had a negative
impact on the overall evaluation. Lessons learnewh the procedure include:

* Learners need autonomy, e.g. free navigation, blexitiming, use of all

available functions;
» Combining the learning program with the learningessment leads to a high
degree of standardization, which was seen as negati

» Length of 2.5 hours per session is too long.

Finally there are the two original methods, thewflguestionnaire and the
Experience Sampling Method (ESM) which have beenveldped by
Csikszentmihalyi [41]. The flow questionnaire biyekxplains the concept of
flow and asks participants to describe similar mes experiences. The ESM
takes random experience samples over a periodnd. tParticipants get phone
calls or a pager gives a signal to report theingst of their skills and challenges
of the activity on a ten-point scale. The origima¢thods have been adapted to
online research as previously mentioned assess$iagskill-challenge balance
[177] as well as replacing the pager by a pop-updewv [27]. The pop-up
windows were considered as very intrusive by afgbarticipants though. These
measures can be extended by post surveys eithhrfagus groups [183] or
questionnaires measuring enjoyment, concentratiqggerceived control,
exploratory use and perceived challenge [74].

Enjoyment as an important aspect of flow can beswes using the PrEmo
method [49] developed in the context of producigleésee Figure 26).
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Figure 26: PrEmo Interface [49]

The light-weight method asks at several points ofi@teraction with e.g. a
website for feedback in the form of emotions anadaty facial, bodily and vocal
expressions. The feedback can get further detayed 3-point scale for each of
the 14 emotions depicted.

3.5.5 Summary of Flow
Flow has a positive influence on learning and idetermined by clear goals,

appropriate feedback and a balanced skill challeagie. These characteristics
make interaction with learning materials enjoyablow experiences are
enjoyable in themselves and keep people involvethakes them come back to
have this enjoyable experience again.

The balance and skill ratio can be used as medsufabtors of flow in
combination with the enjoyment. Challenge and gkitibes at the end of learning
units can be mapped to a flow path through thenlegrmaterial. This flow path
can also identify break-points for the challengd akill balance as well as the
learners giving up or leaving the page. Measuresngdyment using emoticons
can be combined with the challenge and skill probé® measure of emotions
can give an indication where learners get diserdjagéh measures need to be
light; they should not be too intrusive or too vainous.
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3.6 Quality of Experience (QoE)

Quality of Experience in e-learning is a fairly néavm, not clearly defined yet.
Many of the parameters having an influence on @uah Experience have been
mentioned in previous sections of this literatieei@w. This reflects the complex
nature of the concept of Quality of Experience.

The initial problem is to identify a set of paraemst big enough to actually
contribute to the topic of QoE in adaptive hyperraeghd at the same time small
enough to enable identification of the most impatrigarameters affecting QoE in
the context of e-learning. Existing research oftiexes not consider specifically
Quality of Experience in e-learning. This work wastivated by an initial
approach for QoE in e-learning [98]. Most otheeaesh related to QoE considers
partial aspects; perception of multimedia, usapilitf hypermedia systems,

experience in product design or learning experigmtgeneral.

3.6.1 Approaching Quality of Experience — Related Concepts
The trend to innovate faster leads to a more usetric mentality, but only a few

technology companies so far are able to actuallycipate user experience,
including the input from lead users from the fidgvelopment stages. The user
experience (UX) or Quality of Experience has beemwidely debated and
researched area in ICT in general [9] and in e-ceromsystems [215] [93] [204]
in particular; however in e-learning and particlyladaptive learning systems the
discussion about QOE is relatively new [161] [162]34] and has been
approached mainly from a technological or engimgeperspective, hence the use
of the term QOE rather than user experience.

Quality of Experience in learning systems is stgrtout with quality in e-learning
systems. The structure of the most recent ISO/IHEaming standard [114]
describes the quality management, assurance anttcsniet a general approach.
Annex D of the standards first part outlines aneee list of quality criteria.

For the discussion of Quality of Experience sediBn4, 7 and 8 are considered
relevant. This does not exclude the remainder,itopits an emphasis on the
highlighted aspects. Section three deals with teahraspects; this includes

devices and equipment, which have an impact oQtredity of Experience.
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Figure 27: Structure ISO/IEC 19796-1 [114]

Provider related topics include a number of aspeutsst often summarized as
Quality of Service (QoS) parameters. These araitiqular the route of transport
to the server, server availability and performaasevell as technical support and
user data. The fourth section lists three aspeften a@wonsidered for user and
domain modelling in learning systems, namely dgt@cgication, visualization
tools and analysis. This includes information alkexgrcises, learning period and
hyperlinks, learning progress, user-defined ang)ysievious knowledge, system
control, adaptation and control of learning resufsction seven considers coding
of information, which includes many of the QoS teth aspects, such as the
quality of images, technical aspects, speed, zamhchange of perspective. Here
we also find considerations of didactical aspeSiction 8 considers different
media types and formats.

In industry the concept of Quality of Experienceajgproached with a clearly
defined goal: to find the level of user experie(idX) suitable for a certain target
market. The level of user experience describes wfgatures the customers will
actually notice and value or features the customadismiss if eliminated. The
components of user experience in regard to prooetaction as outlined by
Beauregard and Corriveau [9] explain how produderaction influences
perceptions, which cause emotions and thoughtsimfiieence attitudes. This

eventually influences intentions and the interactwith a product. It provides
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starting points for measurement of user experi¢émaecan be transferred to other
user experience contexts.
A basic model for UX [10] outlines the main compats (see Figure 28).

Emotions

Perceptions === Thoughts === Behavior
Attitudes

Figure 28: Components of User Experience [9]

Perceptions of the user shape the emotional imgreaights and attitudes towards
a system. Perceptions relate to the process ofiragguand interpreting
information and can be influenced by video or auguality. Emotions cause
positive and negative feelings, trust and mistragtich impacts on the user in a
learning context [6] and the motivation of the tesr Attitudes are judgments
about a target. This relates closely to the conogépgbal-orientation [41] [217] in
learning theory. A clear goal depends on the alitaf the learner. The learner
behaviour is a result of the combination of emdiohoughts and attitudes and
forms the learning experience. This brings the ephof UX close to Dewey’s
theory [51], which also points out that experiebaéd up upon one another, each
experience affecting how the learner will expereetite subsequent situations.
QOE is not clearly defined. The more technicalliented put it in close proximity
to the concepts of QoS and QoP [196] [34] [80] whsr the more
customer/product-oriented produce a variety ofeddht meanings relating to
experiences [68] [48] [178]. The QoE model, whishimtroduced in the next
chapter, emphasizes the combination of technicgbemence-dependent and
context-dependent aspects. In our scenario ofreifeathe technical aspects are
summarized as QoS parameters, experience-depeaspetts are captured by
flow, while learning is the context of the applicat

Quality of Experience is defined by ITU [117] a® ttoverall acceptability of an
application or service as perceived subjectively thg end-user." Previous
research on QoE in multimedia e-learning considéhedend-user expectations

for QoS [163]. In an attempt to combine aspecteraf-user perceived QoS and
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experience an arbitrary combination of end-usecgeed QoS, usability and
QoS has been proposed [105]. This view is broadégea concept of QoE that
introduces the roles of user and customer andrdiifeates between Quality of
Experience (QoE), Quality of User Experience (QoldR) Quality of Customer
Experience (QoCE) [126]. This increasingly usertgenperspective has been
developed further by Wac [218], who additionallyhsmlers the criticality of the
application to the user’s context. This multi-dirsgmal character of experience
is relates to the human-computer interaction conoépexperience [68]. This
concept has been taken up in the context of furyologl the differentiation of
designer and user perspective was added [93]. ddwes thas now moved towards
inclusion of subjective as well as objective aspeBubjective aspects cannot or
only with great difficulty be influenced. This cogws that experience cannot be
purposely designed; design can support an experigotigh [227].

3.6.2 Measurements for QoE in e-learning

Each component of user experience requires spasdeasures [9]. To investigate
the relationship between video quality and useregepce the combination of
three methods, expert assessment, non-expert ssesand objective measures,
follows an ITU assessment recommendation [118] asds bit rate as an
independent variable. This high-level experimedtdign for user experience can
also be applied for QoE research.

Perception of any information system is highly ulgihced by technology change.
User experience adapts with changes in technoldlgy; better the average
experience the higher the expectations for futse An assessment of computer
literacy can provide some insight on the user g#ige and enable an estimate of
the user’'s expectations. The previously outlinedchmogs to evaluate QoP also
provide relevant information.

Emotions can be measured with a combined assessusémj quantitative
assessments, Likert-type questionnaires and casdiest One quantitative
approach developed by Desmet [49] measures embtiesponse by means of
emoticons resembling 14 basic emotions.

Attitudes can be described as function of expemtaéind past experiences [93].

The grounded theory technique is one suitable wassess attitudes, and appears
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to be more suitable than commonly used methods asacimterviews based on
Likert-type scales or simulations [10]. These lagb methods are prone to
contain a strong bias due to unclear attributesqurastions or context which is
not representative.

Behaviour changes for users of e-learning systeansbe measured using level 3
of Kirkpatrick’s training evaluation model [127].h& first level of the model
evaluates student reaction. It looks at relevaricbenobjectives, the ability of the
course to maintain interest, the amount and apjai@mess of interactive
exercises, the ease of navigation and the percenie@ and transferability. Level
2 assesses the increase in knowledge or capafidyassessment often consists
of a pre-test and a post-test. Level 3 asks fodlfaek regarding behaviour
changes, which deals with the question whether @inghe learning results
assessed in Level 2 have moved from short-term metoolong-term memory
and found its way into everyday routines.

This research design has been implemented to telett@ical performance to user
experience and to model different QoE dimensiorh s1$ the effectiveness of an
application, its efficiency, usability, the expdatas and the context. Different
QoS and QoE probes combined with pre and post-upaggions (see Figure 29)
provide results that show how the different paramseinfluence QoE [48].

Contextual Probes Experience Probes

QoE Processor
QoS Probes

Figure 29: QoE probe model [48]
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The different aspects can also be divided into nmadde and non-measurable
factors for the QoE of multimedia services, whére ineasurable factors include
software and hardware, QoS parameters, codec artenteevaluations. The non-
measurable or subjective factors include QOE paensie expectations,
understanding, satisfaction, attitude and habies€hfactors can be translated into
an XML document where each parameter can be assdaith discreet values,
which are constrained in an XML schema, represgraimetric of each parameter
[179].

3.6.3 Ways to improve Quality of Experience in multimedia e-learning
Research on Quality of Experience for text and eabgsed documents shows,
that learners perceive an improvement of their niegr experience if the
download times of the learning materials stay withi certain threshold [98].
Download times can be manipulated by changing iteeaf the files in two ways;
either downsizing the image resolution or simplgugng the number of images
on a page. Results show that display resolution @odessing speed reduced
study session time [161], which has an impact oali@uof Experience.

People in flow perceive clear goals and feedbackeneasily and flow helps
students to become absorbed in challenging tasksidig opportunities to take
the initiative in learning can help them to expece learning as an enjoyable
experience [226]. Intrinsically motivated studeptsgress better in their area of
talent and their performance is positively relaiénjoyment of their work [226].
These two aspects seem to indicate that givingestsdhe option to choose how

to learn can improve the Quality of Experience.

3.6.4 Summary of Quality of Experience
Different QOE models contain different parameteis.lot of them have in

common to differentiate between QoS parametersctwhre measurable with
standardized procedures and experience relatednptees, which are more
complex and require less straight-forward measunémmethods such as pre-post
guestionnaires, emoticons to assess emotionseanuirig assessment.

QoE measurement overlaps with QoS, QoP and flowsarement, because it

combines aspects of all these areas.
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3.7 Summary

The literature survey explored basic technologied theories relevant for a
Quality of Experience model for multimedia e-leagi It investigated different

approaches to the concept of Quality of Experieacd compared it with the
concept of user experience. A number of factorevidgentified that are likely to

impact on QoE in adaptive multimedia e-learningeys which can be attributed
to the different aspects and a holistic view on @ohsiders different roles of the
learner as learner, user and customer. The usersrahainly affected by usability
and flow experience, the customer role is mainfgcéd by aspects of Quality of
Service and the learner role is mainly affectedldarning aspects. Figure 30
gathers the various factors contributing to Quadit¥experience.

QoS
Quality of
Perception
Device

FLOW

Expectations
Emotions
Fun & Hedonics
Attitudes
Perceptions
Intentions

Network
Application

Learning
Context

Usability
Adaptive
Hypermedia
Learning

Technology

Interaction

Aesthetics

Figure 30: Aspects of Quality of Experience
These factors serve as a matrix for a list of hypsés which summarize the

findings from the related work. The commented dishypotheses is provided as
part of the Delphi study in chapter 5.

In conclusion QoE is affected by four main facto@S, flow experience,

learning and usability. From research we know tnsdrs’ QoE is affected by
expectations about quality parameters such as @d&ming results. Previous
research on QoE in adaptive e-learning focused han impact of QoS on

download times and in turn on task completion amsdimpact on QoE [98].

Expectations about usability have to be recognazed factor of QoE, but it is not
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included in the adaptation this research reporthigswould open a completely
new area of research beyond the scope of this girojelditionally usability is
considered a prerequisite for a discussion of Quali Experience. Similarly a
QoE model has to consider the provision of a selecbf material suitable to
learner knowledge level and learning goals, as aMlifferent means to interact

with learning content.
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4 QoE Design
4.1 Introduction

The QoE model proposed for adaptive hypermedigeswsiconsiders three roles
of the learner: learner, user and customer. Thadealoes not always take on all
these roles simultaneously, but they all affect@uelity of Experience.

In e-learning thdearner role is the most obvious, however the remaining tw
roles are important as well. The learner has egpects regarding delivery mode,
learning activities, teaching models and learnioggomes. Delivery mode can be
fully online or blended learning with face-to-facgasses. Typical learning
activities are knowledge transfer, learning tesissessments and exercises.
Depending on the teaching model the role of thenkrais changing from a
dependent student in a teaching scenario to adselfted learner. The main
objective of the learner is to reach her learniogls}

However the learner asistomerhas expectations regarding benefits from using
the system, which are formed by previous experienegh other web-based
systems. Input into the system, monetary or timgewhas to generate benefits.
The benefits can be learning outcomes, meetingspeea study group, getting
access to information or accreditation of learningcomes. Expectations of the
customer also include system performance, for ela@pS, or added-value e.g.
learning to use new tools or new technologies. @ust expectations also vary,
depending on the context. Expectations will be &igregarding a commercial
system than for a non-commercial system; e-gamesersg raise different
expectations than e-commerce or e-learning syst&mxpgerience in particular
with e-games raises expectations that systemsge@n enjoyable and engaging
online experience. The customer wants to know \lnatbenefits are of using e-
learning systems and expects an enjoyable experienc

Usersof the different web-based systems have expeotatimat vary in detail, but
not in general. Following conventions and standah#dps meeting these
expectations. Conventions exist for example forigetion, login or upload of
documents. Usability following Nielsen’'s [165] hatics and Krug's [132]
paradigm are expected of websites. A website wisdtifficult to understand or
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unclear about what to do on the website will cadsappointment. Users are
familiar with certain communication tools and cblaation tools and will expect
email, a blog or a forum for communication, and ikiwa forum and multi-user

tools such as an online write board or Google docsollaboration. The user
expects an easy to use system.

To consider all three roles the QoE model consittars main factors, QoS, flow
experience, learning and usability. The followingctson on the QoOE model
outlines the main relationships of different fastoiThe adaptation policies
describe an approach to implementing QoE adaptatighthe QoE probe model
summarizes which parameters and measurements arsidexed for the

adaptation. Finally a scenario for implementatisnoutlined as QoE system
design. This chapter describes how the QoE modelved and therefore

anticipates a summary of the results of this resear

4.2 QoE Model

The QoE model acknowledges that QoE is differemt deery person, which

requires the system to be able to include feedlbackadjustment from the user.
The focus of this research was to investigate thpact of QoS on QOE in

adaptive multimedia e-learning systems.

The QoE model is based on the assumption that Qattlaptive multimedia e-

learning systems is determined by learning andltive experience; and that both

are affected by QoS parameters (see Figure 31).

‘\affects
! T
" Quality of
AlTes Experience (QOE)
\ I affects

Figure 31: Proposed QoE Model

The QoE model in Figure 32 includes those factoitgally considered relevant
on the basis of the literature survey. The metrickose to study in detail are
highlighted in bold. These are multimedia learnigig)l and challenge ratio and
interaction. They represent the subset of the o®ethat are most influenced by

changes in QoS.
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Learning and flow experience are both directly efd by Qo0S. QoS is based on
network and application parameters. The networkampater considered is
available bandwidth as it is the parameter mosivegit as defined in chapter 3.
The applications considered are video, audio axitd E®r the adaptation policies,
the changes in QoS generate the impulse for theeseg of media types. If the
QoS indicates good network conditions, the systamprovide any of the media
formats, if conditions worsen, the selection wi#l teduced. In combination with
requirements for a mix of media formats, the QotS Hee pace for the sequence
of media types. Changes in QoS therefore affecldaming process as well as
the flow and in essence determine the Quality qieence.

Learning and flow experience can be directly inflced by a mix of different
media, but also the type of interaction, feedbacdlgar set of learning goals and
a suitable ratio between learner skills and chgksnFeedback from the system
can be provided on the progress in the course ssesament results. Usability of
the learning system affects QOoE, but is not infaezhby QoS. Hence, we chose
not to include it directly in our inquiries. Howay care was taken in developing

the user testing material to ensure a reasonalgé dé usability.

Figure 32: Expanded QoE model
In the course of the research the factors affeciofg were adjusted. The final

QOoE model is shown in Figure 33and reflects theckmions from the research.
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The arrow richneswdicate: the relativestrength of the impact on other aspect
the modelit is not a detailed representai. A significantdirect impact of Qo!
on experience could not be confirmed. Yet the tesllow that QoS affects flc
and learning. The impact of QoS on flow is mucbrsger tharthe impacion
learning. A known reciprocal effect between leagnamd flow could b
confirmed. It is of similar strength to the impact od®on flow. Learning, flov
and usability were found to have the strongestefia experience. Usability
included in the model, because of its strong impactxperience, but it has to

pointed outhat no impact of QoS on usability was fou

QoS/QoP Experience

Learning

Usability

Figure 33: Final QoE model

4.3 Adaptation Policies

The decision of what material to present to theneris based on a combinati
of constraints from the technical environment & learner and multimed
theory.

The policiesconsidering Qo and mediaand can be summarized intwo-step
process: the assement of network conditions is the first steploi@kd by the
evaluation of the media hist(, and can be summarized as the QoE strategy
Table 8).

The adaptation considers available bandwidth, wredlects network usage. Hi¢
network usge will result in poor available bandwidth and wersa. As
mentioned beforehand, the adaptation only conselaasable bandwidth as it
the parameter affecting most other network parammeig well. Including some
the remaining parameters, e.elay and jitter, would require a fully implement

more complex algorithm. One goal of this reseasdmowever, to show the stro
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impact of the adaptation to available bandwidthtenlearner experience and that
the adaptation will improve learner experience aersbly.

For the assessment of the network conditions tineeigth is classified as poor,
medium or good. The classification is not adjusited specific value, as audio
and video files can vary considerably in their reeft available bandwidth. Poor
bandwidth means that all of the available resous&®pt for text require more
than the bandwidth that is available and only taxt be sent. Medium bandwidth
allows sending text as well as audio resourcesgand bandwidth allows sending

a video, an audio file or text.

Table 8: QoE Strategy

Bandwidth Suggestion Previous Media Recommendation
POOR lllustrated text Any lllustrated text
MEDIUM lllustrated text Video Audio
Or Audio Audio lllustrated text
lllustrated text Audio
GOOD Audio Video Audio
Audio lllustrated text
OR
lllustrated text OR
Video

The assessment of the network conditions resuléslist of suggestions. This list
contains all learning resources of all media tyfosthat particular knowledge
level, suitable to given network conditions. Forywgood network conditions this
will be video, audio and text, for bad network ciiaths only text resources will
be available.

The second step takes the list of suggestions kshtbem against media history
and results in a recommendation that avoids imnelgliaepeating the same
media type, while selecting the resource with tighést bandwidth demands.
Figure 34 shows how this 2-step algorithm is embdddto general adaptation
steps, which also consider knowledge level andsmdelivery.

The algorithm combines quality of service to mamt&media mix and is called
Quality-Adaptation for Media Mix (QAMM) algorithnit is called QAMM2 if
course delivery is based on the recommendationanimg both steps of the

algorithm as introduced above are considered.lif afQoS-based suggestion is
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considered it is called QAMM1, meaning the secde@ sonsidering media
history is omitted and course delivery will be lhsa the suggestions. QAMML1
will deliver the media with the highest bandwidédguirement that can be sent
based on available bandwidth. QAMM2 seeks to eefarcotation of media types

from video to audio to text, while respecting theSbandwidth restrictions.

The QAMM algorithm can be embedded in a larger tategm algorithm (see

Knowledge
Lewvel

Figure 34).

Learning
Resources
QoS : - Recommen
Suggestions B
A
Course
Delivery
No
Logout

Yes

Figure 34: Algorithm flowchart

For example data about the knowledge level detexitiia learning resources as a
first step, followed by the two-step QAMM algoritheis outlined above. It
concludes with a recommendation, followed by therse delivery.

Based on the media mix, the algorithm can respomgtwork congestion to
some extent following the media type and transmispolicy outlined above,

which selects the media type depending on thermesson resources.

4.4 QoE Parameters and Measurements

To determine the QOE several measurements areredgueflecting the QoE
components from the QoE model. Building on Deryeleemodel [48], which has

been discussed in chapter 3, the probe model deneis learning probes,
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experience probesQoS probe and usability probesThe QoE probe mod
replaces generic probes from Deryckere’s model gcifc probes required i

determine QoE in &arning(see Figure 35).

Flow Experience

Skill ;
Challenge Experience Expectations

Enjoyment
Samples &

v Samples & Survey Survey

Survey

Learning

Pre-Post
Assessment

Survey

QoS Usability

Network QoP User Media

Bandwidth Feedback History Post Survey

Figure 35: QoE Probe Model

The learning probes are pre and post learning sisseds and the post survi
The prepost assessment assesthe knowledge levedt the start and at the end
the courseThe post survey collecifeedback from the learner about percei
learning outcome.

Experience probes include probes for overall exgpee and an expectatio
probe.

Flow is measured wita short user questionnaaéthe end of each unit. To ass
flow it includes questionsegarding skill and challenge levetsne distortion ant
general experiendellowing Pearce’s probe moc [177]. Additionally emotiona
response is considered Lg a set of emoticons taking enjoyment samy
following Desmet’s PrEn [49] approach.

Usability was initially not considered, but duritige pretest sessions it becar
obvious that usability would be an issue, despiagia system that is in use
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many universies. Usability was assessed with the post survdyramitorec
during the course with observation and the uset.

QoS probes in an adaptive system would include gwdbr network bandwidtl
QoP user feedback and media history. Network baditiwand meia history
probes are omitted for the Wizard of Oz user s&[122], because their impact
the object of investigation and they are therefoot probes, but ontrolled
variables QoP is measured witthe short unit questionnairesollecting feedbac
on the QoS perceived by the lear (QoP)after each audio or video conce
The progress through the course andprobing is summarizeish Figure 36. This
model of the progress through the course aims pituoa data at all stages of t
user interaction and is based on Pearce’s n[176].

The pre and podests were developed in cooperation with DCU lagguservice
and are very similar to tests used by the langsat®ol to evaluate studen
level of English.Enjoyment samples and unit questionnaires are Nginy tools
and were integtad in the course design. The same can be saithdopre- and
postassessment at the beginning and the end of thee

Interactivity Ioggei on activity report
[ \

- - -3

Figure 36: Progress through course

4-point Likert scaleswere used for the enjoymemiamples, while theunit
questionnaires appliec-point Likert scalesThe post survey usec-point Likert-
type scalesPage visits are considered if they are withimreetrange relating t
page content.

The probe model aims to cater for the differentriearoles introducd at the
beginning of this chapter and are particularly eaddor by the following. Th
learneris considered witllearningprobes and the skill and challenge probe;
useris taken into account with usability and QoS prolvbge the customer i

recoquized with the enjoyment sample
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4.5 QoE System Design

The focus of this research was to identify factbie influence QoE. The model,
policies and measurements described above werdopede and tested using
simulations and Wizard of Oz user studies [122]plementation of an actual
system using existing adaptive platforms was notedi for; because adaptive
platforms do not convey the impression of a profesd learning management
system to the user [95] and this would introduceuawanted factor affecting
QoE. However, the following section describes hamplementation can be
achieved, using a number of existing tools and idensg recent research results
in related areas.

For proof of concept for the results of this resbdrsuccessfully collaborated on
work that established the feasibility of authorthg QAMM?2 adaptation strategy
in an adaptive system [190]. The merging of stiatege.g. strategies for media
mix and QoS adaptation, has been successfullydtegith My Online Teacher
(MOT), an authoring system for adaptive hypermefli@]. Whurle [153]
represents another approach and combines web egwith an LMS framework.
QoE adaptation can be added as a web service.

All adaptation services or platforms mentioned abioxlude a user and domain
model. The main parameter that needs to be cohstatiected from outside the
system to enable the QOE adaptation is the availadohdwidth. This can be done
using tools such as a media player or a browseripluExamples are the
ambulant playef17], an open-source media player with supporSishiL,

enabling bandwidth estimation flowplayer[66], an open source video player
with built-in bandwidth detection.

Integration of the adaptive platform into a leaghmanagement system is the
final step. The combination of LMS and adaptivefplans or services has been
achieved in several projecBHA! has been integrated in Sakai [73] and an
adaptive personalized e-learning service (APeLS)deen incorporated in
Moodle [212]. Alternatively the Adaptive Display §ne [188] supports

execution and combination of different adaptativategies.
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4.6 Summary QoE Design

The QoE model combines the impact of QoS-relatedmpeaters on learning and
flow and consequently on the Quality of Experieneaaptation policies describe
how to enforce QOE adaptation. A set of parametedsmeasurements to
determine the QoE are summarized in the QoE praimemThe final QoE model
summarizes the results and visualizes the diffanepacts of the factors on QoE.
Proof of concept has been achieved with collabegatiork on authoring of

adaptive strategies.

66



5 Delphi Study
5.1 Introduction

The initial literature review in chapter 3 showsatttQoE has been a widely
debated and researched area in ICT in generalri@]im e-commerce systems
[215] [96] [204] in particular; however in e-learning apdrticularly adaptive
learning systems the discussion about QoE hasvestéitle attention [162] [134].
Previous experience of the learners as user antbmoas in a variety of
(multimedia) e-commerce and entertainment systeaiserand form their
expectations for other online applications [167he3e different relationships as
learner, user, and customer, in the end all infteethe Quality of Experience
(QOE) of the learner. The experience of the leadstermines learning results as
well as drop-out rates and retention in e-learrjit®y]. Enhancing the QoE and
avoiding high drop-out rates requires a better tstdading of the concept of QoE.
Based on the literature survey, QoE in adaptivetimatia e-learning can be
defined as the sum of flow experience and learmiith QoS impacting both
aspects [157]. However, there is no consensusdigggthe definition for Quality
of Experience in multimedia e-learning. Based oe {iterature review, |
identified a number of hypotheses regarding theofadhat potentially affect QoE.
| conducted a Delphi survey of experts to deterntiveer views regarding these
hypotheses.

5.2 Method

A Delphi study is a way to identify any consensusan expert group and
clarifying what agreement exists [140]. The Delghidy consists of iterative
rounds of a questionnaire which is completed by thert panel. The
guestionnaires for rounds 2 and higher containlfaekl on the results of the
previous rounds from all experts. A web-based sufd¢ can be used, as it is
time and cost-efficient and can quickly reach agbrgpanel of suitable, but
geographically dispersed participants. Since thalityuof the study results
depends mainly on the feedback of the participahts,selection process of the
participants in the study has to be quite rigordithe panel selection has been

sufficiently thorough, a panel size of 15 to 2Qgiste sufficient [88]. Research
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guidelines for the Delphi study [94] provide detdilinstructions on the main
iIssues to consider in constructing the study.

This Delphi study was conducted to investigate rankand agreement levels on a
list of 17 hypotheses regarding the Quality of Eigrece for users of adaptive
multimedia systems which were identified by therhbture review in chapter 3.
The literature review focused on recent resear¢hearareas of flow experience in
online systems, Quality of Service (Qo0S) in relatio e-learning, learning theory
in e-learning, usability or user experience altefation to Quality of Experience
(QoE). The agreement levels of the Delphi expenepavas complemented by a
ranking of the hypotheses in terms of importanceveb-based Delphi study was
carried out and comparative statistical testindiadp

The Delphi study was preceded by interviews withadwisor panel consisting of
five experts. The advisor panel was consulted fine¢he hypotheses included in
the questionnaire and afterwards the three rourdbased Delphi study followed.
In the first round of the Delphi study the expeanpl was presented with 17
hypotheses and the importance evaluation fromdkeser panel.

The Delphi expert panel was invited following aestlon pattern [2]. The
selection criteria were years of expertise anderurhigh-quality publications in
any combination of the following areas: user exgee and usability;
personalization, social media and community infdrosa software engineering,
multimedia engineering; or e-learning, training a@adching. In total 70 experts
were contacted by e-mail, of which 33 replied sgtheir interest in participation.
A heterogeneous sample of 31 experts initially ipgdted in the study. A

breakdown of the panel is given in Table 9.
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Table 9: Characteristics of expert panel

Gender n Area of Expertise n Research, Industry, othern Country n

Female 14 User experience and6 Research & Teaching /7 Austria 1
usability Academic

Male 17 Personalization, social 5 Industry Research /8 Switzerland 1
media Industry
Software Engineering 3 Research 10 Germany 15
Multimedia Engineering 3 Training & Education 6 ltned 4
E-Learning 6 Netherlands 1
Training, teaching, 8 UK 5

knowledge management

us 4

Each of the three rounds of the survey was acdestilthe panellists for three
weeks. An invitation was sent out by e-mail, theminders were sent ten days
after start of each round to those participants Wwhd not replied, and finally,
reminders were again sent four days before theoénide round. Panellists who
did not respond were not invited to participateha next round. The number of
panellists went from 31 in round one, to 27 in ino and 25 in the third round.
This means the number of participants stayed wadla the previously outlined
required numbers for participation. The invitatitetter can be found in the
appendix.

In the first round the participants were asked rtavjgle their agreement on a 3-
point Likert scale labelled “I agree”, “No opiniorédnd “I disagree” and comment
on each hypothesis if desired. In the second aindl tbund the participants were
asked to provide their agreement on a 5-point Likegale labelled “I strongly
agree”, “lI agree”, “No opinion”, “I disagree” and ‘strongly disagree” and
comment on each hypothesis if desired (see Tab)eah@ finally rank the
hypotheses in the order of importance. The scatmgghod for agreement has
been taken from Delphi procedures used in prevstugies [109] [46] [84] [35].
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Table 10: Example of layout as presented for Hypothesis 1, Round 2

Hypothesis 1: Applying conversation style texts coesponds with more intense learning for beginners.

Summary of feedback from all participants Comments
Doubts

Percentage of agreement in Round 1

Agreement o Strongly agree
o Agree
o No opinion
o Disagree

o Strongly disagree

Comments

Between rounds feedback was analysed using comteglysis [32]. Content
analysis uses qualitative, verbal information arahdforms it into quantitative
data. In this research the comments of the patsliise categorized and
summarized and added to the section of the respduyipotheses and given back
as a statement. For all three rounds of the Dedindy, quantitative analysis
included percentage response rates and percemtagadh level of agreement for
each statement. For rounds 2 and 3 only, analysc iacluded median rank,
range of selected ranks and their associated grawkings, using Spearman’s
Rho to compare agreement on the importance rankietygeen rounds 2 and 3 as
well as 1 and 3. For rounds 2 and 3 statementseplgased, adding the feedback
from the previous rounds and the percentage ofeaggat or median rank value
from round 2 and 3 respectively. For the rankitgg mmedian and mean values
show the group aggregate rank, while range andiatdrdeviation (SD) show the
spread around that result. If the range and SD large, they indicate
disagreement.

Decision about the ranking at the start of roundm@ 3 was based on average
rank in the previous round. The percentage of agee¢ was considered for
ranking ties. The hypothesis with the higher agresnpercentage got the higher
rank.

The stability of the panel decision was analysed Spearman’s Rho and
Kendall's Tau [228] [110]. The higher the values tmore consistent is the
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ranking. Spearman’s Rho is a correlation coefficien ranked data. It can range
from +1 to -1, +1 representing perfect positive ref@tion, -1 representing
negative correlation. The values for the study dsushow whether the expert
panel changed its mind on ranking the hypothestgdes rounds. Kendall's Tau,
or the rank-correlation coefficient, also identfigne correlation between two sets
of rankings. The Tau value shows the probability doset of hypotheses being
ranked in the same order twice, rather than irvarse order.

The study was concluded when consensus on rarikiegified by a Rho of >0.8
and a Tau >0.7, was reached. A Rho value of 0.8ckasen, because it can be
found in the literature as a high correlation vdl8@]. The value for Spearman’s
rho is chosen slightly higher than Kendall's Taecdéuse Spearman’s Rho usually

produces higher values than Kendall's Tau [63].

5.2.1 Advisor Panel Interviews
The goal of the expert interviews was to discuggirhypotheses drawn from the

literature review in chapter 3 and to check whetherhypotheses were relevant,
clear, unambiguous and non-leading. The hypotheses provided in the
following subsection. The selection of the expdoifowed the same criteria as
the panel selection later on. The experts involiredhe interviews were not
invited for participation in the Delphi study. Ahd start of the interview the
experts were provided with the proposed QoE motiel and a short definition
of the main concepts (see Table 11). The intengewlelines are provided in the

appendix.
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Table 11: Concepts used in advisor panel interviews

Concept

Definition/Description

QoE

An e-learner’s Quality of Experience (QoE)iformed by previous experiences as a
learner, a user of computer/web-based systemsa andtomer. We propose a
holistic view on QoE, considering the differentawlof thdearner as learngruser

andcustomer.

Flow

The concept of flow was first introduced byikdgentmihalyi and it represents the
optimal experience or complete absorption with etivay. It is characterized by 8
dimensions, which can be divided into three stagetecedents, experiences and
effects. The dimensions allocated to the antecestage are a clear set of goals,
immediate feedback and equilibrium between chaterand skills. The experience
stage is characterized by the merging of actionaavateness, focused concentration
and a sense potential control. The final effedgesis characterized by a loss of self-
consciousness, time distortion and a self-rewardipgerience. Flow has also been
described as a match between skills and challeagelsjepending on the match or

mismatch, it results in flow, boredom or anxiety.

Learning

Learning is characterized by learning teathing methods, learning styles, different
learning theories, the quality of feedback andratgon influence as well as the

ratio of skills and challenges.

QoS

The interdependence of network-level paramaraianedia type defines the
relevance of the QoS elements. Delay, jitter asd tmn be highly disadvantageous
for the QOE, but they can also enhance the QoEefkample a video-based
presentation can have a better QOE, if the lo$saofes keeps some pictures longer
available while the audio information continues;dugse it provides more time to

take in the visual information.

Information for the interviewees included a brietlme of the research design, to

give the interviewees some indication how theiruinpvould be used later.

Advisors were asked to give general feedback todifferent hypotheses and

indicate how they evaluate the importance for tlmcept of Quality of

Experience. Most hypotheses were slightly rephrasesktended in the process,

making them clear and unambiguous. One hypotheas deemed to be very

similar to another hypothesis and was omitted enDelphi study. In the course

of the interviews three more hypotheses were adtleel.advisors were asked to

submit an importance evaluation for later comparigath the final rankings of
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the Delphi study. Importance was classified in ¢hcategories, A, B or C, very
relevant, relevant, and irrelevant. The list of diypeses is provided with the

interview guidelines in the appendix.

5.3 Results

This section describes how consensus developedighroounds 1 to 3 of the
Delphi study, considering

» Agreement percentages

* Importance rankings

* Mean, median, range and standard deviation (SD)
A brief comparison between the advisory panel eatedus of the hypotheses and

the final ranking of the Delphi study provides atraduction into the results.

5.3.1 Results Advisor Panel Interviews
Four of the advisors on the panel provided theipanence evaluation. The

comparison between the final rank and the evalnabiothe advisor panel (see
Table 12) shows similar results, with a few excadi

The hypotheses with final rank 1 received a meeéiavraluation of ABBC. The

hypothesis with the final rank 5 received A frorhadvisors. More surprisingly

the hypothesis finally ranked fifteenth in the Delptudy also received A from all
four advisors. The hypothesis with the lowest eatdun from the advisors

(ACCC) was ranked eleventh.
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Table 12: Comparison Final rank vs. Importance evaluation

No. Final Importance
Rank evaluation
H9 1 A /B,B,C
H7 2 A A A C
H6 3 A A A B
H16 4 A A A B
H3 5 A A A AB
H5 6 AAAA
H15 7 A A A B
H13 8 A A A B
H4 9 A A A B
H1 10 A A A B
H12 11 A CC,C
H8 12 A A B, B,
H14 13 A A A B
H17 14 A A B,B
H2 15 A A A A
H11 16 A /B,B,C
H10 17 A A BB

In summary it shows that the advisor results arsnipaonfirmed by the Delphi
panel results. They disagree on the importancbefrhpact of ease of use of the
learning environment on the interactivity with testem (H12). The possibility to
use still images with audio replacing a video (H1%s also a hypothesis
evaluated very differently. The relevance of settiearning goals (H6) and the
impact of ease of use of the learning environmenflow (H9) was evaluated
almost contrarily. Interestingly the advisors cdesed the hypotheses relevant
which were ranked last throughout the three rowifdise Delphi study.

5.3.2 Results of the Delphi Study
The results of the final round are presented ind &B. It shows the final ranking

of the hypotheses and the percentages for agreemedmisagreement.
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Table 13: List of Hypotheses

Final | Hypothesis Percentage

Rank Agreement /
No opinion /
Disagreement

1 Better ease of use of the learning environmeresponds with clearer 96 / 4% / 0%
focus of attention. (H9)

2 Ongoing system feedback about progress resuti®ie intense learning. | 88% / 12% / 0%
(H7)

3 Providing a choice between a linear course siraand an open learning | 80% / 12% / 8%
environment improves learning results. (H6)

4 A more intense flow experience corresponds withroved learning results.84% / 12% / 4%
(H16)

5 Learning materials providing a mix of differenedia lead to improved 84% / 8% / 8%
learning results. (H3)

6 A clear set of learning goals outlined by thetesyscorresponds to 84% / 8% / 8%
improved learning. (H5)

7 Improvement of QoS when delivering various mudtitia types can 92% / 8% / 0%
improve the flow experience. (H15)

8 Increased attractiveness of a learning environreimances flow. (H13) 96% / 4% / 0%
A balance of skill and challenge managed by ylséesn corresponds with | 96% / 4% / 0%
increased learning. (H4)

10 | Applying conversation style texts correspondwitore intense learning for 68% / 8% / 24%
beginners. (H1)

11 Ease of use of the learning environment enablegactivity with the 80% / 8% / 12%
system. (H12)

12 High levels of interactivity of a learning ersirment correspond with a 86% / 0% / 24%
focus of attention on the activities in the leaghenvironment. (H8)

13 | Aclear set of learning goals corresponds taavied flow. (H14) 48% / 28% / 24%

14 | A balanced skill and challenge ratio by the @& domain model of the | 68% /28% / 4%
system enhances the flow experience. (H17)

15 Using selected still images rather than stregmideo can increase learningg8% / 8% / 24%
if the auditory narration quality of the originatieo is maintained. (H2)

16 | The sequence of the multimedia mix (first téxén video versus first 44% | 16% / 40%
video, then text) affects learning. (H11)

17 | Aclear increase of the resolution of videos mmalges leads to increase of 20% / 36% / 44%

learning. (H10)

The 17 hypotheses use almost the full availabl@eafi-10 or 11-17), while

Standard Deviation (SD) stays between 2.45 and 3d9all hypotheses

throughout all rounds.
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Kendall's Tau coefficients as well as Spearman’® Rie high between round 1
and round 2, and even higher for rounds 2 and 8 T&ble 14). This strong
positive correlation between rankings in the twmafirounds as well as the high
Tau values shows that the ranking is stable. Rée@tions, although diverse, did
not change much between rounds, which indicatdgtinge Delphi rounds were a

sufficient number to find the maximum possible arsis [228] [110].

Table 14: Spearman's Rho and Kendall's Tau

Spearman’s Rho Kendall's Tau
Round 1 and 2 0.797 0.69
Round 2 and 3 0.850 0.76

5.3.3 Results Delphi Study — Individual Hypotheses
In the following the results for the individual hotheses will be presented in

more detail, in the order of the final ranking franost to least important (see
Table 13). The presented results document how dhking of the hypotheses
evolved as well as the changes of opinion of thpeds. In particular for

controversial hypotheses these changes are oftlectesl in changing levels of

agreement.

76



H9: Better ease of use of the learning environmerdorresponds with clearer
focus of attention.(SeeTable 15)

There were very few comments, pointing out thaystesn too easy to handle
might actually not challenge the learners suffitien

There were no doubts about the hypothesis. Disaggeepercentages went from
weak disagreement to no disagreement and agreg@ae@ntages went from high
agreement to highest agreement percentage oveatihree of the three rounds.
The range interval decreased slightly, but the ®Dsljghtly bigger. The wide
range of ranks and the fairly high SD indicate gisament among the panel
within the rounds. The hypothesis was consisteatiked first.

Table 15: Agreement and Importance values for Hypothesis 9

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 70.4% 72.0%
Agree 80.6% 29.6% 24.0%
Partially agree / No opinion 16.1% 0.0% 4.0%
Disagree 3.2% 0.0% 0.0%
Strongly disagree n/a 0.0% 0.0%
Ranking Median n/a 3 3
Range n/a 1-10 1-9
Rank n/a 1 1
Mean n/a 3.89 3.48
SD n/a 2.45 2.58
Rank 1 1 1
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H7: Ongoing system feedback about progress results®n more intense
learning. (See Table 16)

There were few comments. The comments confirmedyipothesis, but pointed
out the importance of choosing the right methods demmunication. Doubts
focused on the benefit of communication that migtdvide too much and too
frequent feedback. Disagreement percentages wamt\¥ery weak disagreement
to no disagreement and eventually changed to sgngement percentages. The
range interval decreased slightly, as well as tBe Bhis indicates a tendency
towards agreement within the rounds. The hypothasiking went from 6 in the
first round to second in the final round. A majpritf the panellists changed their

opinion about the ranking between the second andl ribund.

Table 16: Agreement and Importance values for Hypothesis 7

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 33.3% 40.0%
Agree 67.7% 55.6% 48.0%
Partially agree / No opinion 29.0% 11.1% 12.0%
Disagree 3.2% 0.0% 0.0%
Strongly disagree n/a 0.0% 0.0%
Ranking Median n/a 5 5
Range n/a 1-10 1-9
Rank n/a 4 2
Mean n/a 4.93 4.64
SD n/a 2.73 251
Rank 6 3 2
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H6: Providing a choice between a linear course staoiure and an open
learning environment improves learning results(See Table 17)

This hypothesis was controversial, producing adamgmber of comments and
doubts. Most comments focused on the necessityhirlearner to be able to
switch between the two options and the impact iegrstyle might have on the
selection of one of the two options. Agreement @etages went from moderate
to strong agreement percentages, with unusuallly pgrcentage of no opinion
and weak disagreement percentages. The rangedhtkereased slightly, as well
as the SD, indicating stronger agreement in theréashd. This is reflected in the
matching mean and median ranks in the last rouhd.hlypothesis ranking went

from 9 in the first round, 8 in the second to thivdhe final round.

Table 17: Agreement and Importance values for Hygsit 6

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 29.6% 32.0%
Agree 58.1% 55.6% 48.0%
Partially agree / No opinion 38.7% 0.0% 12.0%
Disagree 3.2% 14.8% 8.0%
Strongly disagree n/a 0.0% 0.0%
Ranking Median n/a 7 5
Range n/a 1-10 1-9
Rank n/a 10 3
Mean n/a 6.11 4.92
SD n/a 3.09 2.72
Rank 9 8 3

79



H16: A more intense flow experience corresponds wviitimproved learning
results. (See Table 18)

There were only few comments, but most questiomad flow would have a
positive impact on learning. Despite these doubtgeement percentages were
high and disagreement went from medium to weak.réhge interval stayed the
same while the SD decreased, again indicating g&roagreement, which is
shown by the matching mean and median based rankireghypothesis ranking

based on mean stayed the same between round otleread

Table 18: Agreement and Importance values for Hypothesis 16

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 40.7% 44.0%
Agree 77.4% 44.4% 40.0%
Partially agree / No opinion 12.9% 3.7% 12.0%
Disagree 9.7% 11.1% 4.0%
Strongly disagree n/a 0.0% 0.0%
Ranking Median n/a 7 5
Range n/a 1-10 1-10
Rank n/a 9 4
Mean n/a 6.04 5.28
SD n/a 3.03 2.53
Rank 4 7 4
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H3: Learning materials providing a mix of different media lead to improved
learning results. (See Table 19)

Comments mostly regarded concerns about the quidlitye mix and the learner's
choice to select preferred media. There was sombtdehether a mix of media
can actually cater for the needs of individual heas. Agreement percentages
were consistently high and there was some disagrmeeonly in the last round.
The range interval stayed the same while the Se2ased slightly, also reflected
in the difference in mean and median based ranKiig hypothesis ranking
based on mean overall stayed the same, but theseawautstanding 4-interval
difference between mean and median rank in thedasid.

Table 19: Agreement and Importance values for Hypothesis 3

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 40.7% 44.0%
Agree 64.5% 44.4% 40.0%
Partially agree / No opinion 35.5% 14.8% 8.0%
Disagree 0.0% 0.0% 4.0%
Strongly disagree n/a 0.0% 4.0%
Ranking Median n/a 5 7
Range n/a 1-10 1-10
Rank n/a 2 9
Mean n/a 4.81 5.28
SD n/a 2.97 3.02
Rank 5 2 5
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H5: A clear set of learning goals outlined by the ystem corresponds to
improved learning. (See Table 20)

Comments emphasize the need for the learner toedégr own goal, combined
with system goals. One suggestion was that theersysind the learner should
“negotiate” learning goals. There were some dowdtether goal setting would
restrict inquiry-based and explorative learninge iumber of comments shows a
dramatic drop from round 1 to round 2. Some ofdbabts mentioned challenge
whether the concept of learning goals is sustasdbl all learning theory
approaches. Partial agreement shows a significalht dvhile initially high
agreement percentage increases slightly. Disagrgemeon a low level and
shows a light increase. The range shows a bardlgeable reduction. Median

and mean based rank are very similar and show & davenward trend.

Table 20: Agreement and Importance values for Hypothesis 5

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 48.1% 44.0%
Agree 61.3% 37.0% 40.0%
Partially agree / No opinion 32.3% 3.7% 8.0%
Disagree 6.5% 11.1% 8.0%
Strongly disagree n/a 0.0% 0.0%
Ranking Median n/a 6 6
Range n/a 1-10 2-10
Rank n/a 7 5
Mean n/a 5.56 5.52
SD n/a 3.12 3.14
Rank 7 5 6
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H15: Improvement of QoS when delivering various mulmedia types can
improve the flow experience(See Table 21)

The few comments on this hypothesis pointed outttiere is a threshold above
which further QoS improvements will not make a elifince and that QoS
parameters depend on the type of media. No doubts expressed. Agreement
percentages were consistently high and the smatlepgage of disagreement
disappeared by the last round. The percentage matbpinion got considerably
smaller as well. The range interval stayed the sarhde the SD decreased
slightly. The hypothesis ranking based on the meaired strongly and there was
an outstanding 4-interval difference between meahraedian rank in the second

and a 3-interval difference in the last round.

Table 21: Agreement and Importance values for Hypothesis 15

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 29.6% 16.0%
Agree 74.2% 59.3% 76.0%
Partially agree / No opinion 22.6% 11.1% 8.0%
Disagree 3.2% 0.0% 0.0%
Strongly disagree n/a 0.0% 0.0%
Ranking Median n/a 6 6
Range n/a 2-10 2-10
Rank n/a 6 6
Mean n/a 6.37 5.84
SD n/a 2.59 2.43
Rank 3 10 7
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H13: Increased attractiveness of a learning envirament enhances flow(See

Table 22)

Comments point out that attractiveness is highlgjesttive. Agreement is high

and shows an upward trend, complemented by deglipartial agreement

percentage. Disagreement was very low. The rangeoderate and does not

change. The median rank showed an increase. Metidnmean based ranks

showed a significant difference in round 2, but eveery similar in the final

round.

Table 22: Agreement and Importance values for Hypothesis 13

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 22.2% 24.0%
Agree 71.0% 59.3% 72.0%
Partially agree / No opinion 29.0% 14.8% 4.0%
Disagree 0.0% 3.7% 0.0%
Strongly disagree n/a 0.0% 0.0%
Ranking Median n/a 6 6
Range n/a 1-10 2-10
Rank n/a 5 7
Mean n/a 6.15 6.04
SD n/a 2.55 2.64
Rank 2 9 8
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H4: A balance of skill and challenge managed by thgystem corresponds

with increased learning.(See Table 23)

The number of comments was moderate and they maiflyrced or confirmed

the hypothesis. The overall agreement increasede whrtial agreement showed

a significant fall. Disagreement percentages,atytion a low level, disappeared

completely. The range was moderate and stable. Mednmedian based were

very similar and showed a parallel trend towarttsager rank.

Table 23: Agreement and Importance values for Hypothesis 4

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 33.3% 32.0%
Agree 58.1% 48.1% 64.0%
Partially agree / No opinion 38.7% 11.1% 4.0%
Disagree 3.2% 7.4% 0.0%
Strongly disagree n/a 0.0% 0.0%
Ranking Median n/a 5 6
Range n/a 1-10 1-10
Rank n/a 3 8
Mean n/a 5.26 6.32
SD n/a 2.65 2.85
Rank 8 4 9
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H1: Applying conversation style texts correspond wh more intense learning

for beginners.(See Table 24)

Comments point out that this hypothesis dependgmeich on context and the

audience. Agreement percentage as well as pagtieément show a sharp fall,

while disagreement displays a sharp increase. dingeris moderate but moves

from the low half of the ranks to the top half. Meand median based ranks are

the same.

Table 24: Agreement and Importance values for Hypothesis 1

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 11.1% 4.0%
Agree 48.4% 70.4% 64.0%
Partially agree / No opinion 48.4% 3.7% 8.0%
Disagree 3.2% 14.8% 20.0%
Strongly disagree n/a 0.0% 4.0%
Ranking Median n/a 13 9
Range n/a 11-17 1-10
Rank n/a 12 10
Mean n/a 12.30 7.68
SD n/a 1.66 2.76
Rank 11 12 10

86



H12: Ease of use of the learning environment enaldenteractivity with the
system.(See Table 25)

A few participants expressed their understandinghef hypothesis while one
participant questioned the hypothesis in general, tthhere were very few
comments altogether. A fairly high initial partedreement is given up in favour
of agreement, which displays a steady increasdeline fairly high disagreement
declines in parallel. The range is moderate angsstiae same. The mean and

median based rank are extraordinarily exact theesanough the rounds.

Table 25: Agreement and Importance values for Hypothesis 12

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 29.6% 28.0%
Agree 61.3% 48.1% 52.0%
Partially agree / No opinion 22.6% 7.4% 8.0%
Disagree 16.1% 11.1% 12.0%
Strongly disagree n/a 3.7% 0.0%
Ranking Median n/a 12 13
Range n/a 11-17 11-16
Rank n/a 11 11
Mean n/a 12.30 12.80
SD n/a 1.66 1.32
Rank 12 11 11
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H8: High levels of interactivity of a learning envronment correspond with a

focus of attention on the activities in the learnig environment. (See Table 26)

The importance of finding the right balance betwéssrning support through

interaction and distraction is the focus of theangy of the moderate number of

comments. The significant increase in disagreenseparalleled by a drop of the

initially very high partial agreement. Moderatestoong agreement shows a slow

increase. Median and mean based ranks convergerfrond 2 to round 3. The

SD reflects this with a noticeable decrease.

Table 26: Agreement and Importance values for Hypothesis 8

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 37.0% 28.0%
Agree 64.5% 44.4% 48.0%
Partially agree / No opinion 25.8% 3.7% 0.0%
Disagree 9.7% 14.8% 20.0%
Strongly disagree n/a 0.0% 4.0%
Ranking Median n/a 6 13
Range n/a 1-10 11-17
Rank n/a 8 12
Mean n/a 5.89 12.84
SD n/a 2.99 1.62
Rank 10 6 12
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H14:. A clear set of learning goals corresponds tariproved flow. (See Table
27)

The moderate numbers of comments reflect doubtaitatiee hypothesis; in
particular that flow experience and learning goale conflicting concepts.
Agreement percentage is moderate while partial esgest as well as
disagreement percentages is high throughout. Meal@hmean based ranks are
the same and vary only very little and the moderatge stays the same. This is

one of the most stable results, reflected alsown3$D values.

Table 27: Agreement and Importance values for Hypothesis 14

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 14.8% 20.0%
Agree 48.4% 40.7% 28.0%
Partially agree / No opinion 29.0% 22.2% 28.0%
Disagree 22.6% 14.8% 20.0%
Strongly disagree n/a 7.4% 4.0%
Ranking Median n/a 13 13
Range n/a 11-17 11-17
Rank n/a 14 13
Mean n/a 13.70 13.00
SD n/a 2.03 1.93
Rank 15 14 13
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H17: A balanced skill and challenge ratio by the us and domain model of

the system enhances the flow experiend&ee Table 28)

The moderate number of comments reflects unceytaimbut the hypothesis. This

is reflected in the second highest percentage nigpagreement combined with a

low agreement percentage and a declining disagrepercentage. Mean and

median based ranks are the same and both varskgiyly. This is mirrored in a

low SD and a consistently moderate range.

Table 28: Agreement and Importance values for Hypothesis 17

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 18.5% 12.0%
Agree 51.6% 51.9% 56.0%
Partially agree / No opinion 35.5% 18.5% 28.0%
Disagree 12.9% 11.1% 4.0%
Strongly disagree n/a 0.0% 0.0%
Ranking Median n/a 13 13
Range n/a 11-17 11-16
Rank n/a 13 14
Mean n/a 13.67 13.20
SD n/a 1.73 1.26
Rank 13 13 14
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H2: Using selected still images rather than streamg video can increase
learning if the auditory narration quality of the original video is maintained.
(See Table 29)

There was a variety of comments. It was accentutiiad the validity of the
statement depends on the quality of the selectedjes and the context of the
video or images. Certain content is more suitabén tother for either video or
images. One key point was that still images mightus the learner’s
concentration. Some input also pointed out thatasting images support
subliminal learning. There were a few doubts thaagdes rather than video would
actually increase learning. Agreement percentagae® 1or less stayed moderate,
but percentage for disagreement increased cleanigiuding some strong
disagreement in the final round. The range intestalyed the same and SD
increased slightly. The ranking went down by oranfrthe first to the second
round and stayed the same in the two final rounds.

Table 29: Agreement and Importance values for Hypothesis 2

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 7.4% 4.0%
Agree 35.5% 51.9% 64.0%
Partially agree / No opinion 54.8% 18.5% 8.0%
Disagree 9.7% 22.2% 20.0%
Strongly disagree n/a 0.0% 4.0%
Ranking Median n/a 15 15
Range n/a 11-17 11-17
Rank n/a 15 15
Mean n/a 14.37 14.88
SD n/a 1.78 1.81
Rank 14 15 15
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H11: The sequence of the multimedia mix (first textthen video versus first
video, then text) affects learning(See Table 30)

There were a moderate number of comments, pointinghat the validity of this
hypothesis depends very much on the content arguiabty. Doubts focused on
the lack of consideration of this topic in previotesearch and recommended
more studies to investigate this hypothesis. Péages went from moderate
agreement and moderate disagreement to equallyngstagreement and
disagreement. The initially undecided mostly chahdbeir minds towards
disagreement. The range interval as well as SD stakle. This indicates a
tendency towards agreement within the rounds. Fpothesis was consistently

ranked second last.

Table 30: Agreement and Importance values for Hypothesis 11

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 7.4% 4.0%
Agree 45.2% 25.9% 40.0%
Partially agree / No opinion 32.3% 37.0% 16.0%
Disagree 22.6% 25.9% 40.0%
Strongly disagree n/a 3.7% 0.0%
Ranking Median n/a 15 16
Range n/a 11-17 11-17
Rank n/a 16 16
Mean n/a 14.89 15.12
SD n/a 1.6 1.86
Rank 16 16 16
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H10: A clear increase of the resolution of videosmal images leads to increase
of learning. (See Table 31)

The comments pointed out that an increase of réenlhas to start at a very low
level of resolution to be noticeable. Doubts foclisa the importance of the topic
for an impact on learning. Agreement percentagest wWlewn consistently and
percentage for disagreement equally increasedowth “strong disagreement”
was not selected. The range interval got considiesaballer as well as SD. The

ranking consistently stayed the same; it was thwe$d rank throughout.

Table 31: Agreement and Importance values for Hypothesis 10

Round 1 Round 2 Round 3
Agreement Strongly agree n/a 11.1% 0.0%
Agree 22.6% 7.4% 20.0%
Partially agree / No opinion 51.6% 29.6% 36.0%
Disagree 25.8% 51.9% 44.0%
Strongly disagree n/a 0.0% 0.0%
Ranking Median n/a 16 17
Range n/a 11-17 13-17
Rank n/a 17 17
Mean n/a 15.48 16.12
SD n/a 1.78 1.2
Rank 17 17 17
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5.4 Analysis and Discussion

The analysis of the Delphi results consists of pads. First, a general analysis of
Delphi results examines consensus, stability, amking. Then the results are
analysed in terms of the initial categories frore titerature review - learning,
flow experience, user experience and Quality ofvier All hypotheses were
initially given to an advisor panel consisting afperts from the respective
research areas, to ensure that the hypotheseglavant and unambiguous (see
5.3.1).

5.4.1 General Analysis

Consensus on the ranking of a hypothesis is refieict the range and the standard
deviation (SD) - a small range in combination witHow SD value indicates
higher consensus on the ranking. SD shows thegitrerf aggregate judgement,
while larger range indicates the presence of autliews. The consensus is
reflected in the comparison of the mean-based hadrtedian-based ranking. If
the values are equal it indicates that the rankinthe hypothesis is stable, while
divergence indicates a weaker ranking decision.

The progression of disagreement and agreement sti@avsonsensus among the
panel about the acceptance of the hypothesis;itbelfsmaller the range of these
values, the stronger the consensus about the hggistiThis is complemented by
the type of agreement and the number of commengh &hd consistent values
for agreement indicate that the hypothesis is dedepwhile high values for
disagreement point in the opposite direction. § thumber of comments is high
this indicates a more controversial hypothesis aice versa. The number of
comments is expected to get significantly lowemfrone round to the next;
otherwise it indicates controversy about the hypsith[109].

An overview of the results for the convergenceasfking (see Figure 37) shows
that the ranking of approximately half of the hypedes varies considerably,
while the other half is fairly stable or does nbaoge at all. It stands out that
extreme ranks are very stable. The hypotheses ddirke last and second last do
not show any variation of the ranking throughowg tbunds. The consensus on

these ranks is very strong. The hypotheses wittdimicanks in the final round
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show a wide range across rounds (see Figure 3igaitng ambivalence about

their importance ranking.
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Figure 37: Hypotheses Ranking Rounds 1 to 3
Hypotheses were ranked by the panel across theewhalje of available ranks;

e.g. the hypothesis finally ranked third also gatked ninth and eighth. This
spread of rankings can also be seen in the diftereft mean and median ranks. It
is more likely for mean and median rank to varythé range of the rankings is
spread out. SD can be considered stable for albthyses except hypothesis 16,
where it decreases significantly.

The percentage agreement (see Figure 38) demasstthe evolution of
consensus. The percentage agreement went up farhypstheses from round 1
to 3, with the exception of hypotheses 10, 11 atidThe agreement levels are
also very consistent for most hypotheses, excepttlie@ three mentioned
previously. This is a first indication that the pé#ists’ decisions were stable
throughout the rounds. Agreement levels below 7086 the first round
characterize the hypotheses ranked between thidednseventeen in the final
round. On the other hand consistent agreementsl@lve 80% across all three
rounds do not necessarily indicate a high rankingthe final round. E.g.
hypotheses 13 and 15 with agreement levels abo¥e I&fve final ranks seven

and eight.
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Figure 38: Percentage of agreement rounds 1 to 3

The disagreement percentage went down for mostthgpes from round one

round three (seBigure 39), except for hypotheses 1, 8 and Hypotheses with
an increase in disagreement all finally ranked between 11 and 17. Hypothe
with a disagreement level below 20% in the firstnmd have a final rankin
among the first eight ranksThe hypothesis ranked 2-all exhibit final
disagreement levelselow 10%. The hypotheses with no disagment in the final

round are all in the top half of the rar
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Figure 39: Percentage Disagreement Rounds 1 to 3

The evolution of consensus can also be seen imtnaer of comments (s
Figure 40. Generally the number of comments decreased feignily for all
hypotheses between round 1 and 2. Most commentthanlast round ar
reinforcement of the hypotheses rather ttactual commentsThe general
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decrease in comments indicates a strong overaflezmus in the final round (see

Figure 4.
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Figure 40: Comments per Round

In summary it can be said that a low initial agreatrievel was correlated with a
low final ranking, while disagreement level belov@%2 in the first round
characterizes hypotheses in the top half of th&staHighly ranked hypotheses
show high agreement and low disagreement levels fieans that hypotheses
participants agreed with also received good impaeaanking.

The wide range of ranks selected for each hypahmser the course of the three
rounds in combination with different mean basedksazcross rounds indicates a
strong ambivalence of the results. It can be arghatthis is due to the ambiguity
of most areas involved. The concept of learningtilswidely debated and there is
no final agreement among experts beyond this stwtgt makes learning
successful. The psychological concept of flow eigmere has been investigated
very diversely. The impact of Quality of Service warning is a very young
research area. In summary the heterogeneity ofabdts reflects this diversity
and ambiguity.

5.4.2 Analysis of Hypothesis Categories

The analysis of results relating to individual hijpgses can be summarized with
an analysis of categories of the hypotheses (sgard-i4l). Hypotheses are
divided by their main focus into the following focategories: QoS, learning, flow
experience and user experience. In the following,cansider not only the final
ranking of hypotheses, but the degree of agreeaun¢ved.
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Figure 41: Category Rankings
Category Ranking

Learning-related hypotheses are all among thetérstanks. The hypothesis with
the lowest rank in this category also has the lbwgreement level, as well as the
highest disagreement level. This indicates higavaahce for this category. User-
experience-related hypotheses have medium ranksebet eight and twelve,
except for hypothesis nine, which consistently wasked first. This means this
category is relevant, but does not have the sanoeitpras the learning-related
hypotheses. Flow-related hypotheses show low ramkept for hypothesis 16,
which is ranked fourth, indicating low relevancéndy QoS-related hypotheses
are considered not very relevant in comparison wilie other categories,
considering their consistently extremely low ramki®ne interpretation of these
results is that the more established areas sudbaasing and user experience
were ranked higher than the areas less establistmaever, it should be noted
that there is a mix of learning, flow and usabiligfated hypotheses among the
first five.

Category Agreement and Stability

While the ranking of hypotheses is extremely imaott it is useful to consider
this ranking in the context of the degree of agrenachieved. Many hypotheses
achieved a good degree of consensus, but for otfene was much controversy
and in the end the experts "agreed to disagree'thd following we analyse the

consensus and ranking trends for the top five rdmiypotheses. Hypotheses were
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ranked by the panel across the whole range ofablairanks; e.g. the hypothesis
finally ranked first also got ranked ninth threedis. This spread of rankings can
also be seen in the difference of mean and mediaksr It is more likely for
mean and median rank to vary, the more the rankangspread out. SD can be
considered stable for all hypotheses except hyg®h&6, where it decreases
significantly.

Hypothesis nine, ranked 1st consistently, showllestand very high agreement
levels with no disagreement in the last round. mbenber of comments started
with one of the lowest number of comments went dagmificantly, although
there was a slight increase in the last round. Meahmedian based ranking are
the same. In conclusion the ranking of hypothesie an be considered very
stable.

Hypothesis seven, ranked second in the last roumithlly has a much lower
ranking, but moves up in the second round and ©oes$ the upward trend in the
final round. Agreement levels are almost identeradl at a very high percentage,
while disagreement percentage starts with a mogl@@tcentage and closes with
no disagreement in the final round. The numberashments drop between the
first and second rounds and then stays on thatdgel. Mean and median based
ranking vary in the second round, but stabilize aredthe same in the last round.
The ranking of the hypothesis can therefore beidensd moderately stable.
Hypothesis six, ranked third in the last round,vehigimilar results as hypothesis
seven. It does start with the highest number ofroents and consistently drops to
the lowest level in the final round. Therefore theking can also be considered
moderately stable.

Hypothesis sixteen, ranked fourth in the final mdualso started out with this
ranking in the first round. Agreement is almost #ane on a very high level
throughout rounds, while disagreement level comtirsly drops to a finally low
level close to zero. The number of comments sting and there are no
comments in the final round. The mean and mediaedaanking varies in round
two, but is the same for the final round and the @Bps, which makes it also

moderately stable.
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Summary of Category Discussion

The analysis of the rankings and categories of thgses shows that learning-
related hypotheses are on average ranked much rhigtan flow-related
hypotheses and even higher than QoS-related hygeghdhis corresponds with
an initial model for Learner Quality of Experiendé&7] which considers learning
and flow to directly affect QoE, while QoS impad@E indirectly via the
aforementioned factors. The strong values for #mking rounds in combination
with the high levels of agreement of the hypotheaeged first to fifth rank allow
the conclusion that these, namely, ease of usehefléarning environment,
ongoing system feedback, a choice between a guited an open learning
environment and learning materials providing a ofixnedia are requirements for
good QOE in adaptive multimedia e-learning systerhgotheses continuously
ranked between 11 and 17 show mixed levels of aggatdisagreement. Most
outstanding among those are the continuously lowkgaof QoS-related
hypotheses. This indicates need for further researcparticular on the QoS-

related hypotheses to find more detailed infornmatio their impact on QoE.

5.4.3 Conclusions

The aim of the Delphi study was to identify aspemsttevant for QoE by

investigating agreement levels and ranking of adisl7 hypotheses, relating to
learning, QoS, flow experience and user experiehice.hypotheses were initially
drawn from a literature review, followed by a rousidexpert interviews with an

advisor panel. These interviews had the goal toudis the validity, relevance and
ambiguity of the chosen hypotheses. The hypothesese given to a

heterogeneous expert panel on Learner Quality @eEence in adaptive QoS-
aware multimedia e-learning systems. The range xplers involved in the

interviews and the Delphi study and their researgas represent the complexity
of the concept of Quality of Experience. The widege of ranks selected for each
hypothesis indicates an ambivalence of the resiiltsan be argued that this
ambivalence exists due to the ambiguity of mosasiavolved. The concept of
learning, although discussed for centuries, i$ widlely debated and there is no
final conclusion among experts beyond this studgtwhakes learning successful.

The concept of flow has been investigated veryrdiplg in the recent past and the
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impact of Quality of Service on learning is a veygung research area. In
conclusion this means that the heterogeneity ofréiselts reflect this diversity
and ambiguity. Nevertheless the analysis of thekings and categories of
hypotheses shows that learning-related hypothesesraaverage ranked much
higher than flow-related hypotheses. QoS-relatgubtheses tended to be ranked
very low. This corresponds with the initial modedr fLearner Quality of
Experience (Figure 31) which considers indirect @ufact on QoE by affecting
learning and flow.

In a final synthesis the strong values for the magkounds in combination with
the high levels of agreement of the hypothesesediikst to fifth rank allow the
conclusion that these hypotheses describe requirtsn@ adaptive multimedia e-
learning systems. Likewise the strong resultstierrankings in combination with
the mixed levels of agreement and disagreementtifer hypotheses ranked
between 11 and 17 allow the conclusion that thegpotheses are most
controversially discussed. The study shows thaw fexperience and learning
could be confirmed as aspects relevant to QoE,ewthié impact of QoS needs
further investigation to find more detailed infortioa on the impact of QoS on
the QOE of the learner. To strengthen the caskeoimpact of QoS in multimedia
e-learning it is necessary to find proof that thereome coherence. QoS and its
impact have been investigated in a very direct wapking for a strong
immediate impact on e-learning, but did not malgoad case. The reluctance of
the Delphi panel possibly reflects this. Further rkvatherefore includes
simulations of an algorithm considering these tgdi and looking for objective
measures representing indirect impact and usey testvaluate the results in real
life scenarios; the simulations are described iaptér 6, user tests are described

in chapter 7.
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6 Simulation-based Test Results and Analysis

6.1 Introduction

We propose to enhance QoE for adaptive e-learirgugh an adaptation that
combines Quality of Service (QoS) information watlmedia mix strategy and the
psychological concept of the flow. The Delphi styshesented in the previous
chapter showed that flow experience is considenmadexant aspect by the experts,
however most flow-related hypotheses were ranked @oS-related hypotheses
on the other hand were continuously ranked very &wl received very low
agreement. This shows that in particular the imp&dtow experience and QoS
on the QOE of the learner needs further investigatFlow experience can be
evaluated with subjective testing involving thegetruser or learner group, but
not with simulations and will therefore be explorfedher in the next chapter of
this thesis.

Simulations can show whether QoS adaptation siestegnprove objective
measures, such as startup delay and network usdwgeh will both affect flow
experience and learning. The simulations analysstesy behaviour when
multimedia e-learning sessions are performed iremvironment with changing
network conditions. Figure 42 summarizes typickaning scenarios, with an
e-learning server delivering various media typesrdlie internet to learners with

different internet connections (dial-up, DSL 2, 3L

User 1

Server
With
E-Learning System

User 2

Network

||||||

...... DSL2

DSL3

Figure 42: General Multimedia E-Learning Scenario

The simulations have two main goals:
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* Investigate the impact on performance if only Qo&givity is applied
(QAMM1)
* Investigate the impact on performance if the comdiQoS and media
mix adaptivity is applied (QAMM2)
The results show that adaptation to the combinatioavailable bandwidth and
media mix provides a media mix similar to e-leagnhitesign, while causing much

shorter start-up delays.

6.2 Simulation Setup

6.2.1 Media Profiles
For the purpose of comparison | considered twogsyyeprofiles of media mix for

the simulations, Fixed Media Mix (FMM) and Qualiydaptation for Media Mix
(QAMM). The adaptation profiles vary in the numlugr constraints; QAMML1
only adapts to available bandwidth, while QAMM2 mtains a media mix in
addition to that.

The media mix differs in the percentage of textiaand video. FMM profiles
have a predetermined composition (see Table 32).

The QAMM profiles follow the proposed adaptationlipes and consequently
vary in their media distribution depending on natweconditions and media
history. Profile 1 (QAMM1) provides adaptation tetwork conditions without
consideration of the media mix. QAMM Profile 2 (QAM2) considers network
conditions as well as media history and aims tacavepeating the same media.
The QAMM media distributions will be presented witie results.

For the FMM profiles the simulation uses a medix @iming to represent the
instructional design of a multimedia e-learning rsgu Research results on media-
richness in e-learning [206] [141] were discusseth ve-learning authors to
identify a typical media mix in e-learning. The twdIM profiles vary in their
composition of different media (see Table 32) antl mot adapt to network

conditions. Consequentially this defines their dedsaon bandwidth.
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Table 32: Media Distribution of FMM Profiles

Text +|Audio +|Video Demands on
images | images Bandwidth
FMM Profile 1 | 80% 10% 10% Low
FMM Profile 2 | 40% 30% 30% Medium

There is a considerable difference between stordiarand live media streaming
[221]. The simulations were based on streamingedtomedia, since live
streaming is not very common in e-learning. Audilesf and videos can be
described by characteristics of streaming media {sdle 33) [138] [221].

Table 33: Characteristics of Streaming Media on the Web [221]

Audio Video Internet
Connection
Median 2 minutes 4 minutes --
duration
Median 28 kbps 200 kbps -
encoded
bit rate, kbps
Percentage ~90% 29% Modem
encoded / 28-56kbps 56 kbps
bit rate ~10% ~70% Broadband
> 56kbps 56-768 kbps
~1% T1
768 — 1500 kbps
< 1% 1540kbps Above T1

The table shows that a larger percentage of strepmdeo targets lower bitrates,
because improved streaming technology enablesficieetly send streams at
lower bitrates [221]. Good performance can be ebqueif the available network
bandwidth is roughly twice the media bit rate, watlffiew seconds of startup delay
on the client's side. The wired connection is dxupt® upload of ack does not
affect the available bandwidth for download. Mogidilband connections support
download rates of 750 Kbps - 1 Mbps [221].
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6.2.2 Metrics
The performance was assessed, measuring averagapstelay and the

efficiency of the network usage. Startup delaysedias quality metric instead of
an objective multimedia quality metric such as P8ajnal to Noise Ratio (PSNR)
[222]. PSNR would not provide much information, dtee its fine-granular

differentiation, while startup delay of the medféeets the user experience [101]
and therefore appears to be more suitable.

Network usage is considered in terms of resourdeiaicy based on total

bandwidth of the bottleneck connection. Periodspebk usage of network
resources are expensive to a provider, while alestabe of the network is
manageable much better. Maintaining a stable né&tweage, as high as
necessary to deliver sufficient material, with asall a startup delay as possible
and an experience as varied as possible withowttioge peaks for usage of

network resources is the goal of the adaptation.

6.2.3 Network simulator
The simulations were performed using the Networkusator version 2 (NS-2)

[164]. NS-2 is a discrete event-driven network datar which reaches from
network layers to application layer. It provides nyanetwork technologies
including wired networking to wireless connectivisych as WLAN, etc. The
main user interfacing tool is Tcl/Tk and the NSgblication operates as a TCL
interpreter.  Objects are written in either C++ ©ffcl, an object-oriented
extension of Tcl. OTcl is used for configuratiordasetup, while C++ is used for

detailed implementation.

6.3 Traffic and Network Model

Common e-learning scenarios are characterized hbyxaof different types of
media. Research on media-richness in e-learnindg [2381] shows that a
combination of the three media types, illustratxt,tillustrated audio and video,
are commonly used. This was recently confirmed vatlearning authors in
interviews on strategies in adaptive e-learningd[19he media profiles in the
first subsection describe the different combinatiased for the simulations.
Elearn Traf caters for those demands concerningileg@content which are based
in the technical learner environment. The simutagams to model the situation
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in a multimedia e-learning scenario described apagnbined with typical

internet connection profiles [111]. The simulatiaply the dumbbell topology,
which is a representation of the real life e-leagnisituation. The main
characteristics are three different types of badtwiareas; the bandwidth
between the server and the internet connection (BWik bandwidth of the
internet connection (BW2) and the bandwidth betwikerinternet connection and
the client (BW3). The traffic model and the netwaonlodel are described in the
second subsection.

Three commonly used types of internet connectioimschvare used for the

simulations and are outlined in the final subsectio

6.3.1 The Traffic Model
A simulation model for a multimedia applicationNts-2 was built which can run

over an http connection and uses the WWW trafficdeho It simulates the

behaviour of a multimedia e-learning applicatioattincludes a mix of media,
avoiding immediate repeats of the same media dsedpreviously.

The model was developed based on the SURGE teahfifgand adapted to the
multimedia e-learning scenario. SURGE is a highdyameterisable tool. The
goal of SURGE is to imitate web traffic HTTP reqiselsom a fixed population of

web users. We assume that this is very similahé&dsituation of an e-learning
provider. Its distribution model considers in peutar file sizes, embedded
references and so-called active OFF time, the geicg time that is spent by the
browser for parsing files and preparing to starea TCP connection.

Many traffic models in NS-2 are provided on the laggtion layer. This includes

statistical distribution models such as Poisson apdcific application-based
models such as the so-called web traffic model (Wa#).

WebTraf is an application-based traffic generatmoodel characterized by user
equivalents and distribution models and is basetherSURGE model [7], [62].

In previous work related to QoE in e-learning [16i¢ NSWEB extension for

NS-2 [166] has been used. NSWEB extension has eeh lupdated and is
therefore not available for the current default Ai8ersion. In addition, NSWEB

also only considers one type of media at a time.r&ber than extending an
outdated version of NSWEB NS-2 WebTraf model hasnbextended, which is

106



based on the SURGE technique as described abowe.STHRGE model is

adopted to represent a web page with text and ism&J8RGE considers several
embedded objects of the same media type in a patj¢ha Pareto-11 distribution

reflects the number of embedded objects in a pagi#e we have one embedded
object which can vary in size dramatically. Consaudly, WebTraf has the same
limitations as SURGE, such as supporting one mggiia only in a web page.

However, the model presents good characteristiosedif access. In addition we
consider video and audio distribution models fooreti-media streaming

presented in [221], which capture general charesties of web audio and video
data.

The e-learning model for the simulation (ElearnYraf based on the WebTraf
model, but modified to support different types aédia such as text with images,
audio and video and in our simulation only storeedra streaming is considered.
The model describes the file size in a Paretoildigion, based on findings of [7],

regarding text-based files and on findings of [138} audio and video

(see Table 34).

Table 34: Parameters of the SURGE model for video and audio [7]

NS-2 distribution model Parameters
Text with images RandomVariable/Pareto avg_ 13ps_ 1.1
Audio RandomVariable/Empirical -
Video RandomVariable/Empirical-

Similar to WebTraf, ElearnTraf requires severaltribsitions for the SURGE
model. Each session has Inter Page time, PagaaBizmter Object parameters as
described in Table 35. Inter-Page time is the ti@®veen the end of the previous
page download and the start of the following pagéhle same user. Inter-object
time is the time between requests to inlined objefta web page. The page size
describes the size of the page with all inlineckotsy.
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Table 35: Values or parameters for Elearn Traf

Parameter types Values or parameters
Inter-Page time RandomVariable/Pareto avg_ 1, shage
Page Size RandomVariable/Constant 1
Inter Object RandomVariable/Exponentjaavg_ 0.01

The media mix in ElearnTraf is defined by theserabiristics.

To decide whether constant bit rate (CBR) or védeiabit rate (VBR) is
representative, measurement studies show that wmdsbts streamed over the
internet are CBR [138]. For simplicity reasonswis assumed that audio and
video are encoded with a constant bit rate andaadkets are assumed to have the
same size. The video length in Wang's research][280 seconds. The average
video in a number of e-learning courses found enlare between 60 - 180
seconds [206]. The simulations in NS-2 show thattored-media streaming it is
sufficient to model a relatively short video. Basad[138] we take the median of

3 minutes for video and audio clips as the duratibtie clips.

6.3.2 The Network Model
A dumbbell topology is used for the simulation d&own in Figure 43. The

network is characterized by three different bandwimreas. Bandwidth 1 (BW1)
between the sender (S) and the main network hamstant value. Bandwidth 2
(BW2) and Bandwidth 3 (BW3) vary, depending on ttype of internet
connection.

BW 1 is characterized by a very generous amouatailable bandwidth, because
this part of the connection will only be affecteg Ibmits of bandwidth if a large
number of users request the same resource atrtieetgae. This usually does not
happen. BW2 has different values for the availdda@edwidth, depending on the
type of internet connection and resembles thedmwttik in the connection. DSL 2
has the lowest available bandwidth, because seusmk share one connection
and limit each others available bandwidth. BW2 eneyous for the dial-up
connection, because of the dial-up no competirf§draas to be considered. DSL

3 is similar to the dial-up not affected too muchdompeting traffic. Here the
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bandwidth provided is so large that there is vaittlel limitation through

competing traffic. BW 3 varies depending on theetg internet connection.

BW2

Figure 43: A typical dumbbell topology
The detailed configurations of topologies are sunized in Table 36.

Table 36: Configuration of topologies

BW1 BW2 BW3
Dialup 10 Mbps 2 Mbps 56 kbps
DSL2 10 Mbps 700 kbps 10 Mbps
DSL3 10 Mbps 2 Mbps 10 Mbps

Using different topologies, each test is perfornagginst the two approaches,
QAMM and FMM. All the sessions in each test stdrittee same time at 0.1
seconds until 10 pages are transmitted successflilg simulation considers
multiple client-server connections. The numberesssons depends on the type of

connection between client and server (see Table 37)

Table 37: Number of sessions for different types of connections

Dialup | DSL 2| DSL 3

No. of Sessions 10 15 30

The dial-up connection reaches the maximum withstultaneous sessions,
while DSL 2 can handle 15 sessions and DSL 3 camllea30 sessions. The
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maximum describes the point were due to limiteddeadth the mix of media
does not change any further.

The simulations were run for the three configuradidialup, DSL2 and DSL 3.
The dialup configuration is set with BW1 at 10Mbp8V2 at 2 Mbps and BW3,
the direct connection to the receiver, is a bo#itdnconnection at 56kbps.

The DSL2 configuration is set and DSL3 both haw®t@leneck connection in the
middle (BW2) in order to represent the sharing @LDservices with several
learners. BW2 has bandwidth of 700 kbps for DSL@ arMbps for DSL3. BW3
is set at 10 Mbps for both DSL connections.

The reduction of BW2 to 700 kbps for DSL2 simulatks reduced bandwidth
due to the connection being shared. The same applithe DSL3 connection; 2
Mbps for BW2 take into consideration that the mbajher bandwidth is shared
with many other users.

Simulating the dial-up scenario each session wat® setotal number of 10 pages.
Sessions simulating DSL2 and DSL3 connections wet¢o a total number of 15

and 30 pages respectively.

6.3.3 Simulation Scenarios
The following section describes the three scenargesl for the simulations. The

simulations allow comparison of the impact of thgoathm for different network
conditions. All scenarios include the traffic andtwork model, the FMM and
QAMM media profiles and the adaptation algorithnsatéoed previously. They
vary in topology and number of sessions.

Scenario 1: Dialup configuration

The dialup scenario simulates a sequence of redoesteb pages of a learner
accessing a multimedia e-learning course with &ugiaternet connection. The
dialup configuration uses a 10 Mbps connection betwserver and network, a
2 Mbps connection for the main network and a 56skbpnnection from the
network to the web client. The simulation runs utite maximum number of 10
sessions is reached with 10 pages per sessionbditieneck is the connection

between the main network and the web client.
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Scenario 2: DSL 2

The scenario simulates again a sequence of refpresteb pages of a learner
accessing a multimedia e-learning course. This tihee learner uses a DSL2
internet connection. In this scenario the bottléniscthe main network. It has a
significantly reduced available bandwidth for thelividual user, because it is
shared with many users. The link between servernaaith network remains the
same at 10 Mbps and the connection between maworietand web client is

increased to 10 Mbps. The connection between thie metwork and the web

client is set fairly high to simulate that this Kirdoes not limit the available

bandwidth once it has passed the main network. Silmeilation runs until the

maximum number of 15 sessions is reached with jl@pper session.

Scenario 3: DSL 3 connection

The DSL3 scenario varies to DSL2 in the size ofrtien network link and the

number of sessions. The main network link is inseglato 2 Mbps to consider the
significantly increased available bandwidth of tkisilarly shared connection.
The simulation runs until the maximum number ofséSsions is reached with 10

pages per session.

6.4 The results

These three issues, startup delay, network usagyenadia mix will be discussed

in the following text.

6.4.1 Average Startup delay

The adaptation algorithm reduces the average ptadelays for all three
configurations for both adapted profiles signifitgnsee Figure 44, Figure 45
and Figure 46). Table 38 summarizes the averageigtdelays of the four media
mix profiles for all three configurations. It algwesents the increase in startup

delay (presented as percentage) when comparioghait profiles to QAMM 2.
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Table 38: Comparison Average Startup delays

Average Startup delays

Configuration| Dialup DSL 2 DSL 3 AVG
time/s| Increase time/s | Increase time/s | Increase Increase

QAMM2 393 | - 20.3 17.3

FMM1 77.2 +96% 38.8 +91% 21.5 +24% +70%

FMM2 172.0| +337% | 115.2| +4679 69.6 +302%  +369%

QAMM1 59.2 | +50% 44.0 +116% 41.7 +141% +102%

As expected, average startup delays are highestlitdup configuration and
lowest for DSL 3 configuration.

FMML1 has the smallest demands on bandwidth andldmeilexpected to have the
lowest values for average startup delay. But int @AMM 2, applying both
aspects of the adaptation, shows even lower vdtuesverage startup delays for
all three configurations. FMM1 has an average @adelay 96% higher than
QAMM2 for the dialup connection. It is notable thaven under excellent
conditions of the DSL 3 configuration FMM1 show406 increase of startup
delay compared to QAMM2. However for low total nuentof sessions (<9) in
the dialup connection FMM1 performs better than QARA(see Figure 44).

FMM2 shows the highest startup delay across alfigorations. Only for low
number of sessions (<9) in the DSL3 configuratibnp&rforms better than
QAMML1 (see Figure 46).

Furthermore it is remarkable that QAMML1, the pmfihat adapts to the network
conditions, shows growing increases from dialup0@6} to DSL 3 configuration
(+141%) compared to QAMM2. This can be explainedhsy fact that QAMM?2
also adapts to the media mix, which means thatilit wot always provide
materials with high bandwidth demands, e.g. vidé@nvthe network conditions
allow. This impacts the resulting media mix compan for the two adapted
profiles, which will be presented further down.

In conclusion, QAMM2 clearly shows the lowest giprtdelay for all

configurations.
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Figure 45: Average startup delay with DSL2 configuration
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Figure 46: Average startup delay with DSL3 (2Mbps) configuration
6.4.2 Network Usage

Network usage shows a positive impact of the adiaptalgorithm for all three
configurations (see Figure 47, Figure 48 and Fig®e

Network usage in general shows an upward trend ingiteasing session numbers
across all profiles and configurations, as to eeeted.

FMM1 shows the lowest network usage, but the swsndluctuations across
configurations. FMMZ2, the profile wit a media mixrglar to that of the QAMM
profiles, continuously shows the highest networkges As expected, QAMM1
shows the least fluctuation. Significantly QAMMZ2asts fluctuation similar to
FMM2 for the DSL2 configuration, but on a slightbwer level.

The QAMM profiles show similar fluctuation for thdialup configuration (see
Figure 47), but not for the DSL configurations. QMY is continuously on a
slightly higher level of average network usage widny little fluctuation, while
QAMM2 shows an increasing fluctuation across canfigions (see Figure 45and
Figure 46).

In conclusion QAMM2 shows a lower level of averagetwork usage than
FMM2 with a moderate fluctuation for the DSL conirgtions.

114



0.9
0.8
0.7
()
Fwé’ 0.6
S
E 0.5 FMM1
2 e FMIM1 2
o 04
= ====0AMM1
0.3
= QAMM2
0.2
0.1
0 T T T T T T T 1
3 4 5 6 7 8 9 10
Total number of sessions
Figure 47: Average network usage with dialup configuration
\
)
] \
g)" . y A
a /] \
; 0.95 v ! v - ===FMM1
o v ! { ,'
E I v ! ‘, e FMIM 2
o 0.94 v
z \ 'l -===0QAMM1
(|
093 ! QAMM2
0.92
0.91
0.9 T T T T T T T T T T T T 1

3 4 5 6 7 8 9 10 11 12 13 14 15

Total number of sessions
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Figure 49: Average network usage with DSL3 configuration

6.4.3 Media Mix

The media mix has an impact on the average stdelgys as well as the network
usage. The following section shows that the QAMMfiles have a media mix
similar to FMM2 and the reduction of startup deisynot attained at the cost of
loss of media mix.

For the FMM profiles the mix is set to differentrpentages for each media while
the QAMM profiles vary the mix depending on the @xton of the algorithm.
QAMM1 considers network conditions only, while QAMMalso aims to
maintain a mix of different media.

A comparison of the media mix for QAMM1 and QAMMSeg Table 39, Table
40 and Table 41) shows that the different adaptaticategies emphasise certain
media, almost regardless of the configuration. QAMBmMphasises audio and
always includes around 60% audio, while QAMM2 dig@mphasises illustrated
text of which it includes 50-60% of the mix. Videonot strongly emphasised by
either profile for any of the configurations. OMer@ AMM1 has a mix of
15:65:20 while the mix for QAMM2 is 50:40:10.

The mix of the media explains some of the obsesuatregarding network usage

and startup delay. A considerably lower networkgestor QAMM2 (see Figure
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47, Figure 48 and Figure 11) corresponds to a dser@ video in QAMM2. The
lack of peaks in QAMM2 indicates that the adaptatto network conditions
avoids sending material with large bandwidth regmients when the network is

busy. This also results in the lower startup delalgen compared to FMM1.

Table 39: QAMM Media Mix for Dial-up

No | QAMM Profile 1 (%) QAMM Prdfile 2 (%)

Sess | Text+ Audio Video Text+ Audio Video
ions | image image

3 10.0 66.7 23.3 50.0 40.0 10.0
4 10.0 75.0 15.0 45.0 42.5 12.5
5 12.0 62.0 26.0 52.0 36.0 12.0
6 16.7 56.7 26.7 50.0 38.3 11.7
7 17.1 57.1 25.7 52.9 35.7 114
8 12.5 61.3 26.3 51.3 38.8 10.0
9 12.2 67.8 20.0 52.2 38.9 8.9
10 14.0 61.0 25.0 52.0 36.0 12.0
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Table 40: QAMM Media Mix for DSL 2

No | QAMM Profile 1 (%) QAMM Profile 2 (%)

Sess | Text+ Audio | Video Text+ Audio | Video
ions | image image

3 6.7 43.3 50.0 50.0 30.0 20.0
4 7.5 52.5 40.0 50.0 35.0 15.0
5 10.0 38.0 52.0 54.0 36.0 10.0
6 10.0 50.0 40.0 53.3 36.7 10.0
7 114 60.0 28.6 54.3 30.0 15.7
8 13.8 55.0 31.2 57.5 30.0 12.5
9 14.4 62.2 23.3 57.8 32.2 10.0
10 | 16.0 56.0 28.0 56.0 40.0 4.0
11 16.4 65.5 18.1 59.1 30.9 10.0
12 16.7 60.0 23.3 57.5 35.0 7.5
13 17.7 60.0 22.3 57.7 34.6 7.7
14 171 57.1 25.7 62.9 29.3 7.9
15 22.0 62.0 16.0 63.3 32.7 4.0

Table 41: QAMM Media Mix for DSL 3

No | QAMM Profile 1 (%) QAMM Profile 2 (%)

Sessi| Text+ Audio | Video Text+ Audio Video

ons | image image

3 6.7 6.7 86.7 50.0 20.0 30.0
6 8.3 13.3 78.3 50.0 23.3 26.7
9 8.9 27.8 63.3 50.0 25.6 24.4
12 9.2 37.5 53.3 50.8 30.8 18.3
15 10.7 46.0 43.3 50.7 36.7 12.7
18 11.1 53.3 35.6 50.0 37.8 12.2
21 11.4 57.1 314 51.9 31.4 16.7
24 13.8 56.3 30.0 53.3 38.8 7.9

27 14.4 54.8 30.7 51.9 35.9 12.2
30 15.3 58.3 26.3 53.7 37.3 9.0
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6.4.4 Confidence Intervals

A statistical analysis of variance (ANOVA) showsharmal distribution for all
results and a constant variance. The P-value i95>@r a 95% confidence
interval for all simulations — which indicates thiwe means are significantly

different, confirming our hypothesis.

6.5 Conclusions

This chapter presents the results of the testslaimg e-learning traffic while
applying the proposed adaptation algorithm. Theordtlyn considers network
conditions and maintains a mix of different media.

The results indicate that the startup delays foltimadia e-learning courses can
be reduced significantly for different bandwidthnddions, while maintaining a
mix of media. This enables an engaging learninghate, which in turn can
improve the Quality of Experience.

The tests have shown that the adaptation algoréhables network usage to be
kept at a level that allows including media with diuen to high bandwidth
requirements, such as audio and video. This supplogt idea that multimedia e-
learning can be delivered to learners with low ledth connections, provided
available bandwidth is taken into consideration.

The difference in the mix of media has an influeonethe network usage as well
as the startup delay. The next step of the resaarth find out if the positive
impact of the adaptation can also be confirmed ledinners in user tests.

The media mix identified for the QAMM profiles aride fixed media profile
FMM2 are used for user tests described in theviolig chapter.
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7 User Test Results and Analysis
7.1 Objectives of the Evaluation

Testing investigates impact on the learning expegeof:

4. Perceived quality of media and pedagogical approach

5. QoS-adaptive media

6. QoS-adaptive media mix
The Delphi study results in chapter 5 showed tha$ Qas not been considered a
significant factor for the learning experience. T$imulation results from the
previous chapter showed a significant impact of@AM2 algorithm on startup
delay and media mix. The user testing aimed tofywen disprove the findings
from the simulations and the Delphi study. The testults were analysed
comparing the feedback of the different stagesianestigated the impact of QoS
on the learning experience of real users.
The setup of the user tests aimed at to be as tdoaeeal learning situation as
possible. The course was advertised to DCU studerdstudents of DCULS, the
on-campus language services company as a free @otse in “Academic
Writing” for non-native speakers of English withtenrmediate to advanced
English. All sessions of the course followed themsabasic structure; an
introduction, in either medium, was followed byfdrent learning activities such
as exercises, tests and collaborative work.
Selection of participants was intended to providgaup with similar knowledge
level, motivation, educational background, mix efrning styles, age and a
minimum digital literacy.
The user test course was offered in Moodle LMS wigarning material
simulating the respective adaptation. User test® wen as so-called Wizard of
Oz user studies [122]. In a Wizard-of-Oz study aeegcher simulates the
behaviour of a computer system; for this resealeh ddaptation to network
conditions was simulated.
The first stage of user testing provided feedbatckamon-adaptive multimedia
course, following the media mix used in the FMM®fpe of the simulations. It

also tested the suitability of the pedagogical apph. The second stage
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investigated adaptation of the course material ®& Qoresenting course material
with the highest bandwidth requirements that caiséo@. The final stage of user
testing provided course material adapted to botB @uod media mix. Each stage
was several units long, to make sure the mix iniemedd the different quality

adaptations can be noticed by the participants.

7.2 Experimental Setup

7.2.1 Participants
The participants’ age ranged between 20 and 4G yweitin the majority between

20 and 30 years and only two participants olden that.

There was a wide selection of different nationaditinvolved due to the
recruitment of participants through the LanguagkoBt the international office
and the postgraduate society — all mainly usedittwerenon-English-speaking or
non-European students.

All participants had at least an undergraduate ekzggome also had completed a
Master degree. They came from different areas wudyst35% have a degree in
Business, Languages and Humanities, 23% had aelegiechnology and 42%
had a degree in Science. The Felder learning siagesssment [61] shows that the
majority of the participants had a very weak prefee for the different
dimensions of the Felder’'s learning styles modek (3able 42). According to
Felder, students with mild preferences do not sligpical behaviour for the
respective dimensions. None of the participantsdattong preference for more
than one dimension. This means that the resultaslldhoot be affected by

preferences for any kind of learning style.
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Table 42: Strength of Learning Styles Preferences

Active-Reflective Sensing-Intuitive

Strong Mod Mild Mod Str | Str Mod Mild Mod Str

Act Act Refl Refl | Sens Sens Int Int

4% 11% 74% 7% 4% | 4%  22% 59% 15% 0%

Visual-Verbal Sequential-Global

Strong| Mod | Mild | Mod Strong| Strong| Mod | Mild | Mod Strong
Visual | Visual Verbal | Verbal | Seq Seq Global | Global
15% 26% 52% | 0% 7% 0% 11%| 56%| 33% 0%

44% of the participants were male, 56% were female.

Previous e-learning experience of the participaatged; 29% had no previous e-
learning experience, 41% had used e-learning onde3@% had used e-learning
more than twice previously. Interestingly the 29%hwo experience were mostly
Science students. These figures also mean thathir have had previous e-
learning experience.

The digital literacy assessment was part of théigygaant profile to be able to
consider the use of new tools as challenge fop#récipants. The assessment is
based on Hargittai’s work [92] and considers selfepived skills for digital and
online activities. 30% of the participants had baskills, 44% had intermediate
skills and 26% have advanced skills. All the pgraats had previous working
experience with a computer.

In summary the tests were run with adult studeaged between 25 and 40, with
good computer literacy, basic to intermediate kmmgk of the subject (EFL),
intermediate to advanced English skills as assebgetthe English pre-test and
balanced learning style profiles. The participamfite with assessment of digital
literacy and demographics as well as the Engligesmsnent and the Learning

Styles Questionnaire can be found in the appendix.

7.2.2 Test scenario
The test sessions were organized as an Englislseauith a focus on academic

writing. The test course was branded “LUCie Intediate to Advanced English
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Course” and advertised with a flyer sent out by ltiternational Office and the
Office for Graduate Research (see Appendix). LUsTamds for Learner, User and
Customer in e-learning. The course design was dpedl in cooperation with
teachers from the on-campus language school. Theseavas set up in several
units covering different aspects of academic wgitamd intermediate to advanced
English.

1-hour sessions were offered three times a weelactommodate all participants
there were three groups scheduled for differenés$inThe sessions were running
from the beginning of May until the beginning of dgust. The number of
participants varied between 20 and 40.

During the sessions the participants worked thraihghnew tasks and materials
in the Moodle course. The tasks and materials lysuradluded some information
presented using different media types followed Hfeknt activities and tests.
The media theory model supports the concept thathtlman brain processes
information best if it is taken in using both inpzhannels, visual and verbal. If
information input feeds the same channel twicegb@mple a speaker who uses a
text slide, the information processing is not optinTherefore audio and text with
images or a video was used, providing optimal mfation input. The activities
included learning to use a new mind-mapping toakéMind), searching for
information, writing and correcting text in the wiér the forum and tests. The
tests varied between multiple choice questionnairas-false questions and cloze
texts

The researcher conducting the survey was preseheiroom during the sessions
to provide support for technical problems. Furtteestions could be asked in the
Moodle chat to avoid too much noise due to convienss, which might have
interrupted other participants’ concentration. Tmat also made answers to the
guestions accessible to everybody else and avdidethg to answer the same
question several times.

The course consisted of different types of actgitand included listening to
illustrated podcasts, watching videos, readingsitiated text, creating mind maps,
writing into a wiki, learning to use a wiki or minghapping software, writing

essay-type answers, develop an initial structureafpaper, writing short paper
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drafts on self-selected topics, identify what tygewhich section of a paper an
extract was sourced from, correcting other pardictp paper drafts, expanding on
existing entries in the wiki, answering drag-andgdrexercises and multiple

choice questions.

7.2.3 Test environment
To embed the test units in a real learning enviremnthe test units were run in

one of the regular student laboratories.

The laboratory-network setup used for testing imedlfourteen PC desktops with
Dual Core (Pentium D) processors and 2 GB memarl.€ghe browser used was
Mozilla Version 3.6. The monitor screen size was. IThe different network
conditions were simulated using Firefox throttleyiazilla bandwidth utilization
throttling plug-in.

The course ran in Moodle version 1.9.8 on Sony VRIEG-3C1M as server. The
course used Moodle wiki, Moodle forum, Moodle chislipodle exercises and
lessons.

When students entered the test lab the course Mgm open in the Firefox
browser to make sure no other browser was used-aatbx Throttle could be
used for bandwidths manipulation. Firefox Throtpeovides four levels of
maximum bandwidth for upload and download. Theseelte are Dial-up
(56kbps), DSL/Cable (256kbps), DSL/Cable (768kbasyl T1 (1.5Mbit). For
courses with no adaptation the plug-in was set %6kBps download. For
QAMM1 and QAMM2 download was set to T1.

Further manipulation of the learning materials nalskng bandwidth bottlenecks
was achieved by a media converter. It allows selecof the compression
H264.4. This compression was chosen to enable ifgedanother engineering
research project. Next the quality level was chpséher low, medium, optimal
or high. For no adaptation some of the audio artkoifiles were saved at
medium quality. Medium quality causes videos to bletrry; people are still
visible in acceptable quality, but text is hardréad. The audio sound is slightly
patchy. For QAMM1 and QAMM2 audio and video fileene saved with optimal
quality.
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The media mix used for no adaptation was the FMKkt2lp from the simulations
and the media mix resulting from the simulationsD8L2 for QAMM1 and
QAMM2 adaptation. The units with no adaptation pded a media mix of
roughly equal time shares of text, audio and videith the text share slightly
bigger. The QAMM1 adaptation contained very litdgt, mostly audio and some
video, resembling a media distribution of 15:55f80text, audio and video. For
the QAMM2 adaptation roughly half of the learningaterials were text, then
some audio and some video, resembling a mediakdison of 55:30:15 for text,
audio and video.

The settings outlined above will impact on genatality of the results, because
they require a system that either provides materal3 different media types or
provides mechanisms to extract text with images amtio with images from a
video. The latter would require developing a vidkat can be taken apart like
that, and still be suitable learning material ither media format. This would
heavily impact on storyboarding and overall cosbwidver recent developments
regarding speech-to-text technology [205] and ifigng relevant frames in a
video stream [80] allow for a scenario that is lolase the provision of one media
to be used to create different types of media mix.
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7.3 QoE Evaluation Tools

According to the QoE model as described in chaptQuality of Experience is
affected by two factors, learning and flow expecenand both factors are in turn
affected by QoS. The QOE evaluation followed thebpr model outlined in
chapter 4. It consists of course probing, a posteguand pre-post learning tests
evaluating perceived quality of service (QoP), flexperience, learning and
experience.

QoS Indicator for QoS is QoP. The unit survey speaificasks for feedback on
the quality of the different media. The post surweguires about the perceived
speed of the website and response time to usenacti

Flow Flow indicators are time distortion, immersiong thalance of skill and
challenge and enjoyment. Time distortion is asskssth questions asking about
the perception of time passing bgnmersion related questions ask for two levels
of immersion. The first level is losing awarene$snost events around us. The
second level is complete immersion in the actieitythe screen without noticing
anything happening in our immediate surroundingsll &nd challenge was
assessed by questions inquiring whether the learc@nsidered the challenges
suitable for their knowledge level. Enjoyment wastnuously assessed with a 4-
point Likert scale labelled with emoticons. Postvey questions assessed aspects
of enjoyment such as whether the course was itilegesittractive and provided
new information.

Learning Learning is indicated by pre-post assessment ancefved learning.
The pre-test assessed knowledge about academingwrilthe post-test assessed
academic writing skills and knowledge about thedoperceived learning asked
the learner for an evaluation of their progress.

ExperienceFinally experience indicators are overall expereeand expectations.
The unit survey asked whether the particular sassiet the learner expectation.
The post survey asked whether the course hadéddlfé@xpectations posted during
the first session.

Table 43 provides an overview of factors, indicatand measurement.
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Table 43: Overview factors, indicators, measurement

Factor Indicator Measurement

QoS Quality of Perception (QoP) Unit Survey Probing
Post Survey Statements 2, 3, 13

Flow Time distortion Unit Survey Probing

Post Survey Statement 14

Immersion Post Survey Statements 15, 16
Skill : challenge Unit Survey Probing
Enjoyment Course Probing

Post Survey Statements 1, 4, 5, 8

Learning Pre-assessment Pre-test

Post-assessment Post-test

Perceived Learning Post Survey Statements 17,118, 2
Experience | Expectations Unit Survey Probing

Post Survey Statement 22

Experience Unit Survey Probing
Post Survey Statements 12, 19, 20

Usability Navigation Unit survey probing (unit 1 and 2
Task support only)

Post Survey Statements 6, 7, 11

7.3.1 Course Probing
The course probing consisted of two main partsetfjeyment sampling built into

the course material and an end of session onliestiqunnaire.

The enjoyment sampling collected feedback with @odw Likert scale labelled
& - enjoyable@ - alright® - mixed ar® - borindieTcourse probing was
collected after each individual activity. Thereliydents gave the same feedback
whether they followed the lesson outline or sekbdtee exercises randomly. An
example for a lesson outline can be found in theeagdix.

The end of session questionnaire collected feedloackjuality of perception,
aspects of flow and aspects of learning. Feedbaadkverall experience, learning
support, meeting of expectations and time distortias collected with 4-point

Likert scales labelled “very good”, “good”, “a lof both” and “bad”. Feedback
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on skill-challenge ratio, perceived quality of threedia and time distortion was
collected with a 5-point Likert scale labelled ‘fulagree”, “agree”, “not sure”,

“slightly disagree” and “disagree”.

The end of session questionnaires was collectest atich 1-hour session. A

sample of the end-of-session questionnaire canualfin the appendix.

7.3.2 Post-Survey
The post survey investigated the main conceptshef QoE model with 22

questions. The survey was a questionnaire withidtphdkert-type scales labelled
“l strongly agree” and “I strongly disagree” at thgtremes. It was sent out to
participants after they completed the course. Tinwey can be found in the

appendix.

7.3.3 Pre-Post-Test Tools
The pre-test was a set of online questionnairgmtethe level of English and

knowledge about academic writing. The English testved to confirm that
students had sufficient knowledge of the languamdotiow the course. The
English test is a standard test used by DCU Lang&mgvice as a placement test
for their IELTS (International English Language fileg System) courses. All
students admitted to the course had passed thegirEnglish. These results were
not considered further for the analysis.

The academic writing pre-test was the actual pse-#&d was compared with
post-test results afterwards. The test requirechéga to answer questions about
academic writing and a grammar and vocabulary teggeting typical errors of
non-native English speakers. The academic writiogt-pest was a paper-based
test consisting of 4 tasks. The test required Earto identify academic writing
structures, errors in writing and to apply theipihedge about academic writing.
Both tests were developed in cooperation with tl#JD.anguage Service, which
regularly offers courses in academic writing. Thst$ can be found in the
appendix.

Results and analysis of the two tests are presemtacdcomparison, because they

show the learning results of the course.
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7.4 Course Probing - Results and Analysis

This section describes the results of the stagiséinalysis, statistical tests applied
and the interpretation of the results. The stattanalysis was carried out with
SPSS and followed the procedure for the differestst as outlined in [63]. The
decision on appropriateness of the statisticaktessbased on previous research
[35] [84] [94] [109] [223] and statistical literat [63].

7.4.1 Statistical Tests
ANOVA was considered initially for data analysisitla normality distribution of

the data could not be confirmed. The Kruskal-Watdist is the non-parametric
equivalent to ANOVA [63] and was therefore appliecanalyse the results.

The Kruskal-Wallis results show whether a differerexists between the three
adaptation schemes no adaptation, QAMM1 and QAMM& Mann-Whitney
test was used as a so-called post-hoc test fdfitingkal-Wallis tests to follow up
on these results. Additionally the Jonckheere-Tiespest indicates trends in the
results. All tests were run in SPSS17 [63]. Thailtedrom the two tests can be
used to calculate trend and effect size. The efé&m# comparing two of the
adaptation schemes can be calculated using there-fom the Mann-Whitney
test. Adaptation 1, 2, and 3 represent the diffeaeiaptation schemes. The coding
variables used are 1 for no adaptation for a FMM@file, 2 for QAMM1
adaptation, adapting to network conditions withoahsideration of the media
mix and 3 for QAMM2 adaptation.

To calculate the effect across all three schemessthndard statistic from the
Jonckheere-Terpstra test is used.

The detailed values for all statistical tests caridund in the appendix.

7.4.1.1 Effect size (Mann-Whitney)
The effect size has a value between 0 and 1. Criteria for thecefize are <.3

for a small effect and >.5 for a large effect. Bgpral shows how to calculate the
effect sizer.

Equation 1

Z — score
I'NoAdapt—QAMM1/QAMM2 — —\/N

The z-score is taken from the results of the Marimtiéy test.
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N represents the number of participants in bothugso
All effects are reported at a significance levepaf .05.
The r value is calculated for the effect betweemdaptation and QAMML1

adaptation and for no adaptation compared to QANNIZptation.

7.4.1.2 Effect size (Jonckheere-Terpstra)

The effect for the series of adaptations can beutated using the Jonckheere test,
using an equation similar to Equation 1. N therresents the participants in all
the groups and instead of the z-score the standldrdstatistic is applied (see
Equation 3).

Equation 2

Standard | — T statistic
Ionckheere = N

7.4.1.3 Testing for trends (Jonckheere-Terpstra)
Equation 3 shows how to calculate the Jonckhesmee.
Equation 3

(JT statistic — mean JT statistic)

~ Standard Deviation JT statistic

Ignoring the sign, values >1.65 indicates a sigaift trend. For values >1.65 a
negative sign of the z-value indicates a trendesicdnding medians; the medians
get smaller as the value of the coding variables degger. A positive sign
indicates a trend of ascending medians; the medjanbigger as the value of the
coding variables get bigger.

A short overview how the statistics were calculageprovided with the example

of the results for enjoyment.

7.4.2 Results Enjoyment
The Kruskal-Wallis Test provides the test statss{gee Table 44)
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Table 44: Test Statistics Kruskal-Wallis Test Enjoyment

Test Statistics

a,b

Rating
Chi-Square 6.127
Df 2
Asymp. Sig. .047
Exact Sig. .056
Point Probability .009]

a. Kruskal Wallis Test

b. Grouping Variable:
Adaptation Type

The table shows the test statistics H, which in SBSabeled chi rather than H,
because of its distribution. The next line providles degrees of freedom. In the
following line the significance is shown, which<4€5. Therefore we can say that
enjoyment was significantly affected by the adaptafH(2) = 6.13; p<.05).

The next set of values comes from the Jonckheese (sme Table 45). The
Jonckheere test tests for an ordered pattern ofm@dians of the groups we are
comparing. Here we are comparing impact of theetiyges of adaptation on

enjoyment and this test analyses whether therérend.

Table 45: Results Jonckheere Terpstra Test Enjoyment

Jonckheere-Terpstra Test 2

Rating

Number of Levels in 3
Adaptation Type

N 60
Observed J-T Statistic 745.500
Mean J-T Statistic 600.000
Std. Deviation of J-T Statistic 65.790
Std. J-T Statistic 2.212
Asymp. Sig. (2-tailed) .027
Exact Sig. (2-tailed) .023
Exact Sig. (1-tailed) .011
Point Probability .000}]

a. Grouping Variable: Adaptation Type
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The first line shows that the test considers tidigferent levels of a data type
called adaptation. These three levels represeatiaptation, QAMM1 adaptation
and QAMM2 adaptation.

To test for trends we use Equation 3 to converidiees to a z-score

(JT statistic — mean JT statistic)
~ Standard Deviation JT statistic

with the values provided in the test table (seel@db). The J-T statistic has the
value 745.5, the mean J-T statistic has the vab@eaid the standard deviation of
the J-T statistic is 65.79. We are looking foradue >1.65 for a significant result.
The sign before the value tells us whether ittiead of ascending medians (+) or
a trend of descending medians (-). In this examaplascending trend means that
more adaptation (no adaptation, QAMML1 finally QAMMZneans more
enjoyment. This gives us the trend across all adiapis. To test how big the
effect r is, we use Equation 2 and convert to thalue.

Standard | — T statistic
Ionckheere = N

The standard J-T statistic is 2.212, N is 60. Thalue gives us the effect size for
the complete tests. The r value is .29, which Iswe3 and therefore represents a
small effect.

To also analyze the effect size between pairs api@iion the results of the
Mann-Whitney test is used. Here we use two talaee;with the test statistics for
a comparison between no adaptation and QAMM1 atlaptésee Table 46) and
another one for a comparison between no adaptatidlQAMM?2 adaptation (see
Table 47).
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Table 46: Mann-Whitney Test Enjoyment; no adaptation:QAMM1

Test Statistics °

Rating
Mann-Whitney U 195.500
Wilcoxon W 405.500
4 -.139 +—
Asymp. Sig. (2-tailed) .889
Exact Sig. [2*(1-tailed Sig.)] .9043
Exact Sig. (2-tailed) .833
Exact Sig. (1-tailed) 416
Point Probability .016

a. Not corrected for ties.

b. Grouping Variable: Adaptation Type

Table 47: Mann-Whitney Test Enjoyment; no adaptation:QAMM2

Test Statistics

Rating
Mann-Whitney U 134.000 +—
Wilcoxon W 344.000
z -1.931 <
Asymp. Sig. (2-tailed) .054
Exact Sig. [2*(1-tailed Sig.)] .076%
Exact Sig. (2-tailed) .075
Exact Sig. (1-tailed) .038
Point Probability .012

a. Not corrected for ties.

b. Grouping Variable: Adaptation Type

To calculate r we use Equation 1

Z — score
I'NoAdapt—QAMM1/QAMM2 — —\/N

To calculate o adaptation-gammithe z-score is -.139 (see) and N is 40 since both
adaptations were tested with 20 participants e&iohcalculate o adaptation-Qamm2
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the z-score is -1.931 (see) and N is again 40 ddtle adaptations were tested
with 20 participants each. This gives W§ duaptation-oamm1 =--022 and o adaptation-
oamm2 = --31.

In summary the Jonckheere test showed a significantl in the data. Enjoyment
increased with the adaptation and the effect acatisadaptations is small; J =
745.5,z2=2.21,r=0.29.

The Mann-Whitney test showed that in detail themswo effect of QAMM1
adaptation (U = 195.5, r = -.022), while there vaasiedium effect of QAMM2
adaptation (U = 134, r = -.31).

In summary, QAMML1 does not affect enjoyment of kbarners, while QAMM2
has a significant positive effect.

7.4.3 Results for Experience

Experience was significantly affected by the ad@amta(H(2) = 8.186; p<.05).
Jonckheere’s test showed a small trend in the Ta@experience improved with
the adaptation, but the effect across all adaptstis very small; J = 647.5, z =
.07, r = 0.09. The Mann-Whitney test showed inaidlet medium effect of
QAMM1 (U = 128, r = -.33). QAMM2 showed a small &ft, however outside
the significance level of .05.

In summary, QAMM1 affected the experience of treners, while QAMM2 did
not reach the level of significance of <.05.

7.4.4 Results for Expectations

Expectation was significantly affected by the adtiph (H(2) = 10.48; p<.05).
Jonckheere’s test showed a significant ascendergdtin the data. Expectation
values increased with the adaptation and there avasedium effect across all
adaptations; J = 804, z = 2.96, r = 0.38. The Mafintney test showed that in
detail there was a very small effect of QAMM1, hoee outside the level of
significance (U = 185, r = -.068), while there waatarge effect of QAMM2 (U =

88, r =-.53).
In summary, expectations of the learner were lafgléd with QAMM1, while

QAMMZ2 had a significant effect and expectationseviedfilled.

7.4.5 Results for Time Distortion

Time distortion was significantly affected by thaaatation (H(2) = 11.72; p<.05).
Jonckheere’s test showed a significant ascendamgltin the data. Time distortion
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increased with the adaptation and there was a medaffect across all
adaptations; J = 769.5, z = 2.47, r = 0.32. ThamM&hitney test showed that in
detail there was a small effect of QAMML1, howevantside the level of
significance (U = 168.5, r = -.-0.15), while theavas a medium to large effect of
QAMM2 (U =97, r = -.49).

In summary, QAMML1 did not improve time distortionhile QAMM2 showed a
large effect on time distortion.

7.4.6 Results for Skill-Challenges Ratio

The Skill-Challenge ratio was not significantlyedted by the adaptation (H(2) =
.291; p>.05). Jonckheere’s test showed no trenthérdata. Time distortion
increased with the adaptation and there was a medaffect across all
adaptations; J = 632, z = 0.47, r = 0.06. The Mafitney test showed that
both, QAMM1 (U = 184.5, r = -.07) and QAMM2 (U =48r = -.07), had only a
very small effect.

In summary, the adaptation did not affect how leesrrated the skill-challenge
ratio. This argues that the material presented wahg equivalent.

7.4.7 Results Quality of Perception

Quality of Perception was significantly affected ttwe adaptation (H(2) = 16.18;
p<.05). Jonckheere’s test did not show a trendhéndata; J = 655, z = 0.79, r =
0.10. The Mann-Whitney test showed that in detele was a medium to large
effect of QAMML1 (U = 89, r = -.49), while there wamly a small effect of
QAMM2 (U = 160.5, r = -.18) however outside thedkuf significance of .05.

In summary, QAMM1 does not improve the experiende tloe learners

significantly, while QAMMZ2 has a significant effect
7.5 Post Survey

The post survey collected feedback on several factithe proposed QoE model
at the end of user testing. It contains elemeniddntify flow experiences,
enjoyment, experience, perceived learning, Qualtyerception and usability.
Factors, indicators and measurements are summanideable 43. The post
survey complemented the pre-post learning assessmerthe continuous
assessment of enjoyment, experience, expectashitisghallenge ratio, time

distortion and Quality of Perception during therussts.
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The post survey data was collected from 15 usewsasmpleted all the sessions.
The post survey was a questionnaire including aestents with 4-point Likert-
type scales labelled “I strongly agree” and “| stgly disagree” at each extreme.
The 4-point scale forces choices and was seleoteddid neutral answers. The
guestionnaire design is based on previous flowarebe[198] and research on
customer satisfaction [87] [90] [104].

The results of the post survey are not linked &pecific adaptation policy. The
survey reports what users remember after the cdarsempleted. The results
show that there is a different perception during tourse, assessed with the
course probing, and after the course, assessedhistpost survey.

7.5.1 Flow Survey

Three survey items investigated flow and in paléicutime distortion and
immersion (see Table 48). The two statements abmuersion aimed to explore
how much users felt immersed. Immersion in a wanldated by the course
website is intensity usually found in online gamag, not in course websites and
would indicate very strong immersion. Being unawarfe the surroundings
indicates much less immersion, though it still gadés immersion and a focus on
the task.

Table 48: Flow Survey Statements

S14 | While | was browsing the course pages, timmsédo go by very
quickly.

S15 | While browsing this course, | was not awarsmgiimmediate
surroundings.

S16 | felt that | was in the world created by tbearse web site.

Statement 14 and statement 15 received a mean ohlL87; statement 15 and
statement 16 received a mean value of 2.13 (sele #8h. These results indicate
general agreement with all three statements.

Looking at the results for statement 14 in dethdvss that there are three users
who disagreed, while everybody else apparentltiiglt time went by quickly and
therefore agreed with the statement. These resalts be confirmed by user

observations; often participants had to be remindexnclude their sessions.
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Two users expressed strong disagreement with statebd, indicating that they
were constantly aware of their surroundings, wiale other users confirmed
immersion in the activity.

Statement 16 received disagreement from six usdrish is more than a third of
the users. Nevertheless the majority of participamdicated strong immersion in

the activity, which is unusual for learning website

Table 49: Flow Survey Results

| |
strongly strongly
agree disagree | Mean Mode
1 2 3 4
S14 5 7 3 0 1.87 2
S15 6 7 0 2 1.87 2
S16 4 5 6 0 2.13 3

Looking at the individual responses to all thremnmlrelated statements, and in
particular the two statements investigating imnuersia few peculiarities stand
out. Out of the six users who did not experiencmarsion at all (S16) only one
also disagreed with the light immersion (S15). Tikisn line with the expected
result that immersion can be expected, but notssecdy strong immersion. One
user disagreed with all three statements, whiclcates the course was a rather
painful experience. The mean value and the modaevare very close for
statements 14 and 15; while the mode value is derably lower for statement
16 (see Table 49). In summary most users confiranalv experience.

7.5.2 Enjoyment Survey

Four items investigated enjoyment (see Table 5@resof the flow indicators.
Statement 1 focused on the overall experiencee@tits 4, 5, and 8 explored
individual aspects contributing to enjoyment susheajoyment in general and
whether users found the course interesting andcéite while providing new

information.

Table 50: Enjoyment Survey Statements

S1 | Overall, I enjoyed LUCie.

S4 | The course is interesting.

S5 | The design of the course is attractive.

S8 | The course provided some information that is tteme.
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Mean and mode values are very similar (see TableSatement one received a
mean value of 1.87, confirming most users enjopedcburse. Statement four has
a mean value of 1.73, showing that most users foluead UCie course interesting.
The design of the course was perceived as atteaatind this resulted in a mean
value of 1.60 for statement five as well as a mealee of 1, indicating strong
agreement. Although the mean value of statemenht eigl.80 is lower than those
of the last two statements, it received the led@sagieement of all enjoyment-
related statements.

There was no strong disagreement with any of theyerent-related statements.
One user indicated disagreement with statementsand 5. This user gave an
average feedback of 2.5 for all statements, whscthé lowest evaluation value.
Interestingly the same user expressed satisfaatitnthe course in the interview

following the post survey.

Table 51: Enjoyment Survey Results

| |

strongly strongly

agree disagree | Mean Mode

1 2 3 4

S1 5 7 3 0 1.87 2
sS4 6 7 2 0 1.73 2
S5 8 5 2 0 1.60 1
S8 4 10 1 0 1.80 2

In summary the results indicate that the courseintasesting, attractive and
provided new information, which made it enjoyable.

7.5.3 Experience Survey

Four items presented experience-related stater{sadslable 52). Statements
explored satisfaction with the website, user rédendnd whether expectations

were fulfilled.

138



Table 52: Experience Survey Statements

S12 | | felt efficient when | was using the web site.

S19 | After attending the course, | want to find mare about academic writing.

S20 | I would like to return to the course web siteififormation on academic
writing.

S22 | In the first session you were asked to outig expectations. Please read
the copy of your submission.
Looking back, did the course meet your expectafions

Statement 12 received a mean value of 2.53, winiditates that the participants
did not feel efficient using the website. All paitiants except for one would were
inspired by the course to find out more about acadevriting. This is reflected

in a mean value of 1.53 for statement 19, whichihes best result of all the

statements and indicates strong agreement. Stat@ddras a mean value of 1.73;
except for one all participants would like to retdo the website. This extremely
positive feedback is interestingly followed by staent 22 with a low mean value

of 2.40. The course did not meet the expectatibadneost half of the participants.

Table 53: Experience Survey Results

| |

strongly strongly

agree disagree | Mean Mode

1 2 3 4

S12 3 3 7 2 2.53 3
S19 8 6 1 0 1.53 1
S20 6 8 0 1 1.73 2
S22 2 6 6 1 2.40 2,3

The results present strongly varying feedback {sdse 53). Participants did not
feel efficient and expectations they had were obfilled. The expectations were
collected for each participant as a forum postinipe@ beginning of the course.
Each participant was given those expectationsvaluation in the post survey.
On the other hand most users would like to retariné course website for
information on academic writing and felt inspiregthe course to learn more

about academic writing.

7.5.4 Perceived Learning Survey
Three items assessed perceived learning (see 34pl€hree of the statements

on perceived learning explored the self-perceptioime users, while the
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remaining two statements investigated learninglamdviedge gained through the

course.

Table 54: Perceived Learning Survey Statements

S17 | After visiting the course, | feel that | haeardned more about academic
writing.

S18 | | have gained more knowledge about academimgattending the
course.

S21 | After visiting the course site, | am confidért | can write academic
texts.

All statements related to perceived learning shamean value of 1.87, with

different mode values though (see Table 55).

Table 55: Perceived Learning Survey Results

| |
strongly strongly
agree disagree | Mean Mode
1 2 3 4
S17 7 3 5 0 1.87 1
518 6 5 4 0 1.87 1
S21 5 7 3 0 1.87 2

The result for statement 17 implies that two thafdthe participants had the
feeling they learned more about academic writind armode value of 1 mirrors
that almost half of the participants strongly agweethis statement. Five users
showed moderate disagreement with the statement.

Most users had the impression they gained more leume how to write
academic texts and agreed with statement 18. Texs uisagreed with both those
statements, indicating they neither learned noneghimore knowledge about

academic writing.

Statement 21 has a lower mode value compared tpreéheous two statements,
but has only a fifth of the participants disagrgemmoderately. The majority of the

users feel more confident writing academic text.

In summary close to a third of the participants erately disagree that they
learned more about academic writing, although tlagority feels confident to

write academic texts after attending the course.
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7.5.5 Quality of Perception Survey
Three items explored QoP user feedback (see Tab)e Bhe statements
differentiate between general impressions of tleedpf the website, response to

user actions, including opening an audio or vidieoaind loading of a web page.

Table 56: Qualityof Perception Survey Statements

S2 | The web site speed is fast.

S3 | There is little waiting time for the web pagesaad.

S13 | The web site’s response to my actions (suchickéng a link) was fast.

Statement 2 and statement 13 received a mean wilie67 and statement 3
received a mean value of 2.0 (see Table 57). Tdgates general satisfaction
with the speed of the website. A third of the maptants disagreed with statement
3; they found loading times for web pages too Iddgwever the mode value for
the statement shows that more than a third of qpaints agreed strongly that

there is little waiting time for web pages to load.

All participants agreed that the response to usigorawas fast.

Table 57: Quality of Perception Survey Results

| |
strongly strongly
agree disagree | Mean Mode
1 2 3 4
S2 7 6 2 0 1.67 1
S3 6 4 4 1 2.00 1
S13 5 10 0 0 1.67 2

In summary these results reflect that the purpadseil-in startup delays for some

of the units did not make a lasting impression {Ealgle 57).

7.5.6 Usability Survey
Three items explored the usability of the websste(Table 58). Usability was not

part of the proposed QoE model. During the prestastl throughout the user tests
usability issues came up frequently. Moodle, tle@Heng management system
(LMS) used for the user tests was chosen, becaisthe system in use at the
university. Also there was an expectation thatsiesy used by many institutions
in higher education would provide an acceptablelle¥ usability. Most usability
issues are directly rooted in the LMS.
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Table 58: Usability Survey Statements

S6 | I had no problem finding what | wanted.
S7 Navigation of the course was simple and easy.
S11 | | felt that | had the freedom to go anywhertheweb site.

Usability got a very mixed response, including strest disagreement (see Table
59). Most people had problems finding what they t@dnwhich resulted in a
mean value of 2.43 for statement 6. Statementéived a mean value of 2.80,
which confirmed many of the comments in the chat @guests for help during
the sessions. It stands out that 5 participantsesspd strong disagreement. Half
of the users did not feel that they could go evémre on the website; statement

11 received a mean value of 2.33.

Table 59: Usability Survey Results

| |
strongly strongly
agree disagree | Mean Mode
1 2 3 4
S6 3 3 8 1 2.47 3
S7 1 6 3 5 2.80 2
S11 4 4 5 2 2.33 3

The navigation was confusing for many of the usé&tss became obvious in
many of the chat comments and was expressed clanilyg the focus group type
discussion at the end of the user tests. Somets&s got lost, going back from
an activity to a course page. Users even felt tweyd not go everywhere on the
website. The navigation changes from the left o #treen to the top. The
navigation on the left includes all top level itemagich is replaced with bread-

crumbs navigation on the top of the page for astipages.

7.5.7 Summary Post Survey Results
The results show that immersion in the course wssiple for most users and

they also enjoyed the course. The experience wasdithough. On the one hand
the course inspired users to learn more aboutaghie eind they wish to return to
the website for future reference. On the other hsmahe users considered the
course inefficient and indicated that their expeote were not met. The learning-

related questions showed that most users have aséfaperception of their
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knowledge, but they indicated that they learned etbimg and feel more
confident to write academic texts after the courfke website speed was
considered good and loading times for pages fast. Usability of Moodle was

considered poor by most users, in particular thegadion of the website.

7.5.8 Analysis Post Survey
For the relationships between learning, flow andesience the study produced

results which add to the findings of previous weorkhis field [198] [150]. The
analysis and conclusion looks at the results oliger tests along the relationships
in the proposed QOE model. The regression analys@énines the impact of
learning on experience and the impact of flow opegence. It also considers the
impact between flow and learning. Finally it coresglthe impact of QoS/QoP on
flow, learning and experience. QoS is used synomghyowith QoP as the post
survey could only ask for the perceived quality.

To analyze the data a regression analysis wasedaaut. The results of the
regression analysis are reported for the differetdtionships in the following.
The detailed tables with the results of the regoasanalysis can be found in the

appendix.

7.5.8.1 Impact of Learning on Experience
Learning accounts for 45% of the experience, maksgnificant contribution to

it and predicts experience significantly welféR.455; F = 10.866).

7.5.8.2 Impact of Flow on Experience
Flow accounts for 27.2% of the experience and atsakes a significant
contribution, predicting experience significantheM(R?= .272; F = 4.850).

7.5.8.3 Impact of QoS/QoP on Flow

The impact of QoS or QoP on flow has not been thginty investigated
previously. The analysis shows that QoP accoumt$Xa!% of flow variation and
it predicts flow significantly well (R=.114; F = 1.675).

7.5.8.4 Impact of QoS/QoP on Learning
The impact of QoS on learning has been investigatethis research group,
although with reduced media and without considenabf flow experience. The
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results of this study confirm the results and shibat QoP accounts for 2.8% of

learning variation. The level of significance igywéw.

7.5.8.5 Impact between Flow and Learning

A strong relationship between flow and learning basn reported in the literature
[148]. The results of this study confirm this wilow accounting for 15.8% of
learning variation and a significant contributigmedicting flow significantly well
(R?= .114; F =). A similar conclusion can be drawn thee impact of learning on
flow, which equally accounts for 15.8% of variationflow (R?= .158; F = 2.445).
Although significance levels vary strongly with <@ prediction of the impact of
learning and flow compared to a significance lenfet.005 for the impact of flow

on learning.

7.5.8.6 Impact of QoS/QoP on Experience

The direct impact of QoP on the experience did pecedless than satisfactory
results. Although the Rvalue indicates that QoP accounts for 6.5% of the
experience, F <1 shows that the impact is not Bggmt. The reason might be that
the post survey captures the overall impressiongtwis coined by the memory of
the learning and the flow experience. QoS mightehawerrupted the flow
experience in the process of the course, but msehat this is not pulled together

by the users.

7.5.8.7 Impact of Usability on Experience

Although usability was not specifically included ihe proposed model it was
always recognized as contributing factor for exgrece and was therefore
included in the measurements. In the course ofiskee tests this turned out to be a
valuable decision. Usability accounts for 48.8%huf experience and also makes
a significant contribution, predicting experienégngficantly well (R*= .488; F =
12.375).

7.5.8.8 Conclusions Post Survey
The goal of this research is to explore if and QoS affects the Quality of
Experience. The results of this study show that Qo&s not significantly affect

experience directly. However it affects learningl dlow significantly and both
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factors in turn affect the experience of the leesnkn addition usability turned out
to be the strongest factor directly affecting exgrese.

With a small sample size and the language learsgtfing, caution must be
applied, as the findings might not be transferablany e-learning situation. They
do merit further investigation though — this wik lexplored further in the future
work section in chapter 8.

7.6 Pre-Post-Tests — Results and Analysis

The pre-test was submitted by all participantdathieginning of the course. The
pre-test is an academic writing test which condistel2 questions and combined
a mix of question techniques such as true/falsdéchmreag, multiple choice and
short answers.

The post-test consisted of four tasks and asseaksekhowledge about academic
writing at the end of the course. The first tagkealsto correct a sample text with a
few paragraphs for errors in structure, grammaellisig and punctuation. The
second task asked to identify which section of dicla two separate paragraphs
represented. The third task asked to describe clesistics of a well written
paragraph and finally task four required to matett samples with the sections of
an academic text. The post-test results are pegemta case study; it was given
to a small sample of seven students. It was planoeglve the post-test to all
learners during their last sessions, but many ef ldarners stopped attending
without prior notice. The post test was taken byeseparticipants; results are

described with descriptive statistics.

7.6.1 Results
The pre-test average mark was 30 percent; thetpsisiaverage mark was 40

percent. The median mark in the pre-test was 3@epér in the post-test the
median mark was 40 percent. Marks in the pre-tagged from 18 to 39 percent,

while in the post-test marks ranged from 19 to éfcent.
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Figure 50: Results Pre-post test

The results showed that most participants had iwgaraesults in the post test.
The increase in points varied and in one case thek m the post-test was
considerably lower than in the pre-test. A folloprinterview with the participant
with lower score in the post-test showed that tihe-tpst allowed more for
reproduction of rote learning, while the post-tasked for application of the
newly learned skills, which the participant founshsiderably more challenging.
The participant felt more familiar with the repration of rote learning, based on
previous learning environments. In summary the lteshowed that the course

improved the knowledge about academic writing.

7.6.2 Dropout rates among respondents
The course seemed to confirm high drop-out ratesofdine learning, but on

closer examination it became clear that this wdsfarent situation. A follow-up
on those participants who dropped out showed thatudents, which is a quarter
of those registered at the start, left Irelandyelaélcause of religious engagements,
in particular the start of Ramadan. Another grodpOopostgraduate students
found out on very short notice that their transkgorts were due a few weeks
after the beginning of the course. The remainingdesits showed very low
dropout rates for course attendance, but decreststb@ end of the course which
was also the end of the summer and in particularShturday morning group

diminished. Course probing was less affected, exdéep the final learning
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assessment, which turned out to be difficult tdemt! Conclusions from these
results were therefore treated as case study réthergeneral results.

7.7 Conclusions User Testing

The user tests set out with the aim of assessmg@ripact of QoS on learning and
flow experience. In particular the impact of adagtcourse material to network
conditions (QAMML1) compared to adaptation to nekvoonditions and a mix of
media (QAMM2) was under investigation.

Although much attention was paid to the selectibthe test environment and the
recruitment of participants as well as the desifjthe test course, there might be
an impact on the results by factors not consideféese unwanted interferences
could be based in the learners, e.g. previous ilggam@xperiences and resulting
preferences or their overall condition or mood be test day. Some types of
activities seemed to be more suitable and morelesigahg to some of the
participants than others. The technical setup diccause any major disturbances,
however there might have been problems which weteaported. The quality of
the content, in a technical and a learning coniex4, significant factor. To filter
out most possible influences of any of the relatactors, the learning and
technical quality was assessed by an expert. Hawdwe test course was
produced in a research environment, not in a psajeal production setting.
These limitations were considered for the followampclusions.

The most interesting finding was that QAMM2 hadgngicant effect on several
test factors with an impact on flow and eventualyQoE, while the direct impact
of QAMM2 on experience was much less. One implaatiof this is the
possibility to improve QoE by enhancing flow wittA@IM2 and thus indirectly
improve QOE.

Another interesting result is that there is a fior@l chain of QAMM2 affecting
QoP, which then affects flow, which in turn affe@QeE.

The results of the user tests can be summarizadsiructural model that clarifies
dependencies between factors of the model and ingbdbe proposed algorithm
QAMM2 (see Figure 51). QAMM2 affects three factof@pP, which is the
perceived QoS, flow and experience.

147



QoS affects learning, but only slightly. It has adium affect on flow. Flow and
learning have an equally medium effect on eachrofflew has a strong affect on
experience. Learning and usability both have a g&gng effect on experience.
The impact percentages found in the statisticalyarsaare provided in Figure 51
and indicate the impact of each aspect separalé¢lgy do not consider or
compare to the remaining aspects and thereforarthetations will not add up to
100%. An overall comparison adding up to a total@®% could be done using a
structural equation model, but this would requirachn more testing involving

several hundred participants, which is beyond tops of this research.

QoS/QoP Experience

Learning

Usability

% QAMM?2 ——> Affect of Factor

Figure 51: Summarizing Structural Model

The results of the post survey showed that usghi#ts not good, in particular the
navigation. This was rooted in the design of Mookl it was not possible to
solve this in the context of these tests. Moodteef@ample changes the navigation
when any of its activities are used. It was inliyialery confusing for users to find
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the way back to the main course page or the raspeattivity page. After a few
sessions the participants got used to the navigabat still commented how
inconvenient it is. The strong impact usability hemphasizes once more that
Quality of Experience or user experience in multilmee-learning can only be
discussed against the background of sound basisitgetievelopment, which
includes consideration of usability concerns.

The results show that the combination of probingl aurvey is a valid
combination of measurement tools and could be ooefi as measurement model.
They provide an insight in an overall-state andracess measure. While for
example during the course the different adaptasidmemes cause an immediate
response, this is softened in retrospect and famgke QoP results are much
more positive. Additionally the most outstandingtéas, good or bad, will be
reported in retrospect. The probing therefore gieesiback on what affects the
learners while they are in the process of learmvigle the post survey gives an
insight about the factors that overall affect aisiea to continue or to return to
learning.

A number of issues for future research can be ddrivom the results. They will
be included in the future work section in the finhapter.
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8 Conclusions and Future Research

This chapter highlights the main conclusions frdis tesearch, presents its

contributions and outlines some suggestions faréuvork.

8.1 Conclusions

This research aimed to find a solution to improveal@y of Experience in
multimedia e-learning systems under varying netwadnditions. Existing
multimedia e-learning systems do not consider chsng network conditions
such as available bandwidth. This can cause camdidenegative effects on the
Quality of Experience through long startup delayd bbw quality of the delivered
multimedia. Previous solutions aimed at adaptirgrtiedia to the given network
conditions. In the context of e-learning this mause loss of information and
requires extensive alterations of the media. Aslatisn an algorithm (QAMM?2)
was proposed that combines consideration of netwoankditions as well as
learning and motivational aspects for the seleatiosuitable learning materials.
A. Quality of Experience in multimedia e-learning sys¢ms must be
viewed in a broad sense.
Previous work on Quality of Experience in multimed+-learning systems mainly
considered objective parameters combined with Usaltesting. The term
Quality of Experience originates from a backgrowfdtechnical performance.
Although the definition introduced by ITU in 200€cognizes that QOE may be
influenced by user expectations and context, isdua specify this any further.
The term user experience, which is rooted in thetecd of human-computer-
interaction, explicitly recognizes the influence efotions, enjoyment of
interaction with the system and the importanceooitext for the experience of the
user. Recognition of the context includes consittanaof different roles of the
person interacting with the system; in e-learnimgse are the roles of learner, user
and customer. These roles generate different exfi@es each of which have to
be met to create high quality experiences. The tatlap algorithm QAMM2
caters for the requirements of the learner suppgptéarning, more importantly by
supporting flow experiences. Flow experiences haeen shown to affect

learning in a positive way. The user expectati@garding system performance

150



are considered for example with a reduced starelpyd Increased enjoyment
addresses the customer, who requires some addaelv@yond the mere learning
with the system.
The impact of Quality of Experience can only bdytmeasured if it is embedded
in an adaptive e-learning system with an informeatning design and embedded
in a larger adaptation scheme catering for knowdeldgel adaptation and other
adaptation parameters crucial for the given context
B. Quality of Experience in multimedia e-learning systms can be

improved by adjusting the content media format to sit network

conditions with the QAMM2 algorithm, combining QoS adaptation

and media mix adaptation.
E-learning is plagued by high drop-out rates, offel to lack of motivation. A
variety of different media are known to motivatearle@ng. However, media
diversity in e-learning systems to booster motosatcan have a reverse effect if
network conditions are not considered. On the oki@erd high quality of media
transmission alone does not affect the quality xgfeeience much. Diversity of
media has to maintain good service quality. Usstisteshowed that QAMM2 with
its combination of both those aspects has a pesgtffect on the perceived quality
of media (QoP), the flow experience and finally thuality of the experience.

C. Learning and flow experience are key contributors & Quality of

Experience in multimedia e-learning systems.
Quality of Experience in multimedia e-learning gysst is a fairly new and still
ambiguous, but is nevertheless a highly relevamicept for the success of
multimedia e-learning. The user tests showed tloat &xperience and learning
very strongly affect the Quality of the Experienéenong the factors in the QoE
model also affected by Quality of Service, learnwwgs the factor with the
strongest immediate impact on Quality of Experiendeile flow experience was
found to be the second strongest factor with actimpact. The Quality of
Experience model proposed initially could therefbee confirmed — within the
limitations for individual parameters’ effects om&dity of Experience as outlined

above.
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This has strong implications for future adaptiveltimedia e-learning systems.
Existing multimedia systems can improve their dyalof experience or,
expressed in marketing terms, their product qudhyy adding the proposed
algorithm to their system - provided a system hasgha level of learning design
quality. The improvement of the Quality of Expexens especially relevant for
learning systems that rely on customer perceivedlityu motivation and
engagement of the learner, as circumstantiatetidyesults of the user testing.

D. Not only is flow experience crucial to QoE, but iis the main conduit

through which QoS impacts QoE.

This research looked at the different relationshigfs flow experience in
multimedia e-learning and found that it is highlglevant for Quality of
Experience. Flow experience has very strong ti¢is all connected factors.
Most prominent is the strong impact of flow expede on the quality of
experience. Furthermore flow experience is stresyggd significantly by the
proposed QAMMZ2 algorithm, in particular throughiexprovement of enjoyment
and an increase in time distortion. In additionamls affected by the perceived
guality of Service (QoP); almost equally stronglesimpact of flow on learning.
The research confirmed the impact of flow experean learning and an equally
strong impact of learning on flow experience.

E. The impact of the QAMM2 algorithm on Quality of Experience varies

between short-term impact and long-term impact.

The course probing demonstrated a significant impaQAMM?2 on Quality of
Experience, while the post survey did not confirmiramediate impact of Quality
of Perception on the Quality of Experience. Tlriewgs that the perception of the
learner changes over time. An explanation mighthlaé¢ during the course a lack
of sufficient network resources prevents accessh® predominant activity
(learning) and interrupts the focus of attentiom.rétrospect the learner has a
broader perspective on the course, including fangde the suitability of the
learning material or the learning environment, dhe impact of the network

conditions and the media mix is obscured.
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F. The impact of Quality of Service on Quality of Expeence in
multimedia e-learning has been under-estimated andeserves more
consideration.

The Delphi study at the beginning of the researcbw®d that QoS-related
adaptation is not considered of high relevance. &tperts ranked the hypotheses
relating to QoS very low. Yet the comments regaydagreement with those
hypotheses showed that much of the low rankingsessed a tentativeness,
because of a lack of available research resul lack of own research in this
area. However, the results of this research shaivtttere is significant positive
impact of the QAMM2 algorithm, which combines catesiation of network

conditions and media mix, on Quality of Experience.

8.2 Summary of Contributions

The main contributions of this thesis are a model adaptation policies for
Quality of Experience in multimedia e-learning aamd associated measurement
model.

A. Model for Quality of Experience in multimedia e-leaning
The model combines five relationships between feariables of Quality of
Experience. The four variables are Quality of SEvfQoS), flow experience,
learning and Quality of Experience.
Of these variables Quality of Service, flow expece and Quality of Experience
are significantly affected by the proposed QAMM@gaalthm.
The first two relationships connect QoS with flomddearning.

* QoS impacts learning.

* QoS impacts flow experience.
There is a strong relationship between QoS and féxperience, while the
relationship between QoS and learning is considigraleaker, but within the
limits of statistical significance.
Next is the mutual relationship between flow andriéng. These two factors
significantly affect one another equally.
The last two relationships are between learningy fexperience and Quality of
Experience.

» Flow experience impacts Quality of Experience.
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» Learning impacts Quality of Experience
The impact of both factors is strongly significahearning has the strongest
direct impact on Quality of Experience of all cabirting factors, followed by
flow experience.

B. Adaptation policies for Quality of Experience in mutimedia e-

learning

There are two adaptation polices combined intodaptation strategy. The first
policy selects media formats suitable to given ekwconditions. The second
policy decides which media format to deliver basadhe media history,
avoiding the media format that has been delivemadediately before unless the
network conditions do not allow for any variation.

C. Measurement model for Quality of Experience in mulimedia e-

learning

None of the factors in the QOE model can be obsemieectly. Therefore
indicator variables have to be measured. The meamnt model outlines the
factors of the QoE model and their respective iaiaics.
Indicators for flow experience are time distorti@amd immersion. Learning
indicators are qualitative pre-post tests, quaintgaachievement and the learning
activity. Network conditions are indicated by aabile bandwidth and media mix
is characterized by media distribution.
Measuring Quality of Experience with the measuremeodel provides a reliable

monitor for the impact of the adaptation policies.

8.3 Future Work

A. Accessibility-based Software Engineering Framework for User
Experience across Multiple Devices
The web has evolved from a pure content presentatiedium into a platform for
rich interactions and collaborative activities. Howgr, in many cases web
accessibility and cross device user experience rn@skept up with these
developments. The lack of continuous comparable eiggerience creates digital
exclusion. With a growing number of essential edagyservices provided via the
internet (online tax, citizen information, educatietc) this is more than an

inconvenience, but a matter of exclusion of largenbers of users and the so-
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called “digital divide” is seen as a problem by majovernments. The lack of
suitable tools to integrate user experience invibek flow makes it complicated
to maintain user experience across a variety ohéra and devices.
Based on the work in this thesis, this line of waikns to design and test a
software engineering framework for creating and cdbgg interactive
content that has a guaranteed level of web acdltgsitvhile providing an
equivalent user experience across multiple de\acesusage contexts.
The framework will comprise a process model, woldwf recommendations,
interaction models, metrics for the combined precasd best practices. The
framework will integrate with related software emggring process models (e.g.
[191] [209] [199] [219]) and previous accessibilitgsearch (e.g. [207]), but
unlike those it will focus on quality of user exerce.
By testing and applying proposed process modelgah project situations, it is
hoped that a realistic model and workflow will egeeithat can be easily adapted
by companies producing online user experiencesalljglthe process that emerges
will address platform independence and address waysptimise the user
experience across current and future platforms.

B. Structural Equation Modelling
The results of this thesis show that a broad viewaztors affecting Quality of
Experience is necessary. To explore the conce@uality of Experience further
it is necessary to identify a method to balanceaving number of variables.
Often these variables are latent, meaning they atabe directly observed.
Structural Equation Modelling [187] has been usedresearch on flow in
computer-mediated environments [195] [167], flow danline games [28] and
education [198] to analyse multidimensional cordsu
Structural Equation Modelling (SEM) enables to osadtiple observed variables,
while basic statistical methods only use a limitadmber of variables.
Additionally SEM allows including measurement ermorthe statistical analysis;
this increases validity and reliability of the rkisu SEM analysis aims to
determine how a theoretical model is supporteditfgrdnt variables. SEM uses
hypothesis testing to develop a better understgndirnthe relationships among

constructs the model is made of and their relakignss An SEM model has two
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main components, the measurement and the struchodél. The measurement
model defines the relations between observed aobsenved variables, while the
structural model defines the relations among thebsarved variables only.
The SEM approach is considered a promising route fimure work and
collaboration to investigate an increasingly corhpresive bundle of factors
affecting Quality of Experience in multimedia e+leiag.

C. User experience in Multimedia e-Learning
Further research could explore the impact of aoldéi factors on QoE and how
these factors are affected by the proposed algoritknother important issue for
future research is how to add information abouivflo the proposed algorithm
and adjust the adaptation accordingly.
In interviews following the post survey users acklemiged that the course helped
them to gain knowledge, but they did not feel dblapply it better. A suggestion
from the participants to change this was to prowddeiled individual feedback
on assignments and more individual interaction witie tutor. This seems a
suitable solution, although not feasible within tneer tests for this research. It
showed though that the course was not perceiveath agtificial situation, but a
real life learning setting. This presents the isstueombining QoS-based research
on QOE in multimedia e-learning with research oenbkd learning. In this
combination QoE would undeniably have to be embeddehe slightly broader
concept of user experience.
The measurements for this research could partislyautomated, based on the
existing measurement model. Time distortion cowddnieasured by comparing
the minimum numbers of units to the actual uniteedcAn analysis of the server
logs could provide the necessary data. Immersioiiddoe measured by providing
light distractions - usage monitoring will show winer the learners react to the
distractions. Bandwidth could be estimated autora#yi and feed directly into
the adaptation algorithm. The flowplayer [66] ahd EMIL-compatible ambulant
player [17] provide mechanisms to adapt the typenetlia played to available
bandwidth. The media mix can be monitored by us$ihglog files for each user
and can be implemented using SMIL [45]. The autienassessment of the

learner's knowledge level has been implementedvaral adaptive systems [16].
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Appendices

Appendix A —

Delphi Advisor Panel Documents & Delphi Invitation

1 Interview Guidelines

A Learner, is a Learner, is a User, is a Customer

- So what exactly do you mean by Quality of Experrece?

An e-learner’s Quality of Experience (QoE) is imfaad by previous experiences
as a learner, a user of computer/web-based systens customer. We propose a
holistic view on QoE, considering the differenta®lof the learner as learner, user
and customer, that has been missing until receithumber of factors have been
identified that are likely to impact on QoE.

The adaptation of our system aims at a good Qatw-Félated as well as
learning-related aspects are the main componentedoE, which are both
influenced by quality of service (Qo0S).

This Delphi study explores an initial ranking oétimportance of these factors.
The panel for this Delphi study consists of exp&m research in the area of e-
learning, e-commerce, adaptive systems, and psyghol he study also includes
experts from the e-learning industry and e-learratBough learners will be
involved mainly while developing the prototype ahding user testing of the

prototype.
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Flow

The concept of flow was first introduced by Csikgmeihalyi and it represents the
optimal experience or complete absorption with @iviy. It is characterized by

8 dimensions, which can be divided into three tagetecedents, experiences
and effects. The dimensions allocated to the adtetestage are a clear set of
goals, immediate feedback and equilibrium betwdgilenges and skills. The
experience stage is characterized by the mergiagtadn and awareness, focused
concentration and a sense potential control. Tired &ffects stage is characterized
by a loss of self-consciousness, time distortiath aself-rewarding experience.
Flow has also been described as a match betwdénasid challenges, and
depending on the match or mismatch, it resultéom,fboredom or anxiety.
Learning

Learning is characterized by learning and teachethods, learning styles,
different learning theories, the quality of feedbaad interaction influence as
well as the ratio of skills and challenges.

QoS

The interdependence of network-level parametersragdia type defines the
relevance of the QoS elements. Delay, jitter asd tan be highly
disadvantageous for the QoE, but they can alsoneehthe QoE. For example a
video-based presentation can have a better Qe ibss of frames keeps some
pictures longer available while the audio inforroatcontinues, because it

provides more time to take in the visual informatio
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FLOW

Hypothesis 1: Increased attractiveness of a learngnenvironment enhances
flow.

[18] found a strong correlation between attractessnof a website and flow
experiences. The level of enjoyment of a websifgedds on the media
presentation and whether it supports the userderstanding the content of the
website easily [24]. The concept of ‘technologyaasy’ [25] describes how a
well-designed technology interface can be intrialbycmotivating for the user.
Hypothesis 2: A balanced skill and challenge ratienhances flow.

Flow has been described as a match between skdlslzllenges, and depending
on the match or mismatch, it results in flow, bamedor anxiety [26].
Hypothesis 3: A clear set of goals corresponds tmproved flow.

[15] defines a clear set of goals and fast feedlaadkvo dimensions of flow.
Hypothesis 4: Good interactivity of a learning enwionment corresponds with
a focus of attention on the activities in the leanmg environment.

Interactivity is a way to increase the telepresencsate where the user is more
aware of things in the virtual world than in hishar physical surroundings [16].
Hypothesis 5: Better ease of use of the learning\@rmonment corresponds

with improved interactivity.

If the user can find relevant information easihteraction with the system
becomes quicker and more enjoyable and motivagesdér to interact longer
with the system [18].

Hypothesis 6: Better ease of use of the learning\@rmonment corresponds

with clearer focus of attention

Hypotheses 7: Improvement of QoS when delivering vieous multimedia
types can improve the flow experience.

The interdependence of network-level parametersragdia type defines the
relevance of the QoS elements. Delay, jitter asd tan be highly
disadvantageous for the QoE, but they can alsoneehthe QoE. For example a
video-based presentation can have a better Qtife ibss of frames keeps some
pictures longer available while the audio inforroatcontinues, because it

provides more time to take in the visual informatj@4], [28], [27].



Hypothesis 8: An increase or decrease of the restilon of multimedia leads

to increase or decrease in learning.

Hypothesis 9: A more intense flow corresponds withmproved learning

results.

Users experiencing flow are more likely to alsowhimproved learning results
[18].

LEARNING

Hypothesis 10: Applying conversation style texts &ls to a more personalized
learning environment and corresponds with more intase learning for
beginners.

In a study on multimedia learning it could be shdtatt applying more
conversational language and combining differentimethkes it easier for the
learner to accept that they are in a human-to-huntaraction and this leads to
an effort of the learner to understand what themogerson is saying, which leads
to more intense learning [28].

Hypothesis 11: Reduction of videos to selected imag (frames) can increase
learning if the auditory narration quality is maint ained.

Hypothesis 12: An increase or decrease of the restibn of multimedia leads
to increase or decrease of flow.

Education research shows [28] that a reduced nupfberages in educational
materials actually improve the learning due tofde that all information
processing channels have a limited capacity. Tl explains why materials
addressing different processing channels (for exaidio and visual channels)
result in better learning. Similarly, research lba Quality of Perception and QoS
found that a significant loss of frames in videmgioves the learning outcome
[29].

Hypothesis 13: Learning materials with a mix of anination and on-screen
text leads to more intense learning.

The concept of multimedia learning is based oramieg model which assumes

that learning is best when it combines verbal asdal information [28].



Hypothesis 14: A balanced skill and challenge raticorresponds with
increased learning.

Flow experiences are often related to tasks thathtae skill level of the learner
and the mastery of the challenges can promotenfgebf self-confidence [25] or
self-efficacy which will then lead to a better nwatiion to learn. [30]. Challenges
as well as skill only have a weak impact on thevflehereas both factors had a
considerable affect on the learning intensity [18].

Hypothesis 15: A clear set of goals corresponds itmproved learning.

A clear set of goals has been identified as ancadent of flow by [31] and [32]
point out that andragogical learning is always goalised and strives to enable
the learner to face challenges in everyday life.

Hypothesis 16: Faster system feedback about progesorresponds with

more intense learning.

The speed of the system feedback has a direct tropate learner’s approach to
challenges. The faster a system reacts, the ni@ly that the flow experience is
not interrupted and the learning does not loosmiensity [18].

Hypothesis 17: Increased choice between a set learg path and free activity
improves learning results.

A lack of autonomy in selecting the learning pahds to frustration and has a
negative impact on the flow experience [33].

Hypothesis 18: The sequence of the multimedia mixet, video versus video,

text) affects learning.
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2 Invitation Delphi Study

A Learner, is a Learner, is a User, is a Customer -
So what exactly do you mean by Quality of Experienc  e? Dc U

Invitation / Panel Profile

Dublin, 19 March 2009
Dear Sir / Madam,
The research project PAMAH investigates different aspects of adaptive hypermedia e-
learning systems and in particular the Quality of Experience of the learner. Initially we
investigate aspects that have an impact on the Quality of Experience in e-learning. |

would be grateful for your participation in the Delphi study.

The study will include experts who are immediately concerned with the topic and can
bring different perspectives to the study. The Delphi study collects feedback from
selected experts and has three (on line) rounds between March and June 2009 .

The first round collects initial feedback to a number of hypotheses and some general
information from the participants (see below).

The second round gives back hypotheses to the participants where no consensus among
the expert panel was found, and additional comments given by the participants. It asks
again for your feedback. In this round you will also receive information, which hypotheses
got a consistent evaluation from the majority of the experts.

The third round will be necessary in case there are still very diverse opinions on any of
the hypotheses.

The first round of the study consists of 3 parts.

Part | asks for details of the participants; mainly area of expertise and contact details. We
will not publish any individual results and only the researcher conducting the study
(Sabine Moebs) will have access to those details. We require the information to conduct
the different rounds of the study,

Part 1l is the actual Delphi study. In the first round an online questionnaire requires
evaluation of a number of statements derived from recent research. The evaluation of all
participants of the Delphi panel is summarized and given back to the panel for a second
evaluation. In case that after the second round there are still questions with very different
evaluations across the panel, these statements are given back to the panel again.

Part 1l provides some information on your own experience with learning technologies

and asks for your feedback regarding their role in future learning systems.



The study combines expertise  from these groups:

- Researchers from the areas of e-learning, adaptive systems and multimedia
engineering or related areas.
- Trainers and providers of e-learning

Requirements for participation

- Research activities and publications in the area of e-learning, adaptive systems
and multimedia engineering or related areas.

- Trainer or provider in/of e-learning programs

- Internet access

Participation

- Fill out the 3 online questionnaires, available between the middle of March and
the end of June 2009 (estimated time is 3x30 min.) using the link to the study
provided in the email.

Please do not hesitate to contact me if you have any questions concerning the study.

Best regards from Dublin

Sabine Mé&bs
Dublin City University, Performance Engineering Lab, Glasnevin, Dublin
sabine@eeng.dcu.ie | skype:sam4223 | +353 1 700-7644
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Appendix B - User Test Documents

1 Felder Learning Styles Questionnaire

NC STATE UNIVERSITY
Index of Learning Styles Questionnaire

Barbara A. Soloman Richard M. Felder
First-Year College Department of Chemical Engiitep
North Carolina State University North Carolinat8teniversity

Raleigh, North Carolina 27695
Directions
Please provide us with your full name. Your namk lvg printed on the
information that is returned to you.
Full Name
For each of the 44 questions below select eitHeor'ab" to indicate your
answer. Please choose only one answer for eactiaqqudgboth "a" and "b" seem to
apply to you, choose the one that applies morauémetly. When you are finished
selecting answers to each question please setesutimit button at the end of the form.

| understand something better after |
(a) try it out.
(b) think it through.

| would rather be considered
(a) realistic.
(b) innovative.

When | think about what | did yesterday, | am mi&ly to get
(a) a picture.
(b) words.

| tend to

(a) understand details of a subject but may be fuzewits overall
structure.

(b) understand the overall structure but may be fubputdetails.

When | am learning something 5. new, it helps me to
(a) talk about it.

(b) think about it.

If | were a teacher, | would rather teach a course

(a) that deals with facts and real life situations.

(b) that deals with ideas and theories.

| prefer to get new information in
(a) pictures, diagrams, graphs, or maps.
(b) written directions or verbal information.

Once | understand
(a) all the parts, | understand the whole thing.
(b) the whole thing, | see how the parts fit.



In a study group working on difficult material, inamore likely to
(a) jump in and contribute ideas.
(b) sit back and listen.

| find it easier
(a) to learn facts.
(b) to learn concepts.

In a book with lots of pictures and charts, | akely to
(a) look over the pictures and charts carefully.
(b) focus on the written text.

When | solve math problems

(a) I usually work my way to the solutions one step &tne.

(b) I often just see the solutions but then have tggfie to figure out
the steps to get to them.

In classes | have taken
(a) I have usually gotten to know many of the students.
(b) I have rarely gotten to know many of the students.

In reading nonfiction, | prefer

(a) something that teaches me new facts or tells metbae
something.

(b) something that gives me new ideas to think about.

| like teachers
(a) who put a lot of diagrams on the board.
(b) who spend a lot of time explaining.

When I'm analyzing a story or a novel

(a) I think of the incidents and try to put them togatto figure out
the themes.

(b) I just know what the themes are when I finish regdind then |
have to go back and find the incidents that dematesthem.

When | start a homework problem, | am more likely t
(a) start working on the solution immediately.
(b) try to fully understand the problem first.

| prefer the idea of
(a) certainty.
(b) theory.

| remember best
(a) what | see.
(b) what I hear.

It is more important to me that an instructor
(a) lay out the material in clear sequential steps.
(b) give me an overall picture and relate the matéviaither subjects.



| prefer to study
(a) in a study group.
(b) alone.

I am more likely to be considered
(a) careful about the details of my work.
(b) creative about how to do my work.

When | get directions to a new place, | prefer
(a) a map.
(b) written instructions.

I learn

(a) at a fairly regular pace. If | study hard, I'll tge"

(b) in fits and starts. I'll be totally confused andrtsuddenly it all
"clicks."

| would rather first
(a) try things out.
(b) think about how I'm going to do it.

When | am reading for enjoyment, | like writers to
(a) clearly say what they mean.
(b) say things in creative, interesting ways.

When | see a diagram or sketch in class, | am tikedy to remember
(a) the picture.
(b) what the instructor said about it.

When considering a body of information, | am makely to
(a) focus on details and miss the big picture.
(b) try to understand the big picture before gettirng the details.

I more easily remember
(a) something | have done.
(b) something | have thought a lot about.

When | have to perform a task, | prefer to
(a) master one way of doing it.
(b) come up with new ways of doing it.

When someone is showing me data, | prefer
(a) charts or graphs.
(b) text summarizing the results.

When writing a paper, | am more likely to

(a) work on (think about or write) the beginning of {h&per and
progress forward.

(b) work on (think about or write) different parts bktpaper and
then order them.



When | have to work on a group project, | first wim

(a) have "group brainstorming" where everyone contebltleas.
(b) brainstorm individually and then come together gsoap to
compare ideas.

| consider it higher praise to call someone
(a) sensible.
(b) imaginative.

When | meet people at a party, | am more likelyetmember
(a) what they looked like.
(b) what they said about themselves.

When | am learning a new subject, | prefer to
(a) stay focused on that subject, learning as muchtabas | can.
(b) try to make connections between that subject adatedksubjects.

I am more likely to be considered
(a) outgoing.
(b) reserved.

| prefer courses that emphasize
(a) concrete material (facts, data).
(b) abstract material (concepts, theories).

For entertainment, | would rather
(a) watch television.
(b) read a book.

Some teachers start their lectures with an oudfnghat they will cover.
Such outlines are

(a) somewhat helpful to me.

(b) very helpful to me.

The idea of doing homework in groups, with one griat the entire group,
(a) appeals to me.
(b) does not appeal to me.

When | am doing long calculations,

(a) I tend to repeat all my steps and check my workfcdly.

(b) I find checking my work tiresome and have to fomzgself to do
it.

| tend to picture places | have been
(a) easily and fairly accurately.
(b) with difficulty and without much detail.

When solving problems in a group, | would be mdkely to

(a) think of the steps in the solution process.

(b) think of possible consequences or applicationb@fkblution in a
wide range of areas.



2 Participant Profile

, Minimum
Letter of Consent / Panel Profile
Attendance
Dear participants, 2 Units

| am inviting you to participate in a research pabjto study user experience in
multimedia e-learning. To make this as benefi@afdu as possible this English
course has been developed in cooperation with DCWBLdhg with this letter is a
short questionnaire that asks a small number oftogpres about demographics and
your technical background.

Please fill it in and give it back to me before touning with the first session.

The results of this project are part of my PhD aese. Through your participation
| hope to understand the impact of the technicalrenment on multimedia e-
learning. | hope that the results of the survey beluseful for research into
accessibility of learning environments and | hapstare my results by
publishing them in a dedicated scientific jourridie pilot study will also be used
to develop a course for future (research) studemdsit is planned to make it
available on the web.

| do not know of any risks to you if you decidep@rticipate in this survey and |
guarantee that your responses will not be idedtifveh you personally.

| promise not to share any information that ideesgifyou with anyone outside my
research group which consists of me and my supmrizis Jennifer McManis. |
will be the only one handling user-related data.

There are no risks to you or to your privacy if yaecide to join my study by
filling out this survey. But if you choose notparticipate that is fine. Even if
you decide not to participate | would be very hafipghare my results with you if
you are interested. To get a copy of my resultekiney micro-blog at
twitter.com/sabine_dcu .

If you agree with the above, please fill in anchsige questionnaire.

Best regards
Sabine Moebs



3 LUCIie Questionnaire

Please fill in the answers to the questions anal Isjow.
First name Last name

Age (please circle one of the options)

20-25 26-30

31-35 36-40

41-45 46-50 >50
Nationality

Sex(please circle one of the options)

m f

Level of Education(please circle your highest educational level)

BSc or BA/ MA/ MSc / PhD
Other:

Study area(please circle all matching options)

Business Science
Technology Languages
Education Other:

Language study(How long have you been studying English?)
year(s) month(s)
Please include all English classes in school, ateusity or elsewhere.

Language qualification (TOEFL, translator exams, IELTS, etc)

Time spent in English speaking countrie$l month and more at a time)

year(s) month(s)
Please provide the time in total spent in Englisbaking countries (where
English is the 1st language spoken).

e-learning experiencgplease circle one of the options)

once twice several times



Select programs you can use easi(please circle all the options matching your

skills)

Word

Freemind

Wiki

Chat

Eclipse

Date

Excel Access
email program Skype
Blog online forms
Elluminate Photoshop
Captivate Twitter
Signature

Name (BLOCK LETTERS)
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Where and When

Enginearing & Research Bu
Dublin Gity University

| hour sessions: Monday & Wednesday afternoon
R
2 hour sessions: Saturday morning

Dptional: Additional sessions depending on demand

Dates (TBC):

Unit | Man 31/05/10 - Wed 09/06/10
Unit 2 Man 21/06/10 - Wed 30/06/10
Unit 3 Mon 12/07/10 - Wed 21/07/10

Unit 4 Wed D4/08/10 - Wed 11/08/10
Uinit 5§ Man 23/08/10 - Wed 1/08/10

Sign up for Unit { until or before Friday 28 May

Sign up for all other units until the week before it starts.

Places are limited. First come, first served ;)

Maore Details

Pilot Course is free.
Participants are asked to sign up for 2-3 units
Fach unit: two -hour sessions / week for 2 weeks

If you cannot make it to the pilot (June-August 2010):
Caurse will be available an-line from the end of the year (2010}

Check twitter.com/sabine_deu for details

Cost:

* free during pilot study™®

{0€ donation for each unit (4 * [ fir)
for one of our supported charities

(after end of pilut study August 2010 anly)

Next Steps

. Bet in touch (sabinz@eeng.dcu.ie) and sign up
. Bet your accaunt details

. Attend the sessions

. {mprove your English

. Enter the unit raffles

. Attend 3 or more units to enter the LUCie raffle
at the end of the pilot study.

Contact
Sabine Moebs, PELEDCU

—u m C School of Electronic Engineering

Perfarmance Engineering Lab
RINCE
Dul

City University

F-mail sabine@eeng.deuie
Twitter: twitter.com/sabine_deu



5 Sample Lesson Outline

AcadWriting: Sat Lesson | http://10.10.105.120/moodle/mod/resource/view.php?id=82

LUCie - Academic Writing
B > IJump to... »>

LUCie » AcadWriting » Resources » Sat Lesson 1 Update this Resource

LUCie Saturday Sessions - Unit 1

Today's lesson will get you started and take you on a little tour around the LUCie system.
You will get to know one of the tools and do a number of initial assessments.

TIP 1: On the top of the page you can see this path: LUCie » AcadWriting » Resources
» Saturday Lesson 1
Clicking on AcadWriting brings you back to the main course page.

TIP 2:If you open any link with a right-click, you can open that page in a new tab or a new
window. This means you can for example always keep this lesson outline open and check
easily what to do next or read the HowTo again. @

Please work through the following tasks (see short explanation for each below). Please
make sure you submit both assessments and the LUCie feedback as your final task.
Other than that you can work through the tasks in your preferred order.

1. English Assessment

2. Mind-mapping with Freemind
3. Academic Writing Assessment
4. LUCie Feedback

| provide a rough time estimate for each task just for your orientation - feel free to vary.
Task 1: English Assessment (20 minutes)

The first assessment is based on the placement tests typically used by DCULS. You will get
a similar test during your final LUCie session.

You will have one attempt only. The first questions should be a breeze, with the difficulty
level continuously increasing slightly.

Go to the main Academic Writing page (AcadWriting link), look up the Assessment section
and right-click on 'English Assessment (1)'.

Task 2: Mind-mapping with Freemind (20 minutes)

Create a mindmap summarizing the main ideas presented in Resource 1.2 and save it to the
desktop.

When you save the mindmap include your name in the file name.

Finally also save the mindmap as an image - again to the desktop and then upload the
image in the assignment section.

First go to Resource 1.2.

A window with a link to Resource 1.2 will open. Click on the link and watch the video.
Next use FreeMind to create the mindmap. To open the FreeMind program click on the
butterfly icon on your desktop or in the program list.

Also see the little Freemind HowTo below.

Do you know what mind mapping is? If you haven't heard about mind mapping before,

L of2 26/11/2010 11:58
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AcadWriting: Sat Lesson 1 http://10.10.105.120/moodle/mod/resource/view.php?id=82

wikipedia provides a good introduction. At the FreeMind website you can also look at a few
examples.

We will use the mind mapping tool throughout the course and it can be a very helpful tool
for the start of writing a paper or a thesis.

Quick HowTo for Freemind: @

» To start FreeMind just click on the butterfly icon in the program list or on the desktop.
Wait for the program to start. If you get an error message - click on "Ok" and continue.

« To open a new file go to the file menu and select "New".

* Now you will see a greyed out oval in the middle of the window. Click into the oval and
write your topic in the middle.

« To add more branches, stay in one of the branches (they need to have a grey
background) and then hit the "insert" key on your keyboard.

Explore the program:
» What can you do when you right click on a grey branch with the mouse?
* Try out what you can do with the different icons on the left.
« Don't forget to save your mindmap to the desktop.
Here is how to save your mindmap as an image:
* Go to the file menu

« select 'Export' and then 'As JPEG..'
» Save the jpeg with the same name as your mindmap.

Task 3: Academic Writing Assessment (15 minutes)

Please do the Academic Writing Assessment (1). Don't forget to "Save without submitting"
during the test and to finally "Submit and Finish".

Go to the main Academic Writing page (AcadWriting link), look up the Assignment section
and right-click on 'Academic Writing Assessment (1)".

Task 4: LUCie Feedback (10 minutes)

There - almost done. Just one last thing to do: Feedback for this first session. You will need
a password; it is "LUCie1".

Right-click on survey to open it in a new tab or window and submit your feedback for LUCie
Unit 1.

When you are done with everything, don't forget to log out...

Last modified: Wednesday, 14 July 2010, 11:24 AM

(@ Moodle Docs for this page

You are logged in as Sabine Moebs (Logout)

AcadWriting |

20f2 26/11/2010 11:58
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6 Unit Survey Probing

Thank you for your cooperation!

[ |

select the rating for each statement.

Fully Agree
The mix of different activities during this
unit supports my learning.
Using the LUCie website for the first time
is easy.
The lessons are challenging, but
suitable for my knowledge level.
The quality of the podcast in this unit
was good.

OO OO0

* 1. Please enter your first and last name:

pd
=
[=3
@

OO0

N:

g

O
O
O
O

it sure

As you know the course is free, because it is part of my PhD research. Therefore | need your feedback at the end of
each unit.

This part of the course is essential for my work. Please give me your honest feedback (rain or shine;)).

* 2. The following are all statements regarding the sessions during Unit 2, Please

Slightly disagree

¢ 918 @

Disagree

OfCE Of 2

rate unit 2.
* 1.
Very good
My overall experience with this unit was O
*2 ki
Fully
The unit met my expectations O
* 3,
Each session
Did you often loose track of time and were O
surprised that the session was over
already?

Good

Mostly

Often

O

Looking back at what you have learned so far, the tools you were introduced to and the tasks you had to do, please

A bit of both

O

More or less

O

Sometimes

O

Bad

O

Not at all

O

Never

O

Thank you for attending the sessions of Unit 2.
Please indicate below if you are planning to attend Unit 3, 4 or 5.

1. Any comments?
Three things you liked best?
Three suggestions for improvement?

-
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7 Post Survey

Final Assessment LUCie, Part Il Fall 2010 Nam

| stronglyagree | stronglydisagree
1. Overall, | enjoyed LUCie.
O O O
2. The web site speed is fast.
O O O
3. There is little waiting time for the web pageddad.
O O O O
4. The course is interesting.
O O O O
5. The design of the course is attractive.
[l O O O
6. | had no problem finding what | wanted.
[l O O O
7. Navigation of the course was simple and easy.
O [l O O
8. The course provided some information that is teeme.
O O O O
9. | consider myself to be a knowledgeable acadenriter.
O O O O
10. I know a lot about academic writing.
O O O O
11. | felt that | had the freedom to go anywheréhmweb site.
O O O O
12. | felt efficient when | was using the web site.
O O O
13. The web site’s response to my actions (sudhasng a link) was fast.
O O O O
14. While | was browsing the course pages, timenseleto go by very quickly.
O O O O
15. While browsing this course, | was not awarengfimmediate surroundings.
O O O O
16. | felt that | was in the world created by tloeise web site.
O O O O
17. After visiting the course, | feel that | haeained more about academic
writing.
O O O Il
18. I have gained more knowledge about academimgrattending the course.
O O O O
19. After attending the course, | want to find owdre about academic writing.
O O O O
20. 1 would like to return to the course web sdeihformation on academic
writing.
O O O O
21. After visiting the course site, | am confidémt | can write academic texts.
O O O O

22. In the first session you were asked to outjimgr expectations. Please read
the copy of your submission. [Enter text from forton participant]

Looking back, did the course meet your expectations
O O O O

13



8 Pre-test Academic Writing

AcadWriting: Academic Writing Assessment (1) http://10.10.105.120/moodle/mod/quiz/attempt.php?q=9
LUC|e " Academic Writlng You are logged in as Sabine Moebs (Logout)
LUCie » AcadWriting » Quizzes » Academic Writing Assessment (1) P Attempt 1
Update this Quiz

Info Results Preview Edit

Preview Academic Writing Assessment (1)
Start again
1 %  The English language is full of problems like the one presented by there, their
o and they're. Most native English speakers pronounce these words the same way;
_pn therefore, it is difficult for some to judge in which situation to use which spelling.
Each spelling means a very different thing.

There, their or they're? Choose the right option!

Where are Mark and Sally? over there. Choose...
IBM have increased profits by 20%. Choose...
Submit

2 % Inthe context of academic writing IMRD stands for:

Marks: -
_/a1r = Intelligent

M Method for

R Research &

D Development

Answer: " True
False

Submit

3 &  The English language is full of problems like the one presented by there, their

i and they're. Most native English speakers pronounce these words the same way;

_;1 therefore, it is difficult for some to judge in which situation to use which spelling.
Each spelling means a very different thing.

There, their or they're? Choose the right option!

| wonder if going to come. Choose...

From the look on faces, they're not very happy.  Choose...

1of5 26/11/2010 11:56
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AcadWriting: Academic Writing Assessment (1)

20f5

Submit

Read the following excerpt from a journal article and indicate which section
of the article it comes from.

At the Bombala site, gliders displayed a marked seasonal variation in the use of
their food resources. Sap, arthropods, honeydew and manna were predominantly
exploited by gliders during some months but were virtually absent from the diet
during others (see Fig. 2). For example, E. viminalis sap was the main
constituent in the diet during January 1984 but was not used again until April
1985. This pattern of seasonality is in agreement with that of other researchers in
south-eastern Australia and appears to be largely determined by the abundance
and seasonal availability of food resources. It appears, based on the limited data
of food item abundance, that all items tend to vary seasonally in their availability,
but although they may be quite productive, they are often patchily dispersed.

Choose one a. Discussion

ple b. Introduction
c. Conclusion or General Discussion
d. Results
e. Method
f. Abstract
Submit

http://10.10.105.120/mood] e/mod/quiz/attempt.php?q=9

4«

Marks:
=1

5 &« The English language is full of problems like the one presented by there, their

Marks:

and they're. Most native English speakers pronounce these words the same way;

iy therefore, it is difficult for some to judge in which situation to use which spelling.

Each spelling means a very different thing.

There, their or they're? Choose the right option!

They've forgotten bags. Choose...

is no soap in my bathroom. Could you send Choose...
some up please?

Submit

6 & Read the following excerpt from a journal article and indicate which section

Marks: Of the article it comes from.

=1

The classroom research phase of the project consisted of three main teaching
stages: one stage for each genre presented. The first teaching stage focussed
on the model analytical expository essay 'The causes and effects of women's

15
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AcadWriting: Academic Writing Assessment (1)

3of5

liberation' (see Appendix). This text was analysed in class for generic staging and

cohesion. After completion of the text analysis, students and the T«
teacher/researcher negotiated a writing checklist based on the analysis. This was Marks:
followed by a 'cause and effect' group writing task. For the individual writing task =

which was generally completed out of class, students were asked to attach the
checklists to the front of their essays and for each specified criteria on the
checklist to write in their comments. Teacher/researcher comments on the
student work were written in a separate column.

Excerpt from Woodward-Kron, R. (1994) The role of writing checklists in the teaching-learning

cycle: Developing English for further study students as writers and text analyists. M.A. (TESOL)
thesis. University of Technology, Sydney.

Choose one a. introduction

T b. method
c. results
d. conclusion or general discussion
e. discussion
f. abstract
Submit

The English language is full of problems like the one presented by there, their
and they're. Most native English speakers pronounce these words the same way;
therefore, it is difficult for some to judge in which situation to use which spelling.
Each spelling means a very different thing.

There, their or they're? Choose the right option!

From the look on faces, they're not very happy. Choose...
| know considering buying a new computer Choose...
system.
Submit

8 &t Read the following excerpt from a journal article and indicate which section

Marks: ©f the article it comes from.

-
The results for high element interactivity question scores indicated a possible
difference favouring the isolated-interacting elements instruction group, F(1,16) =
3.18, MSe = 26.42, p = 0.09. The test phases main effect indicated a significant
difference, F(1,16) = 31.03, MSe = 1.81, demonstrating an improvement over
time. A significant interaction was displayed between the factors, F(1,16) = 11.17,
MSe = 1.81. Tests of simple effects were used to explore the interaction. No
difference was found between the instructional conditions at phase 1, t(16) =
0.936. At phase 2, a significant difference was indicated between the groups, t
(16) = 2.43, with the isolated-interacting elements group performing at a superior
level.

26/11/2010 11:56
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AcadWriting: Academic Writing Assessment (1) http://10.10.105.120/moodle/mod/quiz/attempt.php?q=9

4 of 5

From: Pollock, E., Chandler, P. & Sweller, J. (in press) Assimilating complex information. Learning 94

and Instruction. Marks:
-/

Choose one a. Introduction

answer. b. Method
c. Abstract
d. Discussion
e. Conclusion or general discussion
f. Results
. Submit

The following sentence has been spell-checked. Although all the words are
spelled correctly as far as the spell-check program is concerned, 3 usage or
spelling errors remain. Type the correct sentence.

Their is considerable doubt weather this solution will be affective.

Answer:

Submit

10 £ In English you may reduce the restrictive relative (e.g. that) if

Marks: 1

i . The relative clause consists only of the relative pronoun, the verb fo be, and

one or more prepositional phrases.

2. The relative clause consists of a passive verb plus some additional

3. The relative clause contains the relative pronouns, an adjective ending in
-ble, and additional information.

Example: Pollution is a form of contamination often results from human activity.

Is the example correct?

Answer: True
False

Submit |

11 & The following figure shows the general structure of an academic text. Provide the
labeling for the figure.

Marks: | abel the figure from top to bottom and then the label replacing the gquestion

26/11/2010 11:56
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AcadWriting: Academic Writing Assessment (1) http://10.10.105.120/moodle/mod/quiz/attempt.php?q=9

= mark. In your answer separate each term with a comma and a space; e.g.:
image, mouse, road, distribution, question mark.

IMRDfigure

Answer:

Submit

12 & The following sentence has been spell-checked. Although all the words are
— spelled correctly as far as the spell-check program is concerned, 2 usage or
_nn spelling errors remain. Type the correct sentence.

The initial reaction too the report has not been complementary.

Answer:

Submit

Save without submitting Submitpage  Submit all and finish

(1) Moodle Docs for this page

You are logged in as Sabine Moebs (Logout)

AcadWriting |
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9 Post-test Academic Writing

Final Assessment LUCie Fall 2010 Name:

A) Please review the following text. Make sure yoaheck for grammatical errors,
punctuation and paragraph structure. Make all the ®rrections necessary.

Their are two key strands of program comprehensasearch. The first is empirical research
which strives for a understanding of the cognitipeocesses that programmers use when
understanding programs. The 2nd involves technoteggarch with a focus on developing semi-
automated tool support to improve program compreioen This paper provides a meta-analysis
of how these two strands of research are relategbirical research in program comprehension has
culminated in a wide variety of theories that pd®virich explanations of how programmers
understand programs and can provide advice on ogrgam comprehension tools and methods
may be improved. In response to these theories, iandome cases in parallel to theory
development, many powerful tools and innovativetvgafe processes have evolved to improve
comprehension activities. The field of program coemgnsion research has been rich and varied,

with various shifts in paradigms and research caftuluring the last few decades.

19



B) Read the following excerpt from a journal article and indicate which
section of the article it comes from.

1) Section:

The Delphi study involved 25 international expénta three-round online-study. Participants
showed their level of agreement with a list of y/pdtheses [4] and ranked them according to
importance. The hypotheses concerned the impabeaise of multimedia on learning and flow
experience [5] and the impact of QoS on learnird)flow experience. In this paper, we consider

how the experts view the impact of multimedia ara5@n learning.

2) Section:

Our research combines for the first time considenatof social connectedness, and adaptivity in
adaptive e-learning systems. The propasathect'module enables continuous social interaction,
supporting users of adaptive e-learning systems.ifiitial research considers the module as
outlined above.

Future works will include interfaces with some loé tadaptive hypermedia systems such as AHA!
and further development of adaptivity featureson-adaptive systems such as OLAT make the
module suitable for those also. The benefit foteays with communication features is the option
to use tools familiar to the learner and an impdbaecessibility of peers that are not logged into
the system. The module will be tested with secondeahnool students of the senior cycle in a
blended learning scenario over the school year /2008. The test considers learning styles as a
selection criteria for learner grouping and usestnnect'module to support stronger learner
interaction and to provide feedback from the teachiee module will be evaluated by assessing
the impact on the learning results compared toesttgdusing non-adaptive system support. The
connectlmodule is part of a research project that aintdelvering an adaptable system focusing
on the quality of experience (QoE) of the leariid¢re improved communication options will make

a contribution towards QoE.

20



C) To be as effective as possible, a paragraph shdwontain each of the

following: unity, coherence, a topic sentence, analequate development.

Describe each term in one or two short sentences.

Unity

Coherence

Topic sentence

Adequate development

D) What part of an academic text could contain thdollowing?

Choose from: Introduction, Background, Method, Reslts, Discussion, and

Conclusion.

Part of Academic
Text

Ideally, this part should be evaluative and crltafahe

studies which have a particular bearing on your own

Contrary to expectations, this study did not finsignificant

difference between

* indicate a problem, controversy or a gap in thiel fie
of study
» define the topic or key terms

What is now needed is a cross-national study inmglv

» considering both sides of an issue, or question
» considering the results of research and the
implications of these.

The design of the questionnaires was based on .

Previous research findings into X have been incest and
contradictory (Smith, 1996; Jones 1999,...)

e summarise and bring together the main areas cov
in the writing, which might be called "looking back

ered

» give a final comment or judgement on this

21



Appendix C - User Test Statistics

1 Course Probing

1.1 Enjoyment

1.1.1 Kruskal-Wallis Test

Test Statistics

a,b

Rating
Chi-Square 6.127
Df 2
Asymp. Sig. .047
Exact Sig. .056
Point Probability .009]

a. Kruskal Wallis Test

b. Grouping Variable:

Adaptation Type

1.1.2 Median Test

Frequencies

Adaptation Type

QoS MM
No Adaptation | QoS Adaptation Adaptation
Rating > Median 4 1 8
<= Median 16 19 12




Test Statistics °

Rating
N 60
Median 3.00
Chi-Square 7.267°
df 2
Asymp. Sig. .026
Exact Sig. .030
Point Probability .014

a. 3 cells (50.0%) have
expected frequencies less than
5. The minimum expected cell

frequency is 4.3.

b. Grouping Variable:
Adaptation Type

1.1.3 Jonckheere-Terpstra Test

Jonckheere-Terpstra Test 2

Rating

Number of Levels in 3
Adaptation Type

N 60
Observed J-T Statistic 745.500
Mean J-T Statistic 600.000
Std. Deviation of J-T Statistic 65.790
Std. J-T Statistic 2.212
Asymp. Sig. (2-tailed) .027
Exact Sig. (2-tailed) .023
Exact Sig. (1-tailed) .011
Point Probability .000}]

a. Grouping Variable: Adaptation Type



1.1.4 Mann-Whitney Test
1.1.4.1 No Adaptation — QoS Adaptation

Test Statistics

Rating
Mann-Whitney U 195.500
Wilcoxon W 405.500
z -.139
Asymp. Sig. (2-tailed) .889
Exact Sig. [2*(1-tailed Sig.)] .904%
Exact Sig. (2-tailed) .833
Exact Sig. (1-tailed) 416
Point Probability .016

a. Not corrected for ties.

b. Grouping Variable: Adaptation Type

1.1.4.2 No Adaptation — QoS MM Adaptation

Test Statistics °

Rating
Mann-Whitney U 134.000
Wilcoxon W 344.000
4 -1.931
Asymp. Sig. (2-tailed) .054
Exact Sig. [2*(1-tailed Sig.)] .076%
Exact Sig. (2-tailed) .075
Exact Sig. (1-tailed) .038
Point Probability .012

a. Not corrected for ties.

b. Grouping Variable: Adaptation Type



1.2 Experience

1.2.1 Kruskal-Wallis Test

Test Statistics

a,b

Rating

Chi-Square
df
Asymp. Sig.

Exact Sig.

Point Probability

8.186
2
.017
.015

.000

a. Kruskal Wallis Test

b. Grouping Variable:
Adaptation Type

1.2.2 Median Test

Frequencies

Adaptation Type

QoS MM
No Adaptation | QoS Adaptation Adaptation
Rating > Median 3 2 5
<= Median 17 18 15
Test Statistics °
Rating
N 60
Median 3.00
Chi-Square 1.680°
df 2
Asymp. Sig. 432
Exact Sig. 572
Point Probability .267

a. 3 cells (50.0%) have

expected frequencies less than

5. The minimum expected cell

frequency is 3.3.




Test Statistics °

Rating
N 60
Median 3.00
Chi-Square 1.680°%
df 2
Asymp. Sig. 432
Exact Sig. 572
Point Probability .267

a. 3 cells (50.0%) have
expected frequencies less than
5. The minimum expected cell

frequency is 3.3.

b. Grouping Variable:
Adaptation Type

1.2.3 Jonckheere-Terpstra Test

Jonckheere-Terpstra Test

a

Rating

Number of Levels in 3
Adaptation Type

N 60
Observed J-T Statistic 647.500
Mean J-T Statistic 600.000
Std. Deviation of J-T Statistic 67.818
Std. J-T Statistic .700}
Asymp. Sig. (2-tailed) 484
Exact Sig. (2-tailed) .488
Exact Sig. (1-tailed) .244
Point Probability .002

a. Grouping Variable: Adaptation Type



1.2.4 Mann-Whitney Test

1.2.4.1 No Adaptation — QoS Adaptation

Test Statistics

b

Rating

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed Sig.)]
Exact Sig. (2-tailed)

Exact Sig. (1-tailed)

Point Probability

128.000
338.000
-2.107
.035
.052%
.038
.019|
.004

a. Not corrected for ties.

b. Grouping Variable: Adaptation Type

1.2.5 No Adaptation — QoS MM Adaptation

Test Statistics

b

Rating

Mann-Whitney U

Wilcoxon W

4

Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed Sig.)]
Exact Sig. (2-tailed)

Exact Sig. (1-tailed)

Point Probability

170.500
380.500
-.909
363
429°
446
223

.023

a. Not corrected for ties.

b. Grouping Variable: Adaptation Type



1.3 Expectations

1.3.1 Kruskal-Wallis Test

Test Statistics

a,b

Rating

Chi-Square
df
Asymp. Sig.

Exact Sig.

Point Probability

10.487
2

.005
.004

.000

a. Kruskal Wallis Test

b. Grouping Variable:
Adaptation Type

1.3.2 Median Test

Frequencies

Adaptation Type

QoS MM
No Adaptation | QoS Adaptation Adaptation

Rating > Median 0 4 6

<= Median 20 16 14

Test Statistics °
Rating

N 60
Median 3.00
Chi-Square 6.720°
df 2
Asymp. Sig. .035
Exact Sig. .050
Point Probability .015

a. 3 cells (50.0%) have

expected frequencies less than

5. The minimum expected cell

frequency is 3.3.




Test Statistics °

Rating
N 60
Median 3.00
Chi-Square 6.720°
df 2
Asymp. Sig. .035
Exact Sig. .050
Point Probability .015

a. 3 cells (50.0%) have
expected frequencies less than
5. The minimum expected cell

frequency is 3.3.

b. Grouping Variable:
Adaptation Type

1.3.3 Jonckheere-Terpstra Test

Jonckheere-Terpstra Test 2

Rating

Number of Levels in 3
Adaptation Type

N 60
Observed J-T Statistic 804.000
Mean J-T Statistic 600.000
Std. Deviation of J-T Statistic 68.731
Std. J-T Statistic 2.968
Asymp. Sig. (2-tailed) .003
Exact Sig. (2-tailed) .003
Exact Sig. (1-tailed) .001
Point Probability -000]

a. Grouping Variable: Adaptation Type



1.3.4 Mann-Whitney Test
1.3.4.1 No Adaptation — QoS Adaptation

Test Statistics

Rating
Mann-Whitney U 185.000
Wilcoxon W 395.000
z -432
Asymp. Sig. (2-tailed) .666
Exact Sig. [2*(1-tailed Sig.)] .698%
Exact Sig. (2-tailed) 714
Exact Sig. (1-tailed) .357
Point Probability -040]

a. Not corrected for ties.

b. Grouping Variable: Adaptation Type
1.3.4.1.1 No Adaptation — QoS MM Adaptation

Test Statistics °

Rating
Mann-Whitney U 88.000
Wilcoxon W 298.000
Z -3.356)
Asymp. Sig. (2-tailed) .001
Exact Sig. [2*(1-tailed Sig.)] .002%
Exact Sig. (2-tailed) .001
Exact Sig. (1-tailed) .000
Point Probability .000

a. Not corrected for ties.

b. Grouping Variable: Adaptation Type



1.4 Time Distortion

1.4.1 Kruskal-Wallis Test

Test Statistics

a,b

Rating

Chi-Square
df
Asymp. Sig.

Exact Sig.

Point Probability

11.719)
2

.003
.002
.000

a. Kruskal Wallis Test

b. Grouping Variable:
Adaptation Type

1.4.2 Median Test

Frequencies

Adaptation Type

QoS MM
No Adaptation | QoS Adaptation Adaptation

Rating > Median 0 4 6

<= Median 20 16 14

Test Statistics °
Rating

N 60
Median 3.00
Chi-Square 6.720°
df 2
Asymp. Sig. .035
Exact Sig. .050
Point Probability .015

a. 3 cells (50.0%) have

expected frequencies less than

5. The minimum expected cell

frequency is 3.3.
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Test Statistics °

Rating
N 60
Median 3.00
Chi-Square 6.720°
df 2
Asymp. Sig. .035
Exact Sig. .050
Point Probability .015

a. 3 cells (50.0%) have
expected frequencies less than
5. The minimum expected cell

frequency is 3.3.

b. Grouping Variable:
Adaptation Type

1.4.3 Jonckheere-Terpstra Test

Jonckheere-Terpstra Test 2

Rating

Number of Levels in 3
Adaptation Type

N 60
Observed J-T Statistic 769.500
Mean J-T Statistic 600.000
Std. Deviation of J-T Statistic 68.752
Std. J-T Statistic 2.465
Asymp. Sig. (2-tailed) .014
Exact Sig. (2-tailed) .013
Exact Sig. (1-tailed) .007
Point Probability -000]

a. Grouping Variable: Adaptation Type

11



1.4.4 Mann-Whitney Test
1.4.4.1 No Adaptation — QoS Adaptation

Test Statistics °

Rating
Mann-Whitney U 168.500
Wilcoxon W 378.500
Z -.925
Asymp. Sig. (2-tailed) .355
Exact Sig. [2*(1-tailed Sig.)] .398%
Exact Sig. (2-tailed) .340
Exact Sig. (1-tailed) .170
Point Probability .000

a. Not corrected for ties.

b. Grouping Variable: Adaptation Type

1.4.4.2 No Adaptation — QoS MM Adaptation

Test Statistics °

Rating
Mann-Whitney U 97.000
Wilcoxon W 307.000
Z -3.142
Asymp. Sig. (2-tailed) .002
Exact Sig. [2*(1-tailed Sig.)] .005%
Exact Sig. (2-tailed) .002
Exact Sig. (1-tailed) .001
Point Probability .001

a. Not corrected for ties.

b. Grouping Variable: Adaptation Type
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1.5 Skill-Challenges Ratio

1.5.1 Kruskal-Wallis Test

Test Statistics *°
Rating
Chi-Square 291
df 2
Asymp. Sig. .865
Exact Sig. .873
Point Probability .001

a. Kruskal Wallis Test

b. Grouping Variable:
Adaptation

1.5.2 Median Test

Frequencies

Adaptation
QoS MM
No Adaptation | QoS Adaptation Adaptation

Rating > Median 3 6 6

<= Median 17 14 14

Test Statistics °
Rating

N 60
Median 4.00
Chi-Square 1.600%
df 2
Asymp. Sig. .449]
Exact Sig. .602
Point Probability 199]

a. 0 cells (.0%) have expected

frequencies less than 5. The

minimum expected cell

frequency is 5.0.
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Test Statistics °

Rating
N 60
Median 4.00
Chi-Square 1.600%
df 2
Asymp. Sig. .449]
Exact Sig. .602
Point Probability 199]

a. 0 cells (.0%) have expected
frequencies less than 5. The
minimum expected cell

frequency is 5.0.

b. Grouping Variable:
Adaptation

1.5.3 Jonckheere-Terpstra Test

Jonckheere-Terpstra Test 2

Rating

Number of Levels in 3
Adaptation

N 60
Observed J-T Statistic 632.000
Mean J-T Statistic 600.000
Std. Deviation of J-T Statistic 67.527
Std. J-T Statistic 474
Asymp. Sig. (2-tailed) .636
Exact Sig. (2-tailed) .641
Exact Sig. (1-tailed) 321
Point Probability .003

a. Grouping Variable: Adaptation
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1.5.4 Mann-Whitney Test

1.5.4.1 No Adaptation — QoS Adaptation

Test Statistics °

Rating
Mann-Whitney U 184.500
Wilcoxon W 394.500
z -.464
Asymp. Sig. (2-tailed) .643
Exact Sig. [2*(1-tailed Sig.)] .678%
Exact Sig. (2-tailed) .673
Exact Sig. (1-tailed) .336
Point Probability .033

a. Not corrected for ties.

b. Grouping Variable: Adaptation
1.5.4.2 No Adaptation — QoS MM Adaptation

Test Statistics °

Rating
Mann-Whitney U 184.000
Wilcoxon W 394.000
4 -.479
Asymp. Sig. (2-tailed) .632
Exact Sig. [2*(1-tailed Sig.)] .678%
Exact Sig. (2-tailed) .627
Exact Sig. (1-tailed) .314
Point Probability .021

a. Not corrected for ties.

b. Grouping Variable: Adaptation
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1.6 QoP

1.6.1 Kruskal-Wallis Test

Test Statistics

a,b

Rating
Chi-Square 16.177
df 2
Asymp. Sig. .000
Exact Sig. .000
Point Probability .000

a. Kruskal Wallis Test

b. Grouping Variable:
Adaptation

1.6.2 Median Test

Frequencies

Adaptation
QoS MM
No Adaptation | QoS Adaptation Adaptation

Rating > Median 4 2 8

<= Median 16 18 12

Test Statistics °
Rating

N 60
Median 4.00
Chi-Square 5.217°
df 2
Asymp. Sig. .074
Exact Sig. .099]
Point Probability .040

a. 3 cells (50.0%) have

expected frequencies less than

5. The minimum expected cell

frequency is 4.7.
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Test Statistics °

Rating
N 60
Median 4.00
Chi-Square 5.217%
df 2
Asymp. Sig. .074
Exact Sig. .099]
Point Probability .040

a. 3 cells (50.0%) have
expected frequencies less than
5. The minimum expected cell

frequency is 4.7.

b. Grouping Variable:
Adaptation

1.6.3 Jonckheere-Terpstra Test

Jonckheere-Terpstra Test

a

Rating

Number of Levels in 3
Adaptation

N 60
Observed J-T Statistic 655.000
Mean J-T Statistic 600.000
Std. Deviation of J-T Statistic 69.987
Std. J-T Statistic .786
Asymp. Sig. (2-tailed) 432
Exact Sig. (2-tailed) 437
Exact Sig. (1-tailed) .219]
Point Probability .002

a. Grouping Variable: Adaptation
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1.6.4 Mann-Whitney Test
1.6.4.1 No Adaptation — QoS Adaptation

Test Statistics °

Rating
Mann-Whitney U 89.000
Wilcoxon W 299.000
Z -3.160
Asymp. Sig. (2-tailed) .002
Exact Sig. [2*(1-tailed Sig.)] .002%
Exact Sig. (2-tailed) .002
Exact Sig. (1-tailed) .001
Point Probability .000}]

a. Not corrected for ties.

b. Grouping Variable: Adaptation

1.6.4.2 No Adaptation — QoS MM Adaptation

Test Statistics °

Rating
Mann-Whitney U 160.500
Wilcoxon W 370.500
Z -1.175
Asymp. Sig. (2-tailed) .240]
Exact Sig. [2*(1-tailed Sig.)] .289%
Exact Sig. (2-tailed) .283
Exact Sig. (1-tailed) 141
Point Probability .043

a. Not corrected for ties.

b. Grouping Variable: Adaptation
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2 Regression Analysis Post Survey

2.1 QoP- Experience

Model Summary

Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .276° .076 .005 .50050
a. Predictors: (Constant), QoP
ANOVA"
Model Sum of Squares df Mean Square F Sig.
1 Regression .269 1 .269 1.072 .319%
Residual 3.256 13 .250
Total 3.525 14
a. Predictors: (Constant), QoP
b. Dependent Variable: Experience
Coefficients *
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 1.609 .445 3.618 .003
QoP .248 .239 .276 1.035 -319]

a. Dependent Variable: Experience

2.2 QoP - Flow

Model Summary

Model

R

Adjusted R
R Square Square

Std. Error of the

Estimate

1

.338°

114

.046

.520

a. Predictors: (Constant), QoP
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ANOVAP

Model Sum of Squares df Mean Square F Sig.
1 Regression 453 1 453 1.675 .2187

Residual 3.517 13 271

Total 3.970 14
a. Predictors: (Constant), QoP
b. Dependent Variable: Flow

Coefficients *
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Beta t Sig.
1 (Constant) 1.383 462 2.992 .010

QoP .322 .249 .338 1.294 .218
a. Dependent Variable: Flow
2.3 QoP — Learning

Model Summary
Adjusted R Std. Error of the
Model R R Square Square Estimate
1 1677 .028 -.047 434
a. Predictors: (Constant), QoP
ANOVA®

Model Sum of Squares df Mean Square F Sig.
1 Regression .071 1 .071 .375 5513

Residual 2.447 13 .188

Total 2517 14

a. Predictors: (Constant), QoP
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ANOVAP

Model Sum of Squares df Mean Square F Sig.
1 Regression .071 1 .071 375 5514

Residual 2.447 13 .188

Total 2.517 14
a. Predictors: (Constant), QoP
b. Dependent Variable: Learning

Coefficients *
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Beta t Sig.
1 (Constant) 1.961 .386 5.085 .000}

QoP 127 .208 167 .613 551
a. Dependent Variable: Learning
2.4 Flow - Learning

Model Summary
Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .398% .158 .094 140372121
a. Predictors: (Constant), Flow
ANOVA"

Model Sum of Squares df Mean Square F Sig.
1 Regression .398 1 .398 2.445 1423

Residual 2.119 13 .163

Total 2.517 14

a. Predictors: (Constant), Flow
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ANOVAP

Model Sum of Squares df Mean Square F Sig.
1 Regression .398 1 .398 2.445 1423

Residual 2.119 13 .163

Total 2.517 14
a. Predictors: (Constant), Flow
b. Dependent Variable: Learning

Coefficients *
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Beta t Sig.
1 (Constant) 1.567 410 3.825 .002

Flow 317 .203 .398 1.564 142
a. Dependent Variable: Learning
2.5 Learning - Flow

Model Summary
Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .398% .158 .094 .5070219]
a. Predictors: (Constant), Learning
ANOVA"

Model Sum of Squares df Mean Square F Sig.
1 Regression .628 1 .628 2.445 1423

Residual 3.342 13 .257

Total 3.970 14

a. Predictors: (Constant), Learning
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ANOVAP

Model Sum of Squares df Mean Square F Sig.
1 Regression .628 1 .628 2.445 1423

Residual 3.342 13 .257

Total 3.970 14
a. Predictors: (Constant), Learning
b. Dependent Variable: Flow

Coefficients *
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Beta t Sig.
1 (Constant) .863 711 1.214 .246

Learning .500 .320 .398 1.564 142
a. Dependent Variable: Flow
2.6 Flow — Experience

Model Summary
Adjusted R Std. Error of the
Model R R Square Square Estimate
1 5212 272 .216 44439]
a. Predictors: (Constant), Flow
ANOVA"

Model Sum of Squares df Mean Square F Sig.
1 Regression .958 1 .958 4.850 .046%

Residual 2.567 13 197

Total 3.525 14

a. Predictors: (Constant), Flow

b. Dependent Variable: Experience
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Coefficients #

Unstandardized Coefficients

Standardized

Coefficients

Model B Std. Error Beta t Sig.
1 (Constant) 1.090 451 2.416 .031

Flow 491 .223 .521 2.202 .046
a. Dependent Variable: Experience
2.7 Learning - Experience

Model Summary
Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .675% .455 413 .38432
a. Predictors: (Constant), Learning
ANOVA®

Model Sum of Squares df Mean Square F Sig.
1 Regression 1.605 1 1.605 10.866 .006%

Residual 1.920 13 .148

Total 3.525 14

a. Predictors: (Constant), Learning

b. Dependent Variable: Experience
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Coefficients #

Unstandardized Coefficients

Standardized

Coefficients

Model B Std. Error Beta Sig.
1 (Constant) .304 .539 .564 .582

Learning .798 242 .675 3.296 .006)
a. Dependent Variable: Experience
2.8 QoP — Experience

Model Summary
Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .256% .065 -.001 491
a. Predictors: (Constant), QoP
ANOVA"

Model Sum of Squares df Mean Square Sig.
1 Regression .236 1 .236 979 .339%

Residual 3.373 14 241

Total 3.609 15
a. Predictors: (Constant), QoP
b. Dependent Variable: Experience

Coefficients *
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Beta t Sig.
1 (Constant) 1.617 436 3.708 .002

QoP 231 .234 .256 .990 -339]

25



Coefficients #

Unstandardized Coefficients

Standardized

Coefficients

Model B Std. Error Beta t Sig.
1 (Constant) 1.617 436 3.708 .002

QoP 231 .234 .256 .990 -339]
a. Dependent Variable: Experience
2.9 Usability — Experience

Model Summary
Adjusted R Std. Error of the
Model R R Square Square Estimate
1 .698° 488 448 373
a. Predictors: (Constant), Usability
ANOVA®

Model Sum of Squares df Mean Square F Sig.
1 Regression 1.719 1 1.719 12.375 .0043

Residual 1.806 13 139

Total 3.525 14
a. Predictors: (Constant), Usability
b. Dependent Variable: Experience

Coefficients °
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Beta t Sig.
1 (Constant) 919 .336 2.737 .017

Usability 447 127 .698 3.518 .004

a. Dependent Variable: Experience
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Glossary

Adaptive hypermedia
Bandwidth

Delay

Flow experience

Jitter

Adaptive hypermedia systems “tailor content presentation
and navigation support to individual users by taking into
account a model of user’s goals, interests, and preferences”
[25]

Systems are connected by communication links. Different
links can transmit data at different rates. The link
transmission rate is [..] called the bandwidth of the link, which

is typically measured in bits/second. [133]

The delay of an IP packet within an IP network. As a packet
travels from one node to the subsequent node along this
path, the packet suffers from delays at each node. The most
important of these are the nodal processing delay, queuing
delay, transmission delay and propagation delay; together,

these delays accumulate to give a total nodal delay. [133]

The concept of flow was first introduced by Csikszentmihalyi
[41] and it represents the optimal experience or complete
absorption with an activity. It is characterized by 8
dimensions, which can be divided into three stages:
antecedents, experiences and effects. The dimensions
allocated to the antecedent stage are a clear set of goals,
immediate feedback and equilibrium between challenges and
skills. The experience stage is characterized by the merging
of action and awareness, focused concentration and a sense
of potential control. The final effects stage is characterized
by a loss of self-consciousness, time distortion and a self-

rewarding experience.

For applications such as audio and video streaming, it does
not matter much if the packets take 20 msec or 30 msec to
be delivered, as long as the transit time is constant. The

variation in the packet arrival times is called jitter. [209]



Packet Loss

Multimedia applications

Quality of Perception

Quality of Experience

Quality of Service

Usability

User Experience

Because queue capacity is finite, packet delays do not
approach infinity; instead a packet can arrive to find a full
gueue. With no place to store such a packet a router will

drop the packet; the packet will be lost. [133]

Streaming video, IP telephony, Internet radio,
teleconferencing, interactive games, virtual worlds. Three
broad classes of multimedia applications are streaming
stored audio/video, streaming live audio/video and real-time
interactive audio and video. [133] Multimedia presentations
integrate streaming audio and video with images, text or any
other media type. [17]

Quality of Perception characterizes the perceptual
experience of the user when interacting with multimedia

applications. [79]

The overall acceptability of an application or service, as

perceived subjectively by the end-user. [117]

The collective effect of service performance, which
determine the degree of satisfaction of a user of the service.
[59]

Usability is a quality attribute that assesses how easy user
interfaces are to use. The word "usability" also refers to
methods for improving ease-of-use during the design
process. Usability is defined by 5 quality components:
learnability, efficiency, memorability, error handling and

satisfaction. [164]

User Experience is about technology that fulfils more than
just instrumental needs in a way that acknowledges its use
as a subjective, situated, complex and dynamic encounter. It
is a consequence of a user's internal state, the
characteristics of the designed system and the context within

which the interaction occurs. [96]



