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ABSTRACT

This paper presents a Quality of Experience (QoE) prediction model in a student-centered blended learn-
ing environment, equipped with appropriate technologically enriched classroom. The model uses ANFIS
technique to infer the QoE from the individual subjective factors and the objective technical factors
which altogether influence the perceived QoE. We explored the influence of subjective personality traits
extroversion and neuroticism, as well as the learning style on QoE. The objective factors included in the
model are technically measurable parameters latency, jitter, packet loss and bandwidth affecting Quality
of Service (QoS) of the underlying technology. The findings presented in this paper are obtained from
a case study which involved 8 teachers and 142 students from second and sixth grade in five primary
schools in the Republic of Macedonia. The teachers involved in the project introduced game-based learn-
ing strategies in classes, including on-line videoconferences, streamed video content and classical face
to face gaming. We constructed three ANFIS systems with seven and four input variables and compared
their performances using the RMSE, MAPE and R?> measurements. The results showed that perceived QoE
can be reliably predicted by the student’s personality traits and learning style as subjective factors and

network jitter as an objective factor.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Education is an interactive process during which students grad-
ually adopt knowledge, develop intelligent reasoning, judgment
and skills needed for successful mature life. The subjective percep-
tion of the process by the involved participants can be expressed
as a level of satisfaction. The student satisfaction with the educa-
tional process directly influences his academic performance [34].
Therefore, constant efforts are made to approximate and adapt
the educational process and environment to the student’s prefer-
ences, in order to ensure optimal performance for each individual.
From the pedagogical point of view, the shift from classical teacher-
centered toward student-centered educational models, brings the
individual preferences and learning style at the center of the edu-
cational process and creates optimal environment for learners to
develop their real potential.
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When the educational process is aided by technology or prod-
uct, the subjective measure of satisfaction is expressed as “Quality
of Experience” (QoE). According to ITU-T P.10/G.100, QoE is defined
as the overall acceptability of an application or service, as subjec-
tively perceived by the end-user. Therefore, QoE derives from the
complete system’s effect on the user, influenced by the underlying
technology as well as the user expectations and context. Having
in mind the subjective nature of QoE, it is understandable why its
quantification and measurement is not trivial. The literature reports
multiple efforts attempting to approach the concept of QoE in terms
of user perception, expectation and experience [33,35]. Classical
example is the approach described by ITU-T Focus Group on IPTV
in 2008 [16] which measures QoE through appropriate user tests
and surveys while expressing QoE values in terms of Mean Opinion
Score (MOS).

Even though the MOS method delivers the goal of subjective
quality measurement, its major drawback is the low cost effec-
tiveness. Therefore various attempts are made to “objectify” i.e. to
correlate the QoE with certain parameters that can be objectively
measured [25]. These parameters are classified and referred as the
quality of network while delivering the service to the users (jitter,
delay, packet loss, etc.) and the quality of delivered content (visual
quality, audio quality, audio delay etc.). The first class of parameters
quantifies a measure known as Network Quality of Service (NQoS)
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Table 1
QoS provisioning for interactive and streaming video.
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Interactive video

Streaming video

Packet loss <1%

Latency (one way) <150 ms

Jitter <30ms

Bandwidth Overprovision the minimum-priority bandwidth

guarantee to the size of the videoconferencing session plus

20 percent

<5%

<4-5s

No significant requirements

Depends on the encoding format and rate of the video
stream

and the second class of parameters quantifies the Application Qual-
ity of Service (AQoS). Together NQoS and AQoS comprise an overall
objective measure of the network performance known as Quality
of Service (QoS).

According to ITU-T E.800 [16], QoS is defined as the collective
effect of performance which determines the degree of satisfaction
of the end-user of a certain service. By contributing to the improve-
ment of overall performance of the network, the QoS management
improves the end-user experience with the system. System vendors
provide various mechanisms for QoS management and provision,
assuring that QoS in given network setup can be controlled and
guaranteed in advance.

Earlier studies on QoS to QoE correlation have shown that the
network level QoS parameters have bigger impact on perceived
QoE than the application level QoS parameters [21,35]. Therefore in
our research activities we have mainly focused on the NQoS provi-
sioning parameters, as objective factors which influence student’s
QoOE.

The recommendations given in the guidelines for QoS provi-
sioning for interactive and streaming video [15] are summarized in
Table 1.

Following the study of Calyam et al. [3], the values of the NQoS
parameters are mapped to MOS values as given in the Table 2.

Besides the delivered QoS, the personal affinities have strong
impact on the perceived QoE as well. In attempt to identify the
main subjective factors affecting QoE in a blended educational
environment, we found strong support in literature reporting the
personality and learning style as leading factors on the student’s
academic performance in the classical education [2,5,7]. Personal-
ity factors (Extroversion, Neuroticism) as given in Eysenck theory
[10] and certain learning styles (Reflector, Pragmatist) were statis-
tically significant predictors of rated performance in the study of
Furnham et al. [ 12]. Furthermore, the literature reports strong rela-
tionship between student satisfaction and academic performance
[6,32], which gives a solid reason to explore the effect of personality
traits and learning style on the student satisfaction as well.

The main goal of this paper is to explore the objective and sub-
jective factors influencing and predicting the perceived student’s
QoE in a blended educational environment, particularly in tech-
nology aided classrooms involving videoconference (VC) and video
streaming (VS) sessions in the educational process. Furthermore,
having in mind the importance of satisfaction on the overall aca-
demic performance, our aim is to identify stereotypes of students
depending on their personality and preferences, and offer adaptive
educational scenarios to the different stereotypes, thus ensuring
optimal learning environment for each particular individual. For

Table 2
NQoS parameters to MOS mappings for VC and VS.

that purpose, in our case study we involved eight teachers and 142
students from second and sixth grade in five primary schools in
Republic of Macedonia. We created educational scenario in which
certain parts of Math, Nature/Society and Art curricula were held
in inverted student-centered manner in which students were play-
ing games, participating in videoconference sessions and watching
streamed video lessons. The choice of the sample of students to
participate in this study was based on few criteria: the age of the
children had to be appropriate to apply the personality tests (8-18
years old); having in mind that the resulting sample should explain
QoE for a broader range of primary school students and the game
based learning scenarios are considered to motivate mostly the
younger children, we decided to include children from different
ages yet young enough to be motivated by the given scenario. The
teachers involved in the project had to be properly trained to apply
the given educational scenario on the classes. The schools were
chosen from both rural and non-rural areas of the country. The
participants were able to express themselves through the game, to
collaborate with the other students in order to complete some task,
and even participate in the process of evaluation. The teacher’s role
was to present the objectives and to mediate, support and motivate
participants. The students were learning curricula topics by play-
ing two social games for Nature/Society classes, two logical games
for Math classes and two visual games for Art classes. Every game
was played in three subsequent school classes having different edu-
cational setup appropriate for each class. First class was held in a
traditional face to face manner, second class involved videoconfer-
ence session with peers from another school, and in the third class
the students were completing tasks following instructions given
previously in a streamed video session. At the end of the study, the
students have completed total of 18 Math, Nature/Society and Art
classes, by playing six different games in three different educational
setups: a classical face to face classroom class, a videoconference
session class and a video streaming session class. At the end of each
class students filled a questionnaire rating the aspects of satisfac-
tion, content, simplicity, technical setup, approach and eagerness
to repeat the class experience [29].

The videoconferencing infrastructure used in our case study is
based on a Polycom videoconferencing platform, which connects
different locations in several primary, high schools and universities
in Macedonia, with Skopje as a central site. These sites are intercon-
nected through the MARNET (Macedonian Academic and Research
Network) networking infrastructure which connects university
campuses and other state educational institutions, including most
of the involved primary schools. Since the schools in rural areas
did not have access to this network, they used the Internet as a

Videoconference (VC)

Video streaming (VS)

Good Acceptable Poor Good Acceptable Poor
MOS 4-5 3-4 <3 4-5 3-4 <3
Latency 0-150 ms 150-300 ms >300ms 0-3s 3-5s >5s
Packet loss 0-0.5% 0.5-1.5% >1.5% 0-3% 3-5% >5%
Jitter 0-20ms 20-50 ms >50ms 0-1s 1-4s >4s
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connection to the videoconferencing platform, thus allowing us to
perform analysis on different networking conditions. Each remote
classroom was equipped with teacher/student camera, appropri-
ate displays, proper sound systems and interconnecting devices to
the videoconferencing platform. The systems includes central man-
agement center placed at the central site, for global, centralized
view of all videoconferencing endpoints and network elements,
while enabling monitoring, maintenance and real-time control. The
videoconferencing endpoints participated as a closed user-group
based on H.323 protocol, while employing H.264 standard for video
format, Siren22 audio codec and up to 1920 kbps call rate. Through
the centralized management we were able to monitor the sessions
and gather real time feed from instruments and sensors, including
the necessary NQoS parameters for bandwidth, packet loss, latency
and jitter.

In order to investigate the perceived QoE of the students
involved in our case study, and develop a model that would predict
the QoE of the future students participating in similar blended edu-
cational setups, we used an Adaptive Neuro Fuzzy Inference System
(ANFIS) which is able to learn and generate a fuzzy rule base from
a given set of input-output data [19]. ANFIS is a Sugeno type fuzzy
inference system that uses back propagation or hybrid algorithm to
tune the membership functions in fuzzy variables of fuzzy rules. The
use of ANFIS as modeling technique empowers the system with the
ability to learn from the I/O data, and strong knowledge represen-
tation through the fuzzy rule base. The novelty in our approach is
that we introduce subjective factors (personality related: neuroti-
cism, extroversion; and learning style) together with the objective
technical factors (QoS related: packet loss, latency, jitter) as input
parameters to the ANFIS, to find the fuzzy relation with the QoE
which is an output parameter from the system [38].

This paper is organized in eight sections. After introduction, Sec-
tion 2 reviews the literature regarding related work. Section 3 gives
abrief description of the ANFIS theory. The ANFIS design and exper-
iments for QoE prediction is given in Section 4. Section 5 reports
the results, analysis and interpretation of the results. Comparison
of proposed ANFIS models with linear regression and other predic-
tion models is given in Section 6, and Sections 7 and 8 give some
brief guidelines for future work and conclude the paper.

2. Literature review

The academic research recognizes two main approaches for QoE
assessment, classified as subjective and objective. The standard
subjective approaches use MOS method, based on user response
regarding the experienced service. Recognizing the contribution of
the user expectations in the QoE assessment, the study of Egger
et al. [8] proposes a methodology that extends the standard MOS
metric, including the conversational interactivity as a characteris-
tic of the expectation dimension in QoE assessment, and the social
presence indicator. A framework for video QoE inference based on
MOS rating in real time is given in [39]. The framework was initially
constructed using bitrate, latency and packet loss as input parame-
ters to predict the QoE, and compared the results with the obtained
MOS values from survey filled by the users. The obtained error rate
from predicted to actual MOS value varied from 0.4 to 4%.

The main drawback of MOS related approaches is that they
tend to be expensive and time-consuming which makes them low
cost-effective. The objective approaches, designed to overcome the
cost-effectiveness limitation of MOS method, are using quantita-
tive measurements of signals or network parameters in attempt
to obtain correlation between those parameters and the perceived
QoE. Some of the common proposed metrics are Peak Signal to
Noise Ratio (PSNR), Video Quality Metric (VQM), Structural Similar-
ity Index (SSIM), etc. [25]. A methodology for quantification of the

correlation between QoS and QoE is given in [40]. Some approaches
are using combination of both methodologies in order to overcome
the drawbacks of each individual approach. EvalVid framework is
designed to evaluate the quality of transmitted video over network.
It measures the network QoS parameters and calculates the PSNR
of the received video. Furthermore, the framework offers a tool for
conversion of the PSNR to MOS, attempting to map the objective
calculations to subjective score [24].

A systematic literature survey of 44 empirical studies of QoE
is given in Mintauckis master’s thesis [31]. The main focus of
the thesis is to categorize the QoE research by subject, type of
study, aspects, purpose and results. The findings indicate that the
“satisfaction” was considered as the vital aspect regarding QoE
assessment. The next most evaluated aspect was “loss/packet loss”,
which belongs to the aspect group “network QoS”.

Having the presumption that the “satisfaction” and “network
QoS” are the main aspects affecting the overall students’ QoE in
a blended educational environment we researched the literature
to find support and investigate the factors influencing the above
mentioned aspects.

The student satisfaction with the educational process has been
drawing academic attention not only regarding the improvement of
scores and academic performance, but also regarding the aspects
of persistence and student retention in the educational process.
Therefore there are constant efforts in the academic community
to identify and improve the factors affecting the student satis-
faction and provide optimal educational environment leading to
maximum effectiveness and results for each individual learner.
The factors vary from personal affinities regarding the learning
style, personality components including habits, interests and atti-
tude, relationship with the lecturer and the peers, to environmental
factors regarding the classroom environment, use of technology
as educational media, content presentation, etc. The relation-
ship between student satisfaction and learning outcomes in an
e-learning environment is given in [9].

Learning style is recognized as one of the key factors influ-
encing perceived satisfaction of students with educational process
[13]. Although literature recognizes many definitions of learning
style, the simplest definition given by Grasha [17] defines a learn-
ing style as an individual’s preferred way of learning. One of the
many approaches for Learning Styles (LS) assessment, designed to
measure instructional preferences for giving and receiving infor-
mation, is the VARK methodology developed by Neil Fleming [11].
The learning styles according to VARK terminology are classified
as Visual, Aural, Reading/Writing, and Kinesthetic/Tactile as basic
modalities of learning styles. Some learners are strongly inclined
toward a single modality, but majority of learners benefit from all
learning modalities.

In the study of Gurpinar et al. [14], 170 medical students were
involved in investigation of the relationship between learning
styles, satisfaction with the instruction methods, and academic
achievement. The study used the Kolb’s model recognizing four
learning styles: Accommodator, Diverger, Converger and Assimi-
lator. The study showed that in the assimilator group it is possible
to predict the satisfaction with traditional training and the aca-
demic achievement. Assessment of the influence of personality and
learning style on work performance is given in [12]. The study
involved two hundred participants completing the Eysenck Person-
ality Inventory (EPI) and Mumford’s Learning Styles Questionnaire
(LSQ) and confirmed that the personality variables and certain
learning styles were significant predictors of the working perfor-
mance.

Besides the learning style, the other key component which
determines student perception and success in education is his
personality traits. The Eysenck personality theory [10] recognized
three main personality dimensions: Neuroticism (N), Extroversion
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(E) and Psychoticism (P). The combinations of different ranges
of dimensions define a personality wheel divided in four quad-
rants marking the personality as sanguine, choleric, phlegmatic
or melancholic. HANES - scale of Neuroticism and Extroversion
for children and youth, is adapted version of Eysenck Personal-
ity Inventory (EPI) for young people from 8 to 18 years old [1].
The HANES methodology uses two questionnaires HANES-1 and
HANES-2, having 36 and 32 questions respectively, used to evalu-
ate the personality traits Neuroticism (N1), Extroversion (E3 which
incorporates two sub-traits sociability E1 and activity E2) and Hon-
esty (L).

The meta-analysis of Trapmann et al. [37] investigates the
impact of the Big Five personality factors (Openness, Conscien-
tiousness, Extraversion, Agreeableness, Neuroticism) on academic
success of students in higher education. The success was investi-
gated using grades, retention, and satisfaction as different criteria.
The study found that Neuroticismis related to academic satisfaction
and Conscientiousness correlates with grades. Extraversion, Open-
ness to Experience, and Agreeableness have no significant impact
on academic success. Significant correlation between personal-
ity traits (Extroversion, Neuroticism and Conscientiousness) and
examination grades of 247 British university students, explaining
around 15% of the variance was found in the study of Chamorro-
Premuzic and Furnham [4].

The learning environment is another factor influencing aca-
demic performance, especially in blended scenarios which involve
technology in education. Synchronous environments such as video-
conferences are advantageous for social learners who prefer and
benefit from the interaction with their peers. On the other hand,
asynchronous environment that enables individuals to learn at
their own pace, schedule and autonomy, is preferred for solitary
learners [27].

The impact of the media presentation on the acceptance of the
e-learning technology is given in [18,28]. Authors have explored
three different media types i.e. text, streamed audio and streamed
video. The perceived usefulness and the user’s attitude were used
to predict the intention to use the system. The effect of the media on
the student’s satisfaction and engagement is given in [36,41]. The
authors conclude that the asynchronous rich media presentations
increase the student’s satisfaction with the on-line courses.

In the study of Martinez et al. [30], person’s personality is esti-
mated using Big Five personality test and the results of the five
personality traits are used as inputs in an ANFIS model. The output
from the ANFIS is the role in the software engineering development
team. The system is used to recommend the most suitable roles for
novel persons in software engineering teams.

The impact of the technical characteristics of the underlying
technology on the overall user satisfaction with the delivered ser-
vice, and the adaptation of the service performance on variable
network conditions is explored in [22,23]. The authors propose an
ANFIS based neuro-fuzzy model using a combination of application
and physical layer parameters to predict the delivered video quality
to the users. In the study authors use ANFIS to train three neu-
ral networks for three distinct content types, to predict the video
quality in terms of MOS. The accuracy of the model was validated
by the correlation coefficient and RMSE. The results showed that
network level parameters bandwidth and packet error rate have a
much bigger impact on video quality compared to application level
parameters such as frame rate and video send bitrate.

3. ANFIS theoretical framework
Adaptive Neuro Fuzzy Inference System (ANFIS) is a hybrid

neuro-fuzzy system described by Jang [19]. ANFIS possesses some
unique properties integrating the advantages of neural networks

and fuzzy logic techniques for human behavior representation.
Fuzzy inference systems provide a strong mechanism for knowl-
edge representation when expert knowledge is available but do not
possess capabilities for automated learning. Neural networks on
the other hand have powerful mechanism of learning from sample
data when expert knowledge is limited, but do not possess knowl-
edge representation capability. ANFIS overcomes the limitations of
both techniques, offering particularly strong system identification
technique when the relationship between input and output is not
trivial. This means that ANFIS is able to build a fuzzy rule base and
tune the parameters of the membership functions from a given set
of input/output data.

ANFIS is a five layered structure, having different nodes in each
layer connected with the nodes from the previous level receiving
input signals coming from the output signals from the previous
level, as given in the Fig. 1.

The rule base consists of Takagi-Sugeno type rules. A typical rule
with two input and one output variables in this model is:

Rulei: if x; is A; and x, is B; then f;=pjx1 +qixa+T1;

The parameters of the membership functions are tuned in learn-
ing cycles that can employ either back-propagation or hybrid
learning algorithm. The hybrid algorithm is a combination of
back-propagation and Least Square Error (LSE) algorithm. It uses
two-pass learning cycle, a forward and a backward pass. In the for-
ward pass LSE algorithm is used to tune the consequent parameters
in fuzzy rules. In the backward pass, the premise parameters of the
rules are tuned using a back-propagation algorithm (usually Gra-
dient Descent). The complexity of the rule base depends on the
number of input variables and the number of values in term sets.

4. Research design of the ANFIS model for QoE prediction

The ANFIS model for QoE evaluation was developed in the fol-
lowing steps:

Step 1: Definition of input/output variables and collection of
data sets

Step 2: Initialization of the system structure and training the
ANFIS

Step 3: Evaluation of the system performance

The Matlab Fuzzy Logic Toolbox is used for definition, training
and evaluation of the system.

4.1. Definition of input/output variables and collection of data
sets

Following the literature review we defined a set of seven pos-
sible input variables, attempting to incorporate both objective and
subjective aspects influencing student’s perception in technology
aided educational process. Objective variables are defined regard-
ing the NQoS parameters: Packet Loss (PL), Latency (Lat) and Jitter
(Jit). The values for objective variables were collected from the net-
work log readings obtained from the 96 videoconference and video
streaming sessions that were held during this case study. The least
favorable value from the transmitted (Tx) and received (Rx) streams
during each session was used during the calculations, since the
highest value determines the variance in networking performance.

Subjective variables regarding the personality traits Neuroti-
cism (N1) and Extroversion (E3) are defined according to HANES
methodology [1]. The values for N1 and E3 were obtained from the
scores of HANES personality tests completed by the 142 students
involved in this study.

The HANES methodology evaluates the results from the HANES-
1 and HANES-2 on [1-9] scale and classifies the degree of
neuroticism and extroversion as given in Table 3.
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Input mf Rule

Output mf

Input Layer Layer 1

Layer 2

Layer 3 Layer 4 Layer 5

Fig. 1. The graphical representation of six input ANFIS system.

Table 3
The classification of neuroticism and extroversion in HANES methodology.

N1, E3 Extremely below average Below average

Average Above average Extremely above average

Score 1 2,3

4,5,6 7,8 9

Learning style variable (VARK) is defined according to VARK
methodology [11]. VARK methodology recognizes 23 learning style
profiles as given in Table 4.

The model outputs a single variable (QoE). The values for the QoE
variable were obtained through age-appropriate questionnaires
which were designed and interpreted following the methodology
givenin[29].Inlike manner, the students were able to grade QoE on
a five-point Likert scale [26] after each learning session, while pro-
viding feedback on questions which reflected students’ satisfaction
regarding the learning environment and their beliefs for increased
efficiency and productivity. The mean value of the feedback scores
was used as overall perceived QoE.

The complete list of I/O variables is given in Table 5.

The complete /O data set of 1704 vectors was obtained from
the evaluation of 142 students, engaged in 6 games on classes with
2 media types (VC and VS). The complete data set was randomly
divided into training data set of 1000 data rows and the checking
data set of 704 data rows.

Table 4
Learning style preferences according to VARK methodology.
Learning style preference Profile Value
\% Visual (very strong, 1,2,3
strong, mild)
A Aural (very strong, 4,5,6
strong, mild)
R Read/write (very 7,8,9
strong, strong, mild)
K Kinesthetic (very 10,11, 12

strong, strong, mild)

Bimodal VA, VR, VK, AR, AK, RK 13,14,15,16,17,18
Trimodal VAR, VAK, ARK, VRK 19, 20, 21, 22
Multimodal VARK 23

4.2. Initialization of the system structure and training the ANFIS

The FIS structure to be used in ANFIS learning cycles can be ini-
tialized using grid partitioning or subtractive clustering algorithm.
The grid partitioning algorithm generates rule base by enumerat-
ing all possible combinations of membership functions of all inputs,
leading to exponential growth of the rule base referred as “curse
of dimensionality”. Subtractive clustering is a one-pass algorithm
for estimating the number of clusters and the cluster centers in a
dataset. The subtractive clustering algorithm efficiently generates
significantly smaller rule base depending on a predefined cluster
radius.

Having the “curse of dimensionality” limitation when more than
5 variables are used for grid partitioning of the initial FIS structure
in Matlab, we had to reduce the input variable set to the four most
influential inputs to the desired output. The heuristic method for
input selection proposed by Jang in [20] reduces the input vari-
able set by constructing several ANFIS models with smaller number
of input variables from the initial set, and estimates the training
Relative Mean Square Error (RMSE) in one training epoch for each
evaluated model. The model that produces smallest RMSE in one
epoch is assumed to outperform the other models after further
training as well.

We used exhsrch command of Matlab to evaluate 35 ANFIS mod-
els from the initial 7 variables. The model having N1, E3, VARK and
Jit variables produced the smallest RMSE in one training epoch.
Therefore it is reasonable to assume that these input variables are
most influential to the desired output.

We constructed three ANFIS systems: ANFIS-s7 with seven input
variables (N1, E3, VARK, Jit, PL, Lat, CT) using subtractive cluster-
ing; ANFIS-g4 and ANFIS-s4 with four input variables (N1, E3, VARK,
Jit) using grid partitioning and subtractive clustering respectively.
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Table 5

List of ANFIS 1/0O variables.
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Variable name Description Type Source Range of values
PL Packet loss (Tx/Rx) Objective Network log [0-8] %
Lat Latency (Tx/Rx) Objective Network log [0-1213] ms
Jit Jitter (Tx/Rx) Objective Network log [0-240] ms
N1 Neuroticism Subjective HANES personality [1-9]
test
E3 Extroversion Subjective HANES personality [1-9]
test
VARK Learning style Subjective VARK [1-23]
questionnaire
CT Content type Objective constant values: [1-3]
1 - logical
2 - visual
3 - social
QoE Quality of Experience Output Questionnaire [1-5]
Table6 each epoch until around epoch 50 when it slightly increases (Fig. 2).
The comparison of ANFIS-s and ANFIS-g structure. This indicates that 50 epochs are optimal choice for our model train-
ANFIS-s7 ANFIS-g4 ANFIS-s4 ing because further increase of the training epochs may produce
No. nodes 426 305 197 model over fit.
No. linear parameters 208 675 95
No. nonlinear parameters 364 42 152 .
Total no. parameters 579 717 247 4.3. Evaluation of the system performance
No. training data pairs 1000 1000 1000
No. checking data pairs 704 704 704 Model validation evaluates how well the model predicts the out-
No. fuzzy rules 26 135 19 put values of a data set on which the FIS was not trained. This type
No. training epochs 50 50 50

ANFIS-s7 and ANFIS-s4 are constructed with 0.42 range of influ-
ence of data cluster centers. ANFIS-g4 is constructed using three
triangular membership functions for N1, E3 and Jit variables and
five triangular membership functions for VARK variable.

The initial structures of ANFIS systems are given in Table 6.

The initial systems are trained using the anfis command in 50
epochs with 0 error tolerance. The training process stops when the
training error becomes less than the predefined error tolerance, or
after the number of training epochs is reached. When the training
process is finished, the initial membership functions which best
suit the training data are identified and the model is ready for use.
During the training process the checking error slightly decreases in

Training (blue) and checking (green) error cuive

T T T T T T T T T

%
Yogg
Rau T RV ECRVEVRVE VRSV

Errors

041 b

0.35

I bs's'eear\: —

0 5 10 15 20 25 30 35 40 45 50
Epoch humbers

Fig. 2. Comparison of training and checking errors from ANFIS-g4.

of validation is appropriate when the training dataset is fully repre-
sentative of the features of the data that the trained FIS is modeling.
Model validation may be performed using a separate checking data
set to control the potential of the model over fitting the data. Over
fitting occurs when the obtained model describes random error
or noise instead of the underlying relationship. In our model the
dataset of observations is randomly separated into training dataset
and checking dataset for model validation. The size of the dataset
of observations is relatively large to the number of parameters of
the system to ensure that the training dataset is representative of
the resulting model, and the checking dataset is distinct from the
training data to ensure that the validation process is not trivial.

5. Results and discussion

The performance of the ANFIS-s7, ANFIS-g4 and ANFIS-s4 are
estimated using Root Mean Square Error (RMSE), Mean Absolute
Percentage Error (MAPE) and Coefficient of Determination (R2)
measures.

RMSE, MAPE and R? are defined as:

RMSE — %Z(Qp(i) — Qo(i))?
i=1

N0 -
MAPE — n; ’QD(I,) 100

n
R?=1- g%; where SSres= Z(Q"(i) —Qu(i))*; SStot =

i=1
S (Quli) ~ Qofi))”
i=1

Qp(_i) and Qy(i) are predicted and observed outputs respectively,
and Qq(i) = 1371 | Qoli).

The comparison of the results is given in Table 7.
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Table 7
The comparison of RMSE and MAPE of ANFIS-s7, ANFIS-g4 and ANFIS-s4.
ANFIS-s7 ANFIS-g4 ANFIS-s4
Training RMSE 0.6079 0.3236 0.5264
Checking RMSE 1.7398 0.7094 0.7381
Linear regression RMSE 1.3278 0.8906 0.8906
(against checking data)

Training MAPE 12.2483 4.6263 9.1210
Checking MAPE 102.3401 16.5258 12.3196
Training R? 0.4927 0.8244 0.5353

The results show that ANFIS-g4 and ANFIS-s4 with 4 input
variables outperform ANFIS-s7 with 7 input variables. This result
supports the assertion that appropriate input selection is essen-
tial for proper system modeling. Excessive number of inputs can
impair the model and increase complexity of the system. Three of
the four most influential input variables to the student perception
expressed as QoE are of subjective nature, supporting the literature
findings on the influence of personality traits and learning style
on the student satisfaction and academic performance. Our study
shows that subjective factors have greater impact on the perceived
QoE, than the objectively measured network parameters. ANFIS-g4
and ANFIS-s4 produce lower RMSE compared to the linear regres-
sion RMSE against checking data, which clearly indicates that ANFIS
models with four input variables outperform the linear regression
model.

ANFIS-g4 with grid partitioning produces lowest training and
checking RMSE, and lowest training MAPE. ANFIS-g4 also produces
the highest R? value, having the quadruple of variables (N1, E3,
VARK, Jit) explaining approximately 82% of the variance in QoE on
the training dataset, thus contributing the goodness of fit of the
ANFIS-g4 model. These results lead to conclusion that ANFIS-g4
gives the best QoE predicting performance among the assessed sys-
tems in this study. The R? value of 82% produced from ANFIS-g4 is
comparable to the R? findings (up to 87%) reported in comparative
studies [5,23].

The error curves and comparison of actual and predicted out-
put values from ANFIS-g4 are given in Figs. 2 and 3, respectively.
Fig. 2 shows that after 15 epochs of training, error curves remain
stable until around epoch 45 when the checking error curve starts
to rise, signalizing model over fit. Therefore, the model produces
best results with approximately 40 epochs of training.

Observed (green) and predicted (blue) output values
55 T T r T T T T T T

QoE

1 1 1 1 1 1 1 1 |
‘500 510 520 530 540 550 5B0 570 580 590 BOO
input vector

Fig. 3. Comparison of actual and predicted output values from ANFIS-g4.

VARK 2 E3

Fig. 4. Effect of VARK and E3 on QoE.

The effects of the input parameters on the QoE are depicted by
the ANFIS-g4 surfaces given on the Figs. 4-6 respectively. The sur-
faces are obtained by varying two parameters and keeping the other
two fixed. The surface on Fig. 4 shows that students with mul-
timodal learning style and very strong extrovert personality trait
produce the highest QoE values. Surface on Fig. 5 shows that lower
values for neuroticism combined with average and above extro-
version values results in highest QoE perception. Fig. 6 shows the
negative effect of the jitter on the perceived QoE.

6. Comparison with other prediction models

To further investigate the relationship between input variables
used in ANFIS model and perceived QoE, we performed linear
regression LR-7 on the complete set of 1704 input vectors, as given
in Table 8.

The results of t-statistics and their associated 2-tailed p-values
used to estimate the effect of the independent variables (predictors)
on the resulting QoE, are given in Table 9. The null hypothesis states
that given coefficient is equal to zero at alpha level of 0.05, which
means that the corresponding variable has no effect on the model.

The p-values for a, b and c coefficients (N1, E3 and VARK vari-
ables) are lower than the alpha value, which leads to conclusion

E3 2 2 N1

Fig. 5. Effect of N1 and E3 on QoE.
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Fig. 6. Effect of N1and Jit on QoE.

Table 8
The linear regression model LR-7.

LR-7

Independent variables N1, E3, VARK, CT, PL, Lat, Jit

Dependent variable QoE

Regression equation QoE=a*N1+b"E3 +c*VARK+d*CT
+e*PL+f"Lat+g'Jit+h

F-value (ANOVA) 10.819
p-value (ANOVA) 0.000
RMSE 0.7977
R? 0.043

that they are significantly different from zero. The p-value for the g
coefficient (Jit variable)is greater than the alpha level, meaning that
it is not significantly different than zero. The LR-7 model indicates
that from the set of seven independent variables, the most influ-
ential on the perceived QoE are N1, E3 and VARK variables. This is
compliant with the choice of subjective variables in construction
of the ANFIS-s4 and ANFIS-g4 models. Besides subjective variables,
ANFIS-g4 and ANFIS-s4 models include the Jit variable as influential
to the perceived QoE. Having the results in previous section con-
firming that ANFIS-g4 and ANFIS-s4 produce lower RMSE than the
corresponding linear regression RMSE, we conclude that ANFIS is
appropriate modeling technique for QoE prediction in education.
The results of our study are comparable with the results given
in [21,23] in terms of RMSE and R2. The framework given in [39]
proposes QoE prediction based on construction of a QoE space
with arbitrary k-dimensions representing the parameters that
potentially affect video quality in video streams. However these
studies are mostly concerning the QoS parameters affecting video

Table 9
The t-statistics on LR-7 coefficients.
Variable LR-7
Reg. Coefficient t-value p-value
coefficient value
(Constant) h 4291 33.773 .000
N1 a —-0.043 —3.608 .000
E3 b 0.028 2.678 .007
VARK c 0.017 5.939 .000
CT d —-0.002 —-0.098 922
PL e 0.000 -0.676 499
Lat f 0.000 -1.799 .072
Jit g 0.002 1.412 158

quality. Our study makes an attempt to give a broader view on QoE
assessment in technology aided education by examining the sub-
jective factors concerning personality and learning style altogether
with the objective network factors. Our results are compatible with
the findings in the sociological studies regarding the influence of
personality and learning style on student’s satisfaction and aca-
demic success.

7. Future work

The case study given in this paper presents the results of the
proposed ANFIS system for QoE prediction based on the experi-
ences of the primary school students participating in the study.
To further explore the capability and efficiency of the proposed
ANFIS system, we performed an additional QoE study including 95
students from the Faculty of Computer Science and Engineering
that enrolled “Search Engines” and “Designing Dynamic Web Sites”
distance learning courses, set up on the faculty’s Moodle interac-
tive e-learning platform. In the later study we introduced 9 input
variables to the ANFIS system. Besides the objective NQoS input
variables (PL, Lat, Jit) and the subjective Learning Style (VARK) vari-
able, we introduced the “Big Five” personality traits (Neuroticism,
Extraversion, Openness, Agreeableness and Conscientiousness) as
subjective input variables, assessed using the revised NEO per-
sonality inventory (NEO-PI-R) [42] that was completed by each
student participating in the study. The ANFIS system in the later
study with 9 input variables produced compliant values (training
RMSE =0.6949, checking RMSE = 1.3883, training MAPE =13.8198,
checking MAPE =40.5256) with the corresponding values reported
in the present study. The preliminary results reveal that the
network jitter (Jit), as well as the Extraversion, Openness and Con-
scientiousness personality traits are the most influential factors on
the student’s perceived QoE. However, the study yet to be com-
pleted aims to deeply explore the other factors such as the influence
of the quality of instructional material and the instructor’s teaching
style on the QoE. The path analysis techniques will be employed to
explore the correlations among the input variables in the system, as
well as the correlation between the QoE and academic performance.

8. Conclusion

This paper presented a neuro fuzzy model of Quality of Expe-
rience prediction for students in a blended learning environment
that utilized technology enriched classrooms including videocon-
ferences and video streaming lessons. We explored variety of
factors influencing perceived QoE, aiming to construct a model that
would incorporate both objective factors affected by the under-
lying technology and subjective factors affected by the student
individual preferences and expectations. Our findings suggest that
in a controlled network environment, the perceived QoE is mostly
influenced by the factors of subjective nature determined by the
person’s personality traits and learning style. The influence of the
underlying technology was mostly apparent through variations of
the network jitter. While retaining the subjective perception as
main QoE determinant, this model overcomes the low cost effec-
tiveness of the MOS related models by offering a priori prediction
of the student satisfaction with a given technology enriched educa-
tional setup. The ANFIS based QoE prediction produced better RMSE
than the linear regression prediction model, and a satisfactory R2
value (0.8244) for a social science research.

In our further work we will explore the correlation between
the perceived QoE and the academic performance of the students
involved in the study. The findings will be utilized to classify the
students in few stereotype groups, in order to provide appropri-
ate learning environment to each group that would produce best
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results regarding the student satisfaction and academic perfor-
mance.

Having the initial encouraging results from the ANFIS based
QoE prediction model, further application of the model might be
extended to other areas, especially ones that use videoconferenc-
ing and streaming as underlying technology. In business this model
can be customized to provide the most suitable training platform of
the employees scattered on different locations. Receiving instruc-
tions for online services or products might be another possible area
of application. The system can be retrained using a dataset collected
from different network conditions and volunteers participating in
an online survey to collect their personality traits as well as the
experienced satisfaction with different setups, in order to obtain
conclusions for the QoE of different profiles of users. Online rental
services offering electronic content may also benefit from a system
that would estimate the QoE of their users.
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