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Abstract. This paper reports the results of a comparison-based empirical study
on the applicability of the end-user Quality of Experience-based content adapta-
tion mechanism in adaptive educational hypermedia. The focus of the paper
will be the experiment itself: the initial settings, testing scenarios and the re-
sults. We will show that for low bit rate connections the QoE-based adaptation
decreases study session time, information processing time per page and the
number of re-visits to a page, it maintains similar learning outcomes while also
improving the user quality of experience and satisfaction with the system. Fi-
nally we will comment on the results and interpret them.

1 Introduction

New communication technologies can enable Web users to access personalised infor-
mation “anytime, anywhere”. However, the network environments used for accessing
the information may have widely varying performance characteristics (e.g bandwidth,
level of congestion, mobility support, cost of transmission, etc). It is unrealistic to
expect that the quality of delivery of content can be maintained at the same level in this
variable environment. Rather an effort must be made to fit the content served to the
current delivery conditions, thus ensuring high Quality of Experience (QoE) to the
users. Currently, the adaptive hypermedia research places very little emphasis on end-
user QoE and performance. However, it should be noted that some Adaptive Hyper-
media Systems (AHS) have taken into consideration some performance features such
as device capabilities (GUIDE [1], MP? [2]), the type of the access, communication
protocol (SHAAD [3]), state of the network (SHAAD [3]) etc. in order to improve the
end-user QoE. However, these account for only a limited range of factors affecting
QokE. In order to respond to this problem we have conducted a more complete analysis
of the key factors that affect QoE. We also proposed a QoE adaptation layer that ex-
tends the adaptation functionally of the AHS and ensures high level of QoE when users
access personalised material via various connectivity network environments [4].

This paper presents an empirical-analysis of the experimental study conducted ap-
plying QoE layer in adaptive educational hypermedia to ascertain its effects on the
learning process. The analysis compares learner outcome, learning performance, us-
ability and visual quality for an AHA! [S] courseware application with and without
application of the QoE adaptation layer.
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2 End-User QoE-Based Adaptation Overview

Most of the AHS proposed in the literature follow the abstract representation of the
adaptation process illustrated in the AHAM [6] model. They construct and maintain a
Domain Model (DM), a User Model (UM) and an Adaptation Model (AM). Starting
from this simple abstract representation we extended the adaptation functionality with
a novel content-based adaptation mechanism (called QoE Layer) that improves the
end-user Quality of Experience (QoE) [7] when the Web browsing process takes
place over heterogeneous and changeable network environments. While the AHS’s
main role of delivering personalised content is not altered, its functionality and per-
formance is improved and thus the user satisfaction with the service provided.

To better understand the framework for our experiment, a brief presentation of the
QoE layer architecture is presented next. More details were provided in other papers
[4, 7, 8]. The QoE layer includes the following components: Perceived Performance
Model (PPM), Performance Monitor (PM) and Adaptation Algorithm (AA). PM
monitors different performance metrics (e.g. download time, round-trip time,
throughput, user tolerance for delay) and user behaviour-related actions (e.g. abort
request) in real-time during user navigation and delivers them to the PPM. The PPM
models this information using a stereotype-based technique and probability and dis-
tribution theory [8], in order to learn about the user’s operational environment charac-
teristics, about changes in the network connection and the consequences of these
changes on the user’s quality of experience. Based on this information the PPM sug-
gests optimal Web content characteristics (e.g. the number of embedded objects in the
Web page, the dimension of the based-Web page without components and the total
dimension of the embedded components) that will provide a satisfactory QoE. The
Adaptation Algorithm uses PPM’s content-related suggestions and applies various
transformations [4] (e.g. modifications in the properties of the embedded images
and/or elimination of some of them and placing a link to the image) to the personal-
ised Web page (designed by the AM based on a user profile).

In this context, the adaptation process of an AHS allows for both user-based and
QoE-based adaptations. User-based adaptation selects the fragments of information
from the DM for inclusion in a user-tailored performance-orientated document, based
on the user profile (UM). QoE-based adaptation is applied when the delivery of the
personalised document over a given connectivity environment would not provide a
satisfactory end-user QoE. In this case, the AA adjusts the characteristics of the per-
sonalised document.

In conclusion, the main goal of a QoE-aware AHS is to provide personalised mate-
rial that suits both user’s individual characteristics (e.g. goals, knowledge) and the
delivery environment in order to ensure high QoE.

3 Context of the Study

As already mentioned, QoE layer aims at enhancing the adaptation functionality in order
to improve the overall user experience with AHS when the user’s operational environ-
ment has widely varying performance characteristics (e.g. bandwidth, delay, level of
congestion, mobility support) that may affect the QoE. Therefore, the evaluation of the
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QoE layer involved its deployment on the open-source AHA! system, creating
QoEAHA. QoEAHA was applied in the educational area as an adaptive courseware
application in order to test user perception of content delivery and its effect on learning
outcome. The empirical study presented in this paper aims at a comparison-based
evaluation of the QOEAHA in a home-like operational environment.

The subjects involved in the experiment were comprised of sixty-two post-graduate
students from Faculty of Engineering and Computing at Dublin City University, ran-
domly divided in two groups. They were required to perform two sets of task-based
scenarios. Learning outcome, learning performance, system’s usability and effective-
ness, correlation analysis as well as assessment of the visual quality of the content and
user satisfaction were analysed when using QOEAHA and the AHA! system. The
impact of the end-user QoE on the student learning performance was also investi-
gated.

4 Design of the Empirical Evaluation

The experiment took place in the Performance Engineering Laboratory, Dublin City
University. Two sets of task-based scenarios (“interactive study” and “search for
information”) were developed and carried out. The first group of subjects used
QoEAHA, whereas the second group used AHA!. The subjects were not aware of the
type of the system they were using. The educational material consisted of an adaptive
tutorial on the AHA! v.2.0 [5] application. None of the students had accessed the
material prior the tests. No time limitation was imposed on the execution of tasks.

For both groups the same network conditions were emulated between the subjects’
computers and the two systems. NISTNET, a network emulator that allows for the
emulation of various network conditions characterised by bandwidth, delay, and loss
was used to create low bit rate home-like Internet environments with network speed
between 28 kbps and 128 kbps.

4.1 Scenario 1: Interactive Study

Scenario One covered an interactive study session on chapter one from the adaptive
tutorial over various connection types. At the start of the study session the subjects
were given a short explanation of both system usage and their required duties such as:

® complete an on-line pre-test questionnaire [9] with six questions related to the
learning topic that aims at assessing subjects’ prior knowledge on studied domain.

® log onto the system and proceed to browse and study the material. Back and for-
ward actions through the studied material were permitted.

e at the end of the study period, complete a post-test questionnaire [9] consisting of
fifteen questions that tests recollection of facts, terms and concepts as well as
knowledge level after completing a study session.

® Answer an usability questionnaire [9] consisting of ten questions categorised into
navigation, accessibility, presentation, performance and subjective feedback.

In order to fully assess the subjects learning outcome, both pre- and post-tests were
such devised that consisted of a combination of four different types of test-items,
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commonly used in the education: “Yes-No”, “Forced-Choice”, “Multi-Choice” and
“Gap-Filling” test items [10]. Each test-item type has different degree of difficulty and
therefore a different weight in the final score is assigned for a correct answer. The final
scores were normalised in the 0-10 range. Learning outcome, learning performance and
system usability were assessed and forty-two students took part in this scenario.

4.2 Scenario 2: Search for Information

This scenario involves visual quality assessment that makes use of an evaluation crite-
ria often used in the educational area: time taken to search for a term described in a
page. Since the QoE adaptation mechanism involves applying various modifications on
the properties of the embedded images, this scenario has an important role. The goal is
to assess whether the quality of images is good enough to perform the required task.

The subjects were asked to look up two different terms and to answer two ques-
tions related to these terms. The terms were located on two pages of the tutorial, more
precisely, in the embedded images. As these pages include the largest number of em-
bedded images, the highest image quality degradation was caused when using
QoEAHA in the tested conditions.

Objective and subjective visual quality assessments were performed involving
twenty students. Time taken to complete the task and questionnaire-based evaluation
techniques were used. The subjective visual quality assessment on a five-point quality
scale (1-“bad”, 2-“poor”, 3-“fair”, 4-“good”, 5-“excellent”) ascertained the impact of
QoE-based content adaptation on user experience.

5 Results

5.1 Assessment of the Learning Outcome

Learning outcome provided by an e-learning technology relates to the degree of
knowledge accumulation by a person after studying certain material. It is analysed in
form of course grades, pre/post-test scores or standardised test scores. In our experi-
ment learning outcome was analysed in term of pre-test/post-test scores of the two
groups after a study session. Pre-test scores (AHA = 0.35, QOEAHA ;.= 0.30)
showed that both groups of students had the same prior knowledge on the studied
domain.

The mean scores for the post-test were 7.05 for the subjects that used QOEAHA
and 6.70 for the AHA! group. A two-sample T-Test analysis on these values does not
indicate a significant difference in the marks received by the two groups of subjects.
(00=0.05, t =-0.79, t-critical =1.68, p(t) = 0.21).

In conclusion, results indicate no significant difference in the learning outcome of
the two groups, regardless of the characteristics of the operational environment. Thus,
the degradation of image quality does not adversely affect student’s learning outcome
and QoEAHA offers similar learning capabilities to the AHA! system.

5.2 Impact of QoE-Based Adaptation on Learning Performance

Learning performance is another important barometer used to assess the utility and
value of an e-learning system. In general the term refers to how fast a required task
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(e.g. studying, searching for information or memorising information displayed on the
screen) is performed. The most common metric used in the educational area for
measuring learning performance is Study Session Time (SST) [11, 12]. Apart of this,
other metrics such as Information Processing Time per page (IPT/page) and Number
of Accesses to a Page (NoAccesses/page) performed by a person were measured in
our study. These metrics were analysed and compared for both group of subjects.

In the following, results for a 56 kbps emulated network environment are pre-
sented. Tests involving various low rate network environments in the range of 28 —
128 kbps provided similar outcomes as the 56 kbps case. These tests were for the first
scenario.

5.2.1 Study Session Time (SST)
SST is measured from the moment when the subject logs into the system and pro-
ceeds to study, until s/he starts answering the post-test questions.

An analysis of the SST for the two groups, shows that on average students that
used QOEAHA (SST,, = 17.77 min) performed better than the ones that used AHA!
(SSTaye = 21.23 min), leading to 16.27% improvement. This fact was confirmed with
99% confidence level by the T-Test analysis. The very large majority of the students
that used QOEAHA (71.43 %) performed the study task in up to 20 min. with a large
number of students (42.87 %) requiring between 15 min and 20 min of study time.
When the AHA! system was used, only 42.85 % of the students succeeded in finish-
ing the task in 20 min. The majority of them (71.42 %) required up to 25 min. with
the largest number of students (28.57 %) in the interval 20-25 min (Fig. 1).
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Fig. 1. Distribution of the Study Session Time for the two groups of subjects when performing
Scenario 1 over a 56 kbps connection speed

5.2.2 Information Processing Time per Page (IPT/page)

IPT represents the time taken by a student to read and assimilate the information dis-
played on a Web page. It is measured from the moment when the Web page is deliv-
ered and displayed on the computer screen until the user sends a request for another
page. The pages were not loaded in a progressive way. The results indicate that on
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average a lower time per page (IPT = 4.31 min) was spent by a student to process the
information delivered through the QoEAHA system, in comparison to the case when
AHA! was used (IPT =4.95 min).

5.2.3 Number of Accesses to a Page (NoAccesses/page)

NoAccesses/page provides an indication of the quality of the learning process. Any
re-visit to a page may indicate that the student was not able to recall the information
provided in that page and thus the learning process was of poor quality. On average,
subjects from the QOEAHA group performed a smaller number of re-visits (NoAc-
cesses/pageay, = 1.40) than those from the AHA! group (NoAccesses/pageay, = 1.73).
An unpaired two-tail T-Test with unequal variance assumed, confirmed with 92%
confidence that there is a significant difference in the number of visits to a page meas-
ured for the two group of subjects.

How the content delivery performance of the two systems has affected NoAc-
cesses/page was investigated by analysing the variability of the test-samples. The
results for the NoAccesses/page showed that the variance for Group 1 (QOEAHA) (o”
=0.35) was lower than the variance for Group 2 (AHA!) (02 =0.75). A F-Test analysis
confirms with a 95% confidence level that Group 1 and Group 2 do not have the same
variance and the difference between the two groups’ variances is statistically signifi-
cant. Therefore, one can conclude that Group 2 has a higher dispersion than Group 1.
This indicates that a larger number of students (an average of 55 %) that used the
AHA! system required more than one access per page for learning process. At the
same time, the majority of students (an average of 65 %) that used the QoEAHA
performed only one access per page showing that in general these students succeeded
to focus better on the studied material.

Summarising the results, students from the QoEAHA group had shorter Study Ses-
sion Times than those that used the AHA! system. A 16.27 % improvement of SST
was obtained with the QOEAHA system. Since the download time per page provided
by QoEAHA does not exceed the user tolerance for delay threshold [4] (12-15 sec is
considered satisfactory for the Web users by the research community [13]), the stu-
dents were constantly focused on required task. On average, an improvement of
26.5% [4] on the download time per page was obtained in comparison to the AHA
system. Therefore, the QoE-aware system has ensured a smooth learning process.
This observation is confirmed when assessing NoAccesses/page (on averagel9%
decrease with QOEAHA) and IPT/page (on averagel3% decrease provided with
QoEAHA).

5.3 Usability Evaluation

The goal of the usability evaluation was to measure and compare the usability, effec-
tiveness and performance of the two systems. The methodology used for the experi-
ment involves an online questionnaire. Questionnaires are the most widely used
method in the education area with other alternatives being interviews, heuristic
evaluations, subjects’ observation through adequate equipment [8].

Scenario 1 required the subjects to complete an online usability questionnaire con-
sisting of ten questions related to key usability aspects and performance issues. The
answers were given on the Likert five—point scale: 1-poor, 2-fair, 3-average, 4-good,
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5-excellent. The questions were categorised into: navigation, presentation, subjective
feedback, accessibility and user perceived performance. The accessibility and user
perceived performance questions assessed the end-user QoE. Four questions of the
survey related to this and assessed user opinion about overall information delivery
speed (Q6), download time in the context of browsing experience (Q7), user satisfac-
tion in relation to the perceived performance (Q9) and whether the slow access to the
content has inhibited them or not (Q5).

The results for 56 kbps connection case are briefly presented. More details on us-
ability assessment were presented in [7]. Fig.2 shows that the QoEAHA system pro-
vided better end-user satisfaction (above the “good” level for all questions), than the
AHA! system that scored just above the “average” level. This good performance was
obtained in spite of the subjects using slow connection (56 kbps) during the study
session and not being explicitly informed of this. Overall, the mean value of QoE
usability assessment was 4.22 for QOEAHA and 3.58 for AHA!. This leads to a QoE
improvement of 17.8 % for the QOEAHA system.
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Finally, an overall assessment when all ten questions (Fig. 3) were considered of
equal importance shows that the students considered the QQEAHA (mean value=4.01)
significantly more usable than AHA! (mean value=3.73). These results were also
confirmed by an unpaired two-tailed T-Test (t=2.44, p<0.03) with a 97 % degree of
confidence. An increase of 7.5 % in the overall QoEAHA usability was achieved due
to the higher scores obtained in the questions related to end-user QoE.

5.4 Visual Quality Assessment

The scenario two involved both objective and subjective visual quality assessments.
The goal was to investigate the effect of the quality degradation performed in a con-
trolled manner by the QoE Layer on learning performance and student satisfaction.
Objective visual quality assessment involved searching for two terms and answering
two questions related to the target information. Time taken to find each term was
measured for both QQEAHA and AHA! groups. Results [14] showed that the measured
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times was similar for both groups. One aspect worth mentioning is all the subjects have
successfully completed the task and answered the questions correctly.

The target information was presented in the embedded images of two pages that
have the biggest content size. Thus, QOEAHA imposed the highest image quality
degradation for these pages. For the worst operational environment case (28 kbps)
QoEAHA applied 57 % reduction for Page 1 introducing the first term and 18 % for
Page 2 (second term). The subjective-based visual quality assessment investigated
through a questionnaire shows that regardless of the high content reduction the aver-
age quality grade for the AHA system was 3.9, very close to “good” perceptual level,
and only 4.4% lower than the average quality grade (4.3) for AHA! [9]. This suggests
that the cost of image quality reduction is not significant as far as user-perceived
quality is concerned while at the same time yielding significant improvements in
download time and learning performance.

5.5 Correlation Analysis

5.5.1 Correlation Between Learning Outcome and Judgment on Usability

One aspect worth examining is whether or not there is any correlation between stu-
dents learning outcome (post-test marks) and their judgment on system usability
(questionnaire scores). Therefore, we examined if students that performed well in the
post-test evaluation, thought that the e-learning system (AHA!/ QoEAHA) was more
usable, while students with lower scores expressed bad opinions.

Scatter Graph for QOEAHA System Scatter Graph for AHA System
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Spearman correlation coefficient (ry) that indicates the degree of correlation be-
tween two sets of data was measured for both systems (QoEAHA: r,=0.21, AHA!:
1,=0.03). As both values are low we can conclude that there is no strong correlation
between learning performance and perception of usability. An alternative solution for
examining the correlation is to represent graphically the values in a scatter plot. Fig.4
and Fig. 5 confirm again that there is no correlation.
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Summarizing, no correlation has been found between the students learning out-
come and their judgment on the system usability. The student opinion expressed in
the usability questionnaire was not influenced by his/her mark from the post-test
evaluation.

5.5.2 Correlation Analysis Between Study Session Time and Learning Outcome
This analysis aims at investigating whether the time spent studying was correlated to
marks in the Post-Test evaluation. The Spearman coefficient for both AHA and
QoEAHA systems was computed (QOEAHA: r=0.27, AHA!: r,=0.004). As both
coefficients are low value, we can conclude that there is no strong correlation between
the two data sets. In consequence a low mark received by a student was not due to a
short period of time allocated for the study.

6 Reflections on the Experiment Results

The aim of the experiment presented here was to investigate the usability and effec-
tiveness of novel QoE layer enhancement for AHS, in the educational area. The
choice to use AHA! as the foundation for building a QoE-aware AHS (QoEAHA),
was based on issues such as availability (open-source), trust (tested), etc. However
the QoE layer could be easily embedded in any AHS that respects the principles of the
AHAM [5].

The QoEAHA evaluation involved a comparison with the AHA! system in home-
like low-bite rate operational environments. Different educational-based evaluation
techniques such as learner outcome analysis, learning performance assessment, us-
ability survey, visual quality assessment, and correlation analysis were used in order
to assess QOEAHA in comparison to AHA!. Over 60 students from Dublin City Uni-
versity took part in the experiment that involved two scenarios. The first scenario
covered a learning session whereas the second one involved a search for information
task.

Learning outcome analysis has shown that both groups of students (AHA and
QoEAHA) received similar marks on the final evaluation test. Therefore, QoE layer
did not affect the learning outcome and QoEAHA offers similar learning capabilities
to the classic AHA! system.

Learning performance improvements in terms of Study Session Time (16.27 % de-
crease), Information Procession Time per page (13% decrease) and smaller number of
revisits to a page were obtained with the QOEAHA system. It is noteworthy that most
of the QOEAHA group students (71.43 %) finished the study in up to 20 min. while
only 42.85 % of the AHA! group students finished in the same period of time.

Results on visual quality assessment confirmed that the controlled degradation of
the quality of the content performed by the QoE layer did not affect the functionality
of the e-learning system. Both groups of students succeeded to complete the required
task in similar period of time.

The system usability investigation performed using an online questionnaire showed
that students thought the QOEAHA system provided high end-user QoE. Questions
related to the QoE were marked on average over the “good” level (between 4.10 and
4.55 points) while the AHA! system scored between 3.45 and 3.8. Questions related
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to the other aspects of the system (e.g. navigation, presentation) achieved similar
marks for both systems demonstrating that the QoE layer did not affect them. Finally
an overall usability assessment shows that students considered QoEAHA significantly
more usable than AHA! with QoEAHA achieving a 7.5 % increase in usability due to
the high marks awarded on QoE related questions.
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