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Abstract — E-learning educational systems are constantly being evaluated in a tepmdoomance, availability and their
capacity to meet the end-users needs at the end. Technical behavioegdfittment, infrastructure-related parameters, overall
QoS performance are lacking sufficient information about theuseid* experience. This paper explores videoconferencing
implementation of an e-learning system, considering both neceycontrols (of the underlying videoconferencing
infrastructue) and students’ QoE perception (of the achieved learning). We propose basic and extended QOE measurement
methods. In the basic model, we combine two different techniques bassdveys and cognitive interviewsr students’
evaluation in order to decrease the measurements errors and progde nesults. The extended approach based on ANFIS
neuro-fuzzy model, is used to identify the causal relationship betweenpgarameters of both objective and subjective nature,
and the resulting QoE. The extended model uses the QoE estimatiomé tastic model as a subjective input variable to the
system To evaluate results of the basic model and support our claims, test expesroentucted with videoconferencing
application in two combined learning sessions, while gathered informaigrocess through the proposed basic QoE
measurement model.
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1. Introduction Therefore, our research focuses on the relation between

Videoconferencing is a mature technology and is uséhe.technicgl Pparameters and subjecti.ve students’ perception,
heavily for different applications, since there are increasi hile providing prelm_1mary analysis that can_determlne some
reasons for people to meet in real time with one anoth the factors that influence successful videoconferencing

while reducing travel and associated costs. These applicati«g?‘?ss\??j Iearm?g propesst; icall tes t int i
cover collaborative sessions between two or more parties, \deoconterencing basically creates two-way, interactive

distance-learning course delivery, internal/external corporage!dio/video session, so its proper application depends from
e performance of infrastructure within the system. When it

communication, general meetings etc. Videoconferencirj_f - : : :
utilized in an educational system, correct teaching

session is a rich media experience that integrates audio, vidéo ) X )
roach should be taken, while classroom equipment in a

and personal computer content and supports far grea?é)rp

interaction than is otherwise possible from man%)rm of cameras, microphones and software/hardware, should

synchronous and asynchronous technologies. e properly planed in the learning environment. Quality of

Distance learning educational systems are becoming moﬁ.grvice (QoS) control must b_e present as set .Of requirem(_ents
popular in recent years while utilizing different forms oithat needs to be met by the infrastructure, wh||_e tre_ansportmg
electronically  supported learning and teachingt.he data stream from the source to the destination. These

Videoconferencing provides collaborative sessions betwe8fPVISIONING methods have to include various aspects like

two or more involved parties, so it is often utilized in thd\etwork-based QoS ~ (NQoS), ~ Application-based QoS

educational process while bringing the teacher asasource(%pos) and accordingly, overall QoS results as a

information and the students, together in a ‘same summarlzatlon of th‘_’se parameters. . . .
environment’ for a learning session. Therefore an effective Still, the evaluation of the technical aspects is lacking

approach must be taken; proper factors must be evaluatedSYfficient evidence of the ser’s quality perception and
erience from the whole process.

the videoconferencing based e-learning systems can prov o _
ITU-T has proposed several subjective quality

successful learning process at the end. ; : L
Videoconferencing has a close connection to th@ssessment methods for multimedia applications [12], [13].

technological equipment and the underlying transpoﬁven mlofre, ITU|',T Rgcomm?nda;ion G..1010 [2] has defiped
infrastructure. These factors influence the overall quality & model for multimedia Quality of Service (QoS) categories,

the learning process during a videoconferencing sessions. g‘hh('c_h reflect end.-user expectaulon for arange of muIt|med|a
the distance learning models are not only dependent from lﬂ@phcat]ons, while - defining e'ght d'St'_nCt technological
technological factors. They have close connection fptegories base_d on tolerance to _|nformat|on loss.

students’ engagement, students’ technical background, Recently using a fully user-oriented approach, researches

motivation to learn, students’ behavior and expectations from have ex;.)lored. social element. and stude?nts subjective
the learning process expectations, in terms of Quality of Experience (QoE) [1][8].
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Even though there is extensive research in this field in tiretworking facilities related to QoE, and Application-based
last years, only limited numbers of studies have produc&bS (AQoS) services which must be often present, so
information about the close relation between the technicpbsitive QOE is available from the videoconferencing
parameters which are objective and measurable, and 8essions.
subjective parameters in a form of end-user expectation and Test experimental was performed to provide preliminary
QoOE. results, evaluate the proposed models and explore the

In this paper, while focusing on videoconferencing basa@lationship between the technical performance of the system
educational system, we analyze the necessary QoS contintsl the studentgerceived QOE.
that should be present to assure sufficient performance
which provides quality videoconferencing service, and the#-1. NQoS and AQoS Provisioning and Controls
close relation with the students QOE. The presented basic Videoconferencing offers real-time collaborative and
QoE model encompasses survey based and cognitiméeractive communication, so the delivery and the
interview basedwesults, as a measurement of the students’ performance of the equipment, influence the whole process,
learning experience in such environment. The extendedhen utilized in the educational systems.
approach based on ANFIS neuro-fuzzy model, identifies the NQoS provisioning and controls must be present [4], [9],
relationship between input parameters of both objective asd the platform can provide predictive and stable behavior
subjective nature, while using the QoE estimation from thguring each session. The large amount of data within the
basic model. converged network may introduce bottlenecks at certain part

During the research process, test experiment wa$ the infrastructure, so appropriate measures must be taken
performed, which provided information and results from twin advance, to avoid the problems that may occur and provide
combined learning session that included videoconferencisgable, efficient, cost-effective solutions. Thus each system
between universities in two different countries. The testhould have a proper NQoS policy in place which can
experiment’s sessions produced different results, since the provide reliable delivery of multimedia data over the
live technical behavior is always depended from the&ansport infrastructure. This policy should include
infrastructure. The students’ perceived QoE also varied in  classification and provisioning of the overall traffic through
each different session, so obtained information was used foe infrastructure and proper controls to minimize the
analysis and evaluation of the proposed basic QOE modekency, jitter, and packet loss as possible. Context-aware
The real time feed from the sensoend the instruments NQoS approach provides even better results while
logs in the infrastructure, for the QoS performance, afatroducing business intelligence built on the learning session
compared to the QoE evaluation. needs.

The paper is organized as follows: in section 2 the AQOoS in a systems focuses on the embedded mechanisms
research methodology and objectives are presented; analyséthin an application, developed to preserve the quality of its
test results and findings are given in section 3, while sectigmtended use. Sometimes middleware are developed [10],

4 concludes the paper. [11], [14] to follow the predefined behavior of the
applications and also produce results that are aligned to the
2. Methodology and Objectives dynamic requirements of the eneders while using the

Stakeholders of the institutions that deliver distanc@PPlication by situation analysis. . I
educational programs are always interested to determine !N the videoconferencing based platforms, AQoS deals
factors that can increase the quality of the learning processWith ~ dynamic  bandwidth allocation, ~ adaptive

proper call signaling, video error

Videoconferencing platforms are often deployed withiffeding/decoding, , _ _ , \
such institutions, so different educational methodologig®ncealment etc. Services like media handling, end-point

which are focused on collaboration can be developed. Thd§distration, call admission and capabilities exchange can be

challenging learning environments must be well defined wighPtimized with AQoS. When u_tilized in a learning session,
gven though students are not directly aware, the accuracy and

all of its building blocks, such as coding/decoding engines,’=" " = ¢ g
centralized management, gatekeepers, cameras, microphdfagPility of these services directly affects students QOE.
Therefore, when properly deployed, NQoS and AQoS

etc. The network infrastructure that provides transport over . e
the distance must be properly positioned, so it can provi§@mplement each other within the system, thus optimizing

necessary service and performance. Still, those institutiolf¢ Performance features, which is reflected in better end-

that deliver distance educational programs and are able 43¢ experience at the elnd. Hodol Hrouah series of
understand importance of the successful students’ learning Following a path analyses methodology, t rough seres o
experiences will be the leaders in the e-learning area. tests, we have produce results that emphasize the connection

So, the main objective of utilizing video conferencind€ween the overall QoS as objective factor in a
infrastructure in the educational programs is to increase tHQeoconferencmg base_d system and t_he perce|yed students
quality of the learning process by providing factors fofQOE as subjective. This paper contalns_ a”a'YS'S_ and test
increased students QoE. Of course, these factors can rg@_ul_ts from such test experlment scenario, which illustrates
elaborated in wider scale, but we try to distinguish thg€finite QOS/QOE connection.
important parts and develop QoE measurement model tf}a& QOE Measurement
provides proper results. - , o

Therefore the paper contains brief Network-based IP Recently different systems and applications are constantly

Quality of Service (NQoS) analysis, which discusseB€ing evaluated from end-users point of view. QOE
measurement refers to evaluation of the systems in a term of
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end-user experience dnexpectations of the systems’ In our proposed model, we summarize the positive
delivery, availability and performance. Whenanswers of both survey techniques, so we can reach a final
videoconferencing is introduced in the learning environmerfdOE measurement (represented @5 with non-response
students QoE measurement can provide theoretical apgiustment through the following equation
practical significance. = (X*Y 4 Vv

Undoubtedly the QoE is influenced by different factors, Q= (XX +Y*Y1)/2 (3)
like preV|ou§Iy gtated QoS/QoE connectpn, dur!ng a learning \yhere X, represent response rate for survey based
session. Still, since QOE measurement is subjective, propflestions andY, response rate for the interview based
models should be developed that can ideally produegproach. We have decided to give equal weight &mdY,
transparent measurements, which are independent from #wen though through series of te¥t,can be emphasized
actual environment. through ponder, since moderator’s explanation and guidance

In our research methodology, we are employing twBlight introduce more accurate results, than the survey based
approaches for QoE evaluation. The basic model considéfProach. _ _ o
integration of the survey based evaluations and cognitive WNen the QOE measurement in (3) is applied in the e-
interviews after each learning session. The main objective [fRMiNg system based on a videoconferencing platfor!n, we
this approach is to decrease the measurements errors §itjcvaluate the systems capabilities to meet the students
provide proper results. In the extended model we construcfgauirements. Therefore, if such system is subjected to
hybrid neuro-fuzzy inference controller that is able to predi@mulations and tests before it is utilized in the learning

the overall QOE in accordance to the objective parametdtC€ss, while using the proposed QOE measurement, we can
concerning video/audio quality and QoS, as well as tfyedict how the system will behave when implemented in the

subjective parameters concerning the human perception '6fMiNg environment.

the service. The r(_asu!ts obtained from_the basic model will (_32_2_ The Hybrid Neuro-fuzzy QoE Model

reused as subjective input parameter in the extended model. ]

Our goal is to compare the results from the both approaches,!n the extended approach we are employing an ANFIS
and possibly provide a cost effective user oriented Qo@daptlve Neuro Fuzzy Inference System) controller that

solution for different education scenarios. operates in two phases: learning and application phase. The
main objectivein conceptualization of this approach was to
2.2.1. The Basic QoE Estimation Model identify the causal relationship between the parameters that

The standardized survey based questions can cover largfifCct the QoE and the overall perceived QoE. To meet our
scope for evaluation, but may introduce some level QPi€ctive,we need to employ mathematical model capable

inaccuracy due to misunderstanding of the questions or lagknuman knowledge representation to address the subjective

of motivation to fully participate, from the students’ point of naturg of Qol;havmg in mind that the t,ra_qltlonal machine
view. Conducting flexible interviews with larger audience i4€aming techniques do not offer the flexibilty knowledge
more difficult to implement, but can provide differentePresentation. ANFIS is a hybrid neuro-fuzzy inference
measurements, since students will be able to understand ${8t€M that possesses ability to learn from sample data, as
purpose of the questions as the survey designers intended. Well s structured knowledge representation [15], [16].
Furthermore, since we have chosen a path analyses modelln 0Ur ANFIS based model for QoE estimation, a five
that uses both techniques, a survey non-response adjustmitygred network  structure is proposed, each layer
[3] is also needed to produce more accurate results. Theref6pgtaining ~ nodes  of  different  structures  and
incomplete survey’s data (some students may decide not to connections. The input signals for, every node come
answer all the questions) is corrected during the calcutationf"om the output signals from the previous level. _
QoE has subjective nature, so questions have to be In the Iee_lrr.un.g phase we employ a specialized Ie_arnlng
prepared in advance and presented to the students FaFthod to minimize the system error by back propagating the
evaluation. In the survey based approach, these questions&fa" Signals, i.e. to update system parameters as to reduce

distributed to the students, while in the interview based thd()e System errog(k) which is the difference between the
are read and briefly explained by a moderator. system outpux(k) and the desired outpyi(k). The rule base

Let N represent the number of a survey based questipnsCONSists of first ordeBugeno type rules.

the value of variabla for uniti, whilei=1 ... N, and let The learning cycle is a two-pass, a forward pass and
a backward pass. In the forward pass, an automatic Right
X =ZN:></ N (1) Hand Side (RHS) tuning of the rules by using Least Square
-y Error (LSE) algorithm (off-line learning) is done. In the

backward pass, the Left Hand Side (LHS) tuning of the rules
isdone by using back-propagation algorithm.

In the application phase, the neuro-fuzzy model obtained
irathe learning phase is used to generate control actions, i.e.
0 tune the system parameters in order to obtain the desire
% h in ord btain the desired
QoE in the given setup of the system.

To define the extended system, three major steps should

M be done:
- 2
Y= z y/M @) 1. Identification of the input variables

y=1 - . .

2. ldentification of the output variable

represent mean value &f which represents the positive
answers in the survey based questions.

Following the same example, whevl represents the
number of questions asked during the interview bas
evaluationsy, the value of variablg for unitj, whilej=7 ...
M, we get the mean value wthrough similar equation
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3. Rule base definition 2.2.2.20utput variable identification

. . o A single output variable Qois identified at the output.
2.2.2.1Input variables identification The QoE is subjective and measured with the Mean Opinion
In the process of identification of the input variables w&core (MOS) scale. MOS is recommended by ITU-T P.800
were guided by the researches that define the parameters fah subjective appraisafl a test panel with values from 1 to
mostly affect the QoE [17]. The input variables are classifiegl \where 5 = excellent, 4 = good, 3 = fair, 2 = poerbad

as objective and subjective. [17]. The minimum threshold for acceptable quality is 3.5.
Thefollowing objective input variables are identified:  Therefore, our objective is to keep the MOS value for QoE
- Visual quality above the value of 3.5.
- Audio-video synchronization
- Network QoS 2.2.2.3Rule base definition
- User Synchronization In the first-order Sugeno fuzzy model with six input

variables and one output variableonsists of rules of the

as well as the subjective input variables: following type:
- User perception o i ] )
- Material quality Rule i: if x is Ay and % is By and % is G and x% is D and %

is E and % is F thenfi=pix;+qXoH iXa+MXs+NiXs+SiXeH ;

Once we have identified the input variables, we need to In the ANFIS model the rules ardearned from the
define the corresponding term sets. The term set for eagiven sample input-output data pairs in the learning cycle.
input variable in our system consists of the terms {poomhe parameterg, g, |;, m, n;, S, r; are the coefficients of the
sufficient, good}. The membership functions are of bell-linear functionf; that are to be determined and tuned during

shaped type, i.e. expressed as the forward pass of the learning cycle. They represent the
relationship between the input pattern and the output from the
_ __ 1 (4) i-thrule
u(x)=bell(xabc)=——— .
1+ x=c

2.2.2.4The system layers

The ANFIS based structure consists of five layers, each
Where the parametec defines the center of the Jayer containing nodes of different structures and
membership function (MF), parametedefines the width of connections. The input signals for every node come from the
the MF, and the parametey defines the slopes at theoutput signals from the previous level. The output fromithe
crossover points, i.e. the points at which the membership node ink-th layer is noted ;.
function gets value of 0.5. The graphical representation of the system is given in
The parameters;, by, for each membership function in Figure 2:
this level are called premise parameters. The total number of

a

premise parameters is calculated as a prokim¢p wherek Input mf Rule Output mf
is the number of parameters in the bell functionis the 7o -
number of input variables; arlis the number of values in - s
the term set of each input variable. In our model we ha ® ®
k=3, n=6, p=3 thus having a total of 3:6-3= 54 premise x: . :
parameters. ‘ : : \ Output
Graphical representation of the bell-shaped function “* : : - % o
given in Figure 1: TR e ° , @
ki LXs 1= E §
7 T, slope=-bi2a = g s
T T
o A PN . Input Layer  Layer | Layer 2 Layer 3 Layer 4 Layer 5
e € cra x Figure 2. The graphical representation of ANFIS systéth six input
| 2a | and one output variable.

Figure 1. Bell-shaped function. LayerO: input variables layer

The crisp values for the objective variables are taken from
the technical values for a concrete setup of the system.

The crisp values for the subjective input variatiléser
perceptioii in the extended model are used from the results; . S
for the QoE estimatioim the basic model variables represents a node in this layer.

. ' — The Output of this layer is the membership value of the

In a similar manner the values for the other subjective :

. o . o . input from the previous layer.
variable*“Material quality” will be obtained through a survey
given to the participants.

Layer 1- Fuzzification layer: In this layer the membership
functions and the term sets of each variable from the previous
I[%yer are defined. Each value from the term sets of the input

Layer 2: Every node in layer 2 represents the firing
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strength of each rule using the product (or soft-min) of g Videoconferencing
incoming signals as an output signal. RsITE2
Oz mWi=Hai(X0)- Hei(X2) - HoilXa) - BoilXe) - HeilXs) - Hei(X6)  igeoconferencing WidRE o reclig

Room 1

Layer3: This layer is called aormalization layerhaving
in mind thatevery node represents the ratio of the node’s
firing strength to the sum of altules’s firing strengths.
Outputs of the nodes are called normalized firing strengths.

% ):‘ N
st 4 Transport @ Y

Infrastructure
— Wi
Oz =W = '
Layer 4: The O3; from the previous layer weighs the . g
result of its linear regression e
. Gatekeeper
fi=piXatQixotl XstmiXstNiXstSixetr; in the fourth layer called Gateway
the function layergenerating the rule output e Management center
— — Figure 3 The architecture of the videoconferencing platfased in the test
Oy =W fi =W (P X + G X + i X3+ MX, + N X5+ §X +17) experiment.

Layer5: Output parameter is the overall output as sum of

. ] . i Overall QoS policy was design to meet the experiment
all incoming signals from layer 4, i.e.

objectives while providing proper treatment of the
— ziwlfi videoconferencing traffic through the infrastructure. The
Os; = Ziw' fi = Z—W sophisticated networking equipment was aligned according to
1 this policy, so the infrastructure itself was tailored in a
context-aware NQoS approach for optimal performance.

2.3 Test .Experlment o ~ AQoS mechanisms were also prepared and tested in
Following the methodology and the objective presented iyyance, so they can be fully utiized during the test

this paper, test experiment was conducted, so the propoggderiment. Video error concealment, error correction and
claims can be evaluated. This test experiment evaluai@mamic bandwidth allocation were implemented through the
overall aspects of QoS implementation, the close QoS/Qfgeoconferencing platform, so the delivery of rich media can
connection and subjective QoE measurement following thg optimized towards the different videoconferencing nodes
proposed method. situated at different geographical locations. AQoS was also
Videoconferencing  platform = that connects severgiyplemented to optimize the processing delay and limit the
universities through live transport infrastructure was used fftency of signaling, while improving signaling reliability.
videoconferencing solutions, to enhance a learning Sessio The NQoS and AQoS controls complemented each other
between two classrooms in different locations. This platforlauring the test experiment, thus optimizing the performance
has a central location, which houses the Media control Ui, res in order to improve the students’ perceived QoE.
(MCU), gateways, gatekeepers, central management ceni@gq|-time feed from the sensors and the equipment in the

and several conferencing rooms connected through tU%eoconferencing platform was gathered, so proper
central site. The management center consists of interconnggtclation can be made with the students’ subjective

bridge, which can interconnect the videoconferencingnpressions during the learning sessions.

platform with remote stations, that might or might not be & oy the test experiment purposes, videoconferencing was
part of a closed user-group, via playing the role of @gseq in a combined learning session which included students
gatekeeper utilizing the standard signal protocols such fi§m the University of (F) and students from the University
H.323. For the video encoding/decoding, the platform utilizess (S). Total number of students was 45, which had different
standard H.264 protocol and vendor proprietary Siren22 as @itural backgrounds (they came from two different
audio protocol. The test experiment was conduct with highyyniries), different nationalities (five different nationalities

quality video at 1920 kbps call rate for optimal usef, total) and were attending different fields of study (two
experience. A video recording and streaming equipment dgerent curricula were engaged).

also present at the central location, so each learning sessionyithin this experiment, we conducted two video
can be recorded, edited and deployed to wider audience @ferencing learning sessions, with the same participants,
content available to students at any time after the session. \yhich following educational methodology which promoted
Figure 3 illustrates the architecture and the components Mfjiaporation among students. The first session delivered
the videoconferencing platform used in the text experiment.jecture from (S) to (F), and the second one was dedicated for
giving lecture from (F) to (S).

To properly evaluate the videoconferencing educational
system in the test experiment, each learning session was
designed to start with 30 minutes of presentation from the
remote lecturer through videoconferencing, which followed
30 minutes of presentation from a local lecturer at each site.
It gave the students opportunity to follow hybrid course in an
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e-learning and facts-face environment, so they can properly Through the test experiment, overall QoS and QoE

evaluate the distance learning presentation on similar togi@glowing the proposed method in (3) were evaluated, so our
compared to the local one. claims can be confirmed through practical implementation.

Following our methodological approach, for both Iearnin%_msmce both learning sessions produced different results for

sessions, we have prepared survey questions and intervidfy Performance of the videoconferencing platform and
Fansport infrastructure from one side, and the students

based evaluatian . subjective experience from the other, they provided valuable
Table 1 lists the survey based questions, that Welighut in our analysis and research finding.
analyzed through the (1) equation. After each learning session, monitoring information from
the infrastructure through the management center (placed at
Table 1. Survey based questions site (S)) was collected and analyzed. Table 3 represents the
statistics for the technical behavior, regarding the overall QoS

x variable Question performance, during the learning sessions:
x1 Did you think audio quality was good?
X2 Did you think video quality was good? _ Table 3. Overall QoS performance during the learseggions
3 Did you find the quality of the presentation over - -
videoconferencing sufficient? Maxmur;/ Maximum Jitter MaX|mumk
4 Was the videoconferencing response time adequa Latency (Rx/Tx) (Rx/Tx) msec Pfrcen}?F;/a_I(_: ety
promote students participation? msec 0ss ( X)
Were the technical directions for the VC from
156/180 26/45 0.5/2.4
x5 videoconferencing session sufficient? (S)to (F)
The interview based questions, listed in Table 2 werfe/c from 25065 18/10 0.9/0.2
conducted by the moderator, and were later analyzed throldh) to (S) T

the (2) equation.

The moderator was able to briefly introduce the The results show that the system was behaving differently
evaluations, its purpose and explain each quesifon during each session, but still within the expected
necessary. The interview was performed to the whole groggrformance. The average results correlate to the maximum
and the students’ positive answers to the questions were —numbers for both sessions. Since both NQoS and AQoS

noted and evaluated through the research findings. mechanism were in place, unexpected behavior was avoided
and the provided service was acceptable. Even though the
Table 2. Interview based questions system was aligned to the same overall QoS policy, the
videoconferencing platform and the service from the live
y variable Question transport infrastructure provided different results. This was
y1 Were you able to maintain the attention level? expected, so the monitoring information from the different
y2 Was it easy to concentrate during the learning learning session could be compared to the students QoE.
session? i After each learning session, interview based evaluation
y3 Were you able to follow teacher’s explanation? | was performed according to Table 2, which produced values
y4 Did you find it easy to ask questions and get requi . . .
answers? for yl1 to y6 used in (2). At the end, web link with survey
V5 Were you able to interact with the remote site? guestions listed in Table 1, was provided to the students
v6 Did you observe educational advantages in the us{ ~ Which produced values forl to x5 used in (1) The x values
this methodology? produced information about user perception for the technical

Both learning session followed similar pedagogical BVC from (S) to (F
methodology, while the participating students had similar O VC from (F) to (S
technical background. The students were not aware of th&001
technical measures in the form of QoS provisioning and 98 ]
controls, or the proposed QoS/QOE relation that was subjected,
for evaluation. They were simply participating in a learning gg 4 -
session and were positively motivated to experience theso {— —

videoconferencing integration in the learning process. The40 1+ —
instructors did not influence studéntresponse to the 20 T —
guestions. o —

0 . . . . .
3. Research Resultsand Findings 1 X2 3 " x5 Xi

QOE is conceived as a multidimensional concept [7] that js . . :
not so easy to evaluate. Since it is consisted of both object?/%hzﬁir gf ;:e ;/I?ltlaeoczr(lifaerer}fc:;r;gapla;tf:cr}rp aanrzld yt:l?iaLL:e’s
(e.g. infrastructure-related parameters, technical behavior Oerien%e du(r)ilr11 the Il)ear r%i?\g sessli)cr))noin enera? ents
the equpment, etc.) and subjective (e.g. user-related, teachifig” 9 9 9 ‘

methodology, contextual) aspects, it is difficult to represen ugé%l#geai agiig\;geu;fsuﬁlifhthig;:gﬁs provided by the
QoE with one single measurement. P a '

Figure4. Students’ provided values fox;.
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. The research in this paper focuses on the necessary QoS
B VCfrom (S) to (F controls and provisioning that are needed in a
O VC from (F) to (S videoconferencing based e-learning system. The proposed

100+ basic model of QOE measurement represents early stage
28 ] developed model for evaluation, which will be extended in the
70 L future with the neuro-fuzzy moderhe results obtained from

60 4 ] L the basic model will be reused as values for a subjective input
50 4 i parameter in the extended model. Together with the
40 H — — measurable objective parameters obtained from the visual
30 1 — — quality metric, audio/video synchronization, network QoS and
20 1 ] — the estimated parameter for the educational material quality,
18 T ] B we will extend the model of QoE estimation by training and

vi testing a hybrid neuro-fuzzy system with the most relevant
yl y2 y3 y4 y5 y6 parameters that affect the QoE.
Figure 5 Students’ provided values for yi. The test experiment has shown the close relation of
Qo0S/QoE. Those institutions that understand the need for
Table 4lists summary of the findings for the students’ constant evaluation and improvement of the student perceived
perceived QOE, represented as a QoE measurement deri@ed will be the leaders in the distance learning field in the
from the studentsevaluation, calculated through the (1), (2)future. The QoE measurement models can be used to evaluate

(3) equations (with non-response rate included). students QoE, which can provide preliminary results and
guide institutions for future positioning and development.

Table 4.Students’ perceived QoE during the learning sessions .
4. Conclusion

Xvalue | Yvalue .

in (1) in (2) Qvaluein (3) This paper focuses on user oriented approach when
VC from (S) . . . . videoconferencing system is utilized in the e-learning process.
to (F) 74% 66% (7470.95 +66*1.00)/2=68% |  \We proposed two approaches for QoE as measurement for
VC from (F) , . stucknts’ experience that should be taken into consideration
to (S) 84% 2% (84*0.90 +721.00)/2=73% |  when e-learning systems are being evaluated.

The proposed basic QOE measurement model combines
The test experiment was conducted to evaluate t}iﬂetegrated survey based evaluations and cognitive interviews,
Q0S/QoE relation in an actual scenario, while putting iﬁvaluated through a test bed scendricaddition to the basic

practices the proposed mathematical model for basic Qé@iqel't.we proposfan extindedhANFlslbasgd m0d§| forIQotE
measurement. In this example, the percentage of positi Imation, operating in two phases. learning and application

answers to the elaborated questions was calculated throlgiSe- I the learning phase we use the results from the basic
the equations. This approach could be extended wh odel and extend it with the variables affecting the overall

introducing scale of grades for each question, but we belie E. . . . . .
that this simplified approach gives also accurate results, which | iS Paper also contains NQoS analysis, which discusses
are sufficient for the basic QoE estimatidine students were NeWorking facilities related to QOE, and AQoS services
simply expressing their positive or negative experience duri lich must be often present, so positive QOE is available for
the test experiment for the asked questions, without worryinfg!Ce/video sessions.
of the grading scale that should be applied for each question, " our future work, we plan to further extend the QoE
The results listed it Table 4 show that second learnifgeasurement model and test its behavior while utilizing
session produced higher level of QoE among the students. Bhg@ady implemented videoconferencing platform.  We will
students perceived quality and performance of the technicaintinue to use the proposed models to retrieve results that
equipment, combined with overall experience during theill help us in the development of Qd&QoE mapping
Iear_ning session reached higher level of positive answeiRjorithm and QOE estimations, which can considerably
during the second session. improve governance and management of the e-learning

b The tesr: experSiment hals confikr]m_edlthe (f:lose relatio?srg stems.This can help institutions that deliver distance
etween the QoS contrals, technical performance of t ucational programs, in proper positioning towards the

system and the students perceived subjective QoE. Bath. . LS A
learning sessions followed similar pedagogical methodologg jective/subjective factors and their future development for

but the difference in performance of during the first learningccessful educational process.

session, resulted in lower level of QoE. The proposed basic

QoE measurement method produced results that were clodelsfer ences

correlated to the overall QoS performance. They have ShOYiF A. Takahashi, D. Hands, and V. Barriac, "Standatitin activities in
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In [5] a methodology of video-stream Output at théz] ITU-T _R(:icommendation G.1010, "End-user multimedia QoS
receiver for enhancing QOE is proposed, while QoE jg, ¢ategories’, 2001. ) . .
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