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ABSTRACT

Continuous monitoring of achieved level of service qual-
ity in packet-switched networks represents an activity of
major importance for network and service providers. This is
paramount for network resources provisioning which have to
satisfy expectations of fickle customers. However, providing
enough resources to specific user does not automatically in-
crease their Quality of Experience (QoE), hence understand-
ing of the relationship between these two is crucial in the
network management process. Essentially, this requires
subjective testing of service quality which is usually done in
controlled environments such as laboratories. Nevertheless,
the most accurate subjective evaluation of QoE includes re-
al-life experiments in the environments where the services
are actually used. Therefore, the aim of this paper is to pro-
vide a review of the current state-of-the-practice in evaluat-
ing QoE in real-life environments.
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1. INTRODUCTION

In the last 5 years we have witnessed a rapid ex-
pansion of different services which can now be used
on many different devices, platforms and networks.
A few years ago a mobile phone and a portable com-
puter were able to satisfy almost all communication
needs of a typical user. Nowadays, the functionality of
smart phones is miles away from old mobile phones.
Concurrently, tablets occupied a segment of a market
which was nonexistent in the past, different computer
producers are making lighter portable computers (e.g.
nettops) which combine the best features of desktop
computers, tablets and smartphones, etc. All of these
devices are connected to the Internet which makes
good ground for development of new markets by offer-

ing services like office in the cloud, web storage, me-
dia sharing and others.

On their path from origin to destination, IP pack-
ets are liable to traverse through several network sec-
tions of (sometimes) different network and Internet
service providers, resulting in a network delay and
packet loss, which are common anomalies in today’s
packet-switched networks such as the Internet. These
anomalies may cause the degradation of service qual-
ity and this has adverse effect on the user satisfac-
tion. As elaborated in [1], the key question in IP-based
networks is how to achieve certain level of Quality of
Service (QoS) and, at the same time, keep the related
costs acceptable for all subjects on the telecommuni-
cation market (end users, network and service provid-
ers).

Since different applications react differently to net-
work anomalies it is useful to categorize them. In [2]
six application classes are defined based on their net-
work performance demands which are expressed by
the maximum values of the following QoS parameters:
delay, delay variation (jitter) and packet loss. In gen-
eral, there are two mechanisms which may be used
to satisfy QoS demands of specific applications. The
first one is the Integrated Service model (IntServ) de-
scribed in [3] and the second one is the Differentiated
Service model (DiffServ) described in [4]. However,
these models are only partially implemented in cer-
tain network segments. Hence, the Internet network
still provides only the Best Effort type of service where
there are no quality guaranties whatsoever.

In this environment, where a spectrum of devices
and services coexists with no real quality guarantees
from the network, it is important to understand how
the users perceive the service quality, especially when
it is degraded. This information is crucial for the net-
work and service provision, because efficient resource
provisioning and QoS management are one of the
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paramount factors of success on competitive market
filled with fickle customers. However, providing enough
resources to specific user does not automatically in-
crease their level of satisfaction, because looking from
their perspective it is absolutely irrelevant how a spe-
cific service is delivered or what the structure, design
and/or performance of the network and its segments
is. What matters most is the service quality on the ap-
plication layer [5]. This fact was also stressed by Bai
et al. in [6] who concluded that it is perceptual qual-
ity, rather than network-perceived service quality, that
determines the success or failure of a network. Similar
to these findings, Digital Subscriber Line (DSL) forum
experts stated that subscriber is indifferent about how
quality is achieved. Their sole interest is whether or not
the service meets their expectations [7].

In the light of these statements, it is also note-
worthy to mention that Ghinea et al. found that video
quality perceived by the viewers depends not only on
picture and audio quality, but also on the viewer’'s age
group and type of content which they were testing [8].
Similar results were presented by Dick et al. in [9].
While experimenting with real-time network games,
on a sample of 8 players, they showed that under the
same network conditions (delay and delay variation)
the quality of the game play experience varies between
the players. Conversely, the group of authors in [10]
showed that players will continue to use the applica-
tion even though the values of QoS parameters are to
a relatively large extent lower than the defined QoS de-
mands of specific application. This is because they do
not want to end their session. In [11] it is emphasized
that the results of a video quality analysis may depend
on the viewer’s experience and expectations. We also
refer the readers to the work of Kemp (ref. no. [12])
who studied the impact of price of service on user sat-
isfaction, as well as [13, 14, 15] where the impact of
content quality and diversity was analyzed.

In addition to these findings another emerging
problem is highlighted: ranking of network param-
eters by their importance. For instance, Ghinea et al.
concluded in [13] that some QoS parameters affect
the user perception more than others. As an example
they described the case of video quality evaluation:
the viewer will hardly notice that one of 25 fps in a
video clip was missing during playback, but it is most
likely that they will immediately detected any type of lip
synchronization problem. In [16] it is reported that the
users will be more forgiving if the picture is delayed in
relation to the sound, compared to the opposite situa-
tion. Finally, we will mention the work of Menkovski et
al. who concluded that it is highly inefficient to assign
resources to a user if they will not notice the improve-
ment [17].

Since it is evident that many quantitative and quali-
tative parameters are important in the evaluation of
service quality and that analysis of QoS parameters

does not constitute all important elements, another
term was defined: Quality of Experience (QoE). The
QoE concept provides a holistic view on the evaluation
of service quality and imposes certain requirements to
the evaluation methods. One of these indispensable
requirements is the need to move the experiments out
of the artificial environments (laboratories) and into
more natural surroundings. Hence, in this paper we
will try to provide a review of state-of-the-practice in
subjective evaluation of QoE in real-life environments,
where the services are actually used. The remainder
of this paper is structured as follows. Section 2 briefly
describes the QoE concept and the changes which it
introduced. Two main types of methods for evaluation
of service quality are discussed in Section 3, while
Section 4 is devoted solely to subjective evaluation of
QoE in real-life environments. Section 5 brings conclu-
sions as well as the outline of our future research in
this field.

2. THE QoE CONCEPT
2.1 Definitions of Quality of Experience

After more than a decade of testing the quality of
various services, the understanding of this process
was profoundly changed and up-scaled. This is why
we first start by providing a short background of QoE
concept. In 2006 Lopez et al. defined QoE as “an ex-
tension of the traditional QoS in the sense that QoE
provides information about the delivered service from
an end-user point of view” [18]. Soldani et al. in [19]
stated that “QoE is how a user perceives the usabil-
ity of a service when in use - how satisfied he/she is
with a service in terms of, e.g., usability, accessibility,
retainability and integrity.” International Telecommuni-
cation Union (ITU) mentions QoE for the first time in
[20] where QoE is defined as “the overall acceptability
of an application or service, as perceived subjectively
by the end-user.” Two additional notes were given to
that definition. First one stresses that QoE includes
the complete end-to-end system effects (client, termi-
nal, network, services infrastructure, etc.). The second
one is more user-oriented and emphasizes that overall
acceptability may be influenced by user expectations
and context.

The European Telecommunications Standards In-
stitute defined QoE as “user perceived experience of
what is being presented by a communication service
or application user interface” [21]. According to the
DSL forum QoE is “the overall performance of a sys-
tem from the point of view of the users. QoE is a mea-
sure of end-to-end performance at the services level
from the user perspective and an indication of how
well the system meets the user’'s needs” [7]. Similar
to the QoE definition of DSL forum experts, Joskowicz
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et al. in [22] defined QoE as “overall performance of a
system, from the user perspective.”

In 2010 Moller provided a more hedonistic defini-
tion of QoE: “Degree of delight of the user of a service.
In the context of communication services, it is influ-
enced by content, network, device, application, user
expectations and goals, and context of use” [23]. To
our knowledge the latest step towards defining the QoE
was made in 2012 by the group of experts of the Euro-
pean Network on Quality of Experience in Multimedia
Systems and Services. They accepted and expanded
the Moller’s definition by concluding that “Quality of
Experience is the degree of delight or annoyance of
the user of an application or service. It results from
the fulfilment of his or her expectations with respect
to the utility and/or enjoyment of the application or
service in the light of the user’s personality and cur-
rent state” [24].

ItisevidentthatQoEisnotuniformlydefined,because
the understanding of it is still evolving. However, vari-
ous authors and research organizations emphasized
that QoE focuses on the user (subjective) perception
about the quality of service/application; in contrast
to mere objective evaluation of QoS parameters. The
definitions stress the importance of end-to-end service
quality since the typical users are not bothered with
achieved performances of specific network segments.
It could be said that QoS provides an insight into net-
work level service quality, while QoE gives information
about the quality on the service level. Some authors
call this service level the new pseudo-level and claim
that it represents the expansion of the application
layer in a way that it includes user perception (e.g. Nie-
blas et al. in [25]).

Figure 1 depicts the scope of QoE evaluation. This
representation corresponds to the aforementioned
QoE definitions, because it implies that a much
broader context has to be taken into account. Achiev-
ing the desired level of QoE of specific service still
undoubtedly requires a certain level of network per-
formances in access and core network (which can be
measured), but QoS parameters are no more the only
merit of success. Different psychological measures
also affect the user QoE, such as previous user ex-
perience with the service and its expectations, inter-
nal state (condition, feelings) and other parameters
which have to be investigated through subjective
tests (usually via surveys).

2.2 Changes in the technological environment

Even if the quality of many different services had
been tested on many different devices and networks
long before the advent of the QoE concept, it can be
debated with relatively strong arguments that only af-
ter the introduction of QoE, the term quality was prop-
erly understood. Primarily, the QoE concept promotes
a layered view on service quality, but this time these
layers are not confined by, for example, classical views
of the OSI model. The concept encourages holistic and
above all interdisciplinary evaluation approach [26]. To
this end, we quote Kilkki, one of the leading experts in
this field: “QoE is everything that matters.”

Due to its innovativeness, it is clear that QoE also
caused certain changes in the technological environ-
ment. Some of them are:

- Convergence from QoS application demands to-
wards QoE demands. As Khorsandroo et al. ex-
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Figure 1 - The scope of QoE evaluation
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Figure 2 - Criteria for choosing the evaluation method (based on the work of Kunze et al.)

plained in [27], QoE demands should be the pri-

mary target of the future DiffServ mechanisms.

- The network capacity should be desighed to ac-
commodate QoE demands, but this does not nec-
essarily mean that QoE demands are stricter com-
pared to QoS demands.

- New capacity allocation techniques and admission
control mechanisms should be developed in mo-
bile networks where the performances are under
high impact of radio conditions experienced by the
users (see the work of Larté in [28] and [29]).

- Revision of pricing policies is needed as indicated
in [30].

- New objective and subjective methods for evalua-
tion of QoE should be defined in order to take into
account the factors influencing the user QoE.

To cope with these changes a series of interdisci-
plinary meetings was launched. The idea is to bring
experts and practitioners in this field together with
social scientist, psychologists, marketing experts etc.,
and to discuss issues and challenges within QoE do-
main. The meetings are often held as part of scientific
conferences, forums, workshops and similar events.
First of these meetings was held in Leibniz in 2009.
As Fiedler, Kilkki and Reichl report in [31], during this
meeting it was stressed that QoE introduced quite an
amount of changes in the technological environment
and that considerable efforts needed to be invested in
defining the QoE and methods for QoE evaluation, as
well as to investigate its impact on the market, econo-
my and standardization.

3. METHODS OF QoE EVALUATION

Depending on the type of parameters which are
measured, there are two methods which can be used

in the evaluation of service quality: objective and sub-
jective method. Parameters that are measurable (e.g.
with instruments) and for which a performance value
is assigned quantitatively may be classified as objec-
tive parameters, while subjective or qualitative param-
eters are those which can be expressed using human
judgment and understanding [32].

Over the years numerous studies developed a wide
spectrum of evaluation methods. Some authors, like
Perkis et al. in [33], emphasize that this variety caused
a problem: by using the same evaluation methodology
on the same type of service, different authors get dif-
ferent results. This problem was earlier identified by
the group of authors in [17] who stressed that a more
holistic evaluation approach was needed. In this re-
spect, the work of Kunze et al. in [34] can be helpful.
After surveying telecommunication experts they listed
14 selection criteria by their importance (Figure 2). The
criteria may be used when choosing the appropriate
evaluation method. The criteria which were not indi-
cated by the experts (Other) were: Validity, Reliability,
Objectivity, Generalizability, Representativeness, Re-
sults, Consistency/Credibility, Thoroughness, Robust-
ness and Fairness.

3.1 Objective methods

The main goal of every objective evaluation method
is to try to develop a method which could, to some ex-
tent, provide similar results like subjective tests with
actual users of the service. This is simply because
subjective tests are often high-demanding in terms of
required resources. There are three main categories
of objective methods, depending on the availability of
the original, non-processed signal (e.g. audio or video):
a) Full-Reference method; b) No-Reference method;
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c) Reduced-Reference. Furthermore, five types of ob-
jective models exist today: a) media-layer models; b)
packet-layer models; c) bitstream-layer models; d) hy-
brid models; d) planning models. Media-layer models
use actual media signals as their input, packet-layer
models use only information from the header of IP
packets, while bitstream-layer models take not only
the encoded bitstream information, but also the pack-
et header information as its input. A hybrid model is
the combination of the previously mentioned models.
It employs as much information as possible to predict
QoE. The input for planning models includes the qual-
ity planning parameters of networks or terminals. Such
models can be applied to network planning and termi-
nal/application design [22].

In our view, hybrid models that use quantitative
(objective) and qualitative (subjective) inputs are par-
ticularly interesting for QoE evaluation. Nowadays, a
considerable effort is being invested into the develop-
ment of such models (read e.g. [17, 35, 36, 37, 38]).

3.2 Subjective methods

By accepting the definition of a speech quality test,
defined by Jekosch in [39], ITU-T in [40] categorizes
subjective evaluation methods into two categories:
analytical and utilitarian ones. The analytical methods
are used when the goal is to test the user perception
about the quality on a full set of quality characteris-
tics, while the utilitarian method is used when it is
necessary to test only one quality characteristic or the
whole service quality. The most precise method for any
quality evaluation, therefore also for the evaluation of
QoE, will always be subjective methods, because sub-
jective tests are the only available tool for data collec-
tion about user expectations, opinions, perception and
experience about the service. Furthermore, subjective
methods are complementary to objective methods, be-
cause, as mentioned earlier, hybrid objective models
can also use the results of subjective tests in order to
derive QoE score more accurately. This is why objective
methods will never be able to fully replace subjective
tests.

In general, subjective methods require building a
panel of human observers. During subjective testing
the observers use the service/application after which
they fulfil the questionnaire about the service quality.
The most common used merit of the level of subjective
quality is Mean Opinion Score or MOS.

Since the QoE evaluation methods evolved from
QoS evaluation methods, often the subjective testing
of QoE takes place in a laboratory. Usually, the proce-
dures of these tests are rigorously defined by differ-
ent recommendations and standards of international
organizations. However, services are not used is such
artificial environments. Since the QoE includes such a

wide range of factors, we believe that most accurate
evaluation of QoE can only happen in real-life environ-
ments.

4. EVALUATION OF QoE IN REAL-LIFE

It might be surprising to discover that not so many
subjective evaluations of QoE were conducted in real-
life environments. This is also indicated in 2012 by Van
den Broeck et al. in [41]. There are two main reasons:
a) it is simpler to conduct subjective tests in the labo-
ratory; b) due to very well defined and detailed proce-
dures, results obtained from subjective tests conduct-
ed in the laboratory can be easily compared to each
other.

To our knowledge, one of the first real-life subjec-
tive tests of QOE was conducted by Reichl et al. in
[42]. The service in the focus was the mobile multi-
media streaming. They installed two cameras and a
WiFi transmitter on a woman’s hat. The woman was
wearing the hat during her everyday routine (leisure,
shopping etc.), as well as when she was using the
aforementioned application (e.g. while waiting at a bus
station). The cameras were recording her facial expres-
sions and the signal was transmitted to the nearby op-
erator equipped with storage devices. Later, the stored
video could be analysed in order to determine the de-
gree of the woman’s enjoyment, frustration, boredom,
etc. The authors call their unusual approach LiLiPUT
(Lightweight Lab Equipment for Portable User Test-
ing in Telecommunications). Given the fact that this
method is highly impractical, it can be said that the
primary objective of their research was to encourage
future real-life experiments.

The same type of application was analysed in [43]
by Jumisko-Pyykkd et al., but with more test subjects.
There were two groups of test subjects. The subjects
in the first group used the application on a train sta-
tion, in a bus and in a coffee shop. During multime-
dia streaming sessions the quality of 60-second video
clips was degraded by packet loss rates of 1.7%, 6.9%,
13.8% and 20.7%. The length of the time interval
when the loss occurred varied between 1, 4, 8 and 12
seconds. The second group of test subjects viewed the
same video clips under the same network conditions,
but in controlled environment. The results showed that
the first group of users did not notice so many impair-
ments as the second group, i.e. the QoE score of the
first group of users was higher. In their conclusions the
authors confirmed the earlier findings of Kaikkonen et
al. from [44]: results of laboratory tests can suggest
that a specific service or application needs higher QoS
demands than it is actually the case. Hence, Kaik-
konen et al. raise a question of usability of such experi-
ments (results). Lastly about the research of Jumisko-
Pyykko et al., it is stressed that the evaluation of QoE
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by using short video clips (60 seconds) does not quite

match the real-life quality perception, i.e. in real-life it

is necessary to increase the duration of test sequenc-

es, as indicated in [45].

Staelens et al. in [46] and [47] report on the re-
sults of the evaluation of QoE of full-length movies,
whose quality was degraded in several segments by
introducing packet loss and using video coded with
lower bit rates. After receiving the copies of a DVD
video, the test subjects were asked just to watch the
movie as they would normally do (e.g. in the comfort of
their home) and to evaluate its quality after watching
by completing the questionnaire (users were ignorant
about the topic of the questionnaire prior to watch-
ing). Concurrently, the tests were conducted in the
controlled environment with the second group of test
subjects. The obtained results differed substantially.
In general, the first group evaluated the quality of a
DVD movie higher compared with the second group. In
addition to the author’s findings, it has to be stressed
that human short-term memory is one of the factors
which surely affected the results. This conclusion was
drawn based on the results of Jelassi et al. in [48]
who tested the QoE of a VolP service. It should also be
stressed that even if the tests were conducted in natu-
ral environment, where users normally consume this
kind of video content, the impact of the social context
and the user habits were not analysed (the importance
of these factors was highlighted in [49, 50]).

In [51] the authors developed and distributed to 30
test subjects a mobile application which was capable
of monitoring the device activity and QoS parameters
during the day. Moreover, at least three times a day
the application activated a short questionnaire on
the user device. The users were asked to quickly rate,
on a scale from 1 to 5, the quality of a mobile ser-
vice which they just finished using. Once a week, an
interview with test subjects was conducted in order to
collect the data about social context in which specific
services were used (were they alone or not) and the
user physical condition (e.g. were they driving, walk-
ing or sitting during the service usage). Among several
conclusions drawn by these authors the following two
are pointed out:

1. The users who use a specific type of application on
their computers, rate mobile version of that appli-
cation poorer, i.e. their previous experience signifi-
cantly affects their QoE of mobile applications.

2. Based on a routine of the user it was evident that
different sets of applications were used in the
morning, in the evening, in the car and outside the
office. The authors conclude that the user rating is
influenced by the user’s environment and the im-
portance of the mobile application to the task at
hand.

Strohmeier et al. in [52] subjectively evaluated the
user QoE while they were watching 3D video content in

a coffee shop. The authors claim that this is the envi-
ronment in which this type of content is normally con-
sumed, although we cannot completely agree with that
claim. The quality of the content was not degraded in
any way. Contrary to the conclusions reported in [43,
44, 46, 47], Strohmeier et al. state that there were no
real differences between the results of real-life and
laboratory testing.

The QoE of web browsing sessions was evaluated
by Ataeian et al. in [53]. The authors designed an add-
on application which was installed in web browsers of
35 test subjects. During browsing sessions, the appli-
cation recorded the response time of web sites and
collected quality scores from the subjects for each re-
sponse time experienced (more than 1,000 data pairs
were obtained). Based on the collected data, the au-
thors develop fuzzy membership functions of different
fuzzy sets. Each response time was assigned to one
or more fuzzy sets (five fuzzy sets were defined, from
MOS 1 to MOS 5).

Finally, in [41] the quality of a multimedia stream-
ing of Koksijde City Council meetings was analysed.
In total, 42 test subjects were asked to watch live
streams of the meetings from their homes and rate
their quality. Since this was a specific type of content,
the users stressed the importance of audio quality, so
the authors devoted their attention only to this aspect
of the service. However, the authors were unable to
connect QoS parameters experienced by the users
with QoE scores, since they did not have the informa-
tion about the network performances during multime-
dia streaming sessions.

5. CONCLUSION AND FUTURE WORK

The QoE concept brought a new perspective to the
evaluation of service quality and defined new require-
ments in terms of data collection, because the analy-
sis of QoE has to include a set of concatenated ob-
jective and subjective parameters. Maybe the biggest
turnaround in evaluation methodology is the fact that
quality must be assessed in real-life conditions and
not only in laboratories. As indicated by several au-
thors, the differences between the results obtained in
these two environments are substantial, which raises
the question of usability of specific methodologies. In
general, in real-life environments the users are more
forgiving to the quality impairments. In addition, real-
life experimenting can give an insight into the social
context in which the services are used, user condition
(physical and psychological) etc.

From the presented review it is noticeable that the
evaluation of multimedia content in real-life environ-
ment gained the momentum over the last 2-3 years.
This is something that could have been expected sim-
ply because the Internet traffic today contains a sig-

260

Promet - Traffic&Transportation, Vol. 25, 2013, No. 3, 255-263




M. Matulin, S. Mrvelj: State-of-the-Practice in Evaluation of Quality of Experience in Real-Life Environments

nificant amount of compressed video traffic. The ac-
cessibility of broadband access in fixed and mobile
networks, together with the development of various
devices (smart phones, tablets, smart TV, etc.), cer-
tainly affected the popularity of multimedia streaming
service.

However, it was also noticed that the majority of
subjective QoE evaluation methods still rely on labo-
ratory tests. As result, we did not come across to any
objective evaluation model which would use the re-
sults of subjective tests, conducted in real-life envi-
ronments, in its inference system (e.g. for training the
neural network or for defining the rules of machine
learning or fuzzy based inference system). Therefore,
in our future research we will try to develop such a
model which could be used for the evaluation of QoE
of multimedia streaming service. We plan to create
an emulated network environment and stream one
hour HD videos between two computers connected in
a peer-2-peer connection. The emulated environment
will enable full control over the QoS parameters. Dur-
ing streaming, we plan to degrade the video quality by
introducing various packet loss rates. The degraded
video will be stored also in HD format. Several seg-
ments of the degraded video (of different lengths)
will be inserted in the original video. These videos will
be recorded on DVD and distributed to test subjects
who will watch and rate it at home. Their video quality
scores together with known values of packet loss rate,
length of the time interval in which the loss occurred
and the number of those intervals in one video, will be
used to develop a hybrid objective model whose infer-
ence system will be based on fuzzy logic. The question-
naire will also contain questions about social context,
user condition, their previous experience and expecta-
tions as well as user perception about the magnitude
of quality degradation, etc. Fuzzy logic is chosen for
two reasons: a) QoE parameters are fuzzy in nature;
b) fuzzy inference system operates with linguistic vari-
ables which is convenient when conclusions have to
be drawn based on the combination of objective and
subjective input parameters.
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SAZETAK

TRENUTNA DOSTIGNUCA U EVALUACLJI ISKUSTVENE
KVALITETE USLUGE U STVARNOM OKRUZENJU

Kontinuirano pracenje dostignute razine kvalitete poje-
dinih usluga u paketno-komutiranim mreZama predstavija
aktivnost od velike vaZnosti za davatelje usluga i mreZne
operatore. To je kljuéno za proces dizajniranja mreze i
osiguravanja mrezZnih kapaciteta koji moraju zadovoljiti
ocekivanja prevrtljivih korisnika. Ipak, pruziti dovoljno resur-
sa odredenom korisniku ne znaci da ¢e se njegova ili njena
iskustvena razina kvalitete usluge (Quality of Experience -
QoE) automatski popraviti. Stoga je razumijevanje odnosa
ovih dvaju faktora klju¢no u procesima upravljanja mrezom.
U sustini, to zahtijeva subjektivna ispitivanja kvalitete koja
se uobiCajeno obavljaju u kontroliranom okruZenju kao Sto
je laboratorij. Medutim, najtoCnija subjektivha evaluacija
iskustvene kvalitete usluge ukljuCuje provodenje eksperi-
menata u stvarnom okruZenju, gdje se usluge i koriste. Stoga
je nas cilj u ovome radu pruZiti pregled trenutnih dostignuca
u pogledu evaluacije QoE u stvarnom okruZenju.

KLJUCGNE RIJECI

iskustvena kvaliteta usluge, evaluacija, subjektivne metode,
stvarno okruzenje

REFERENCES

[1] Mrvelj, S.: Dynamic capacity allocation in the Internet
node according to service requirements, Ph.D. Thesis,
Faculty of Transport and Traffic Sciences, Zagreb, 2008

[2] ITU: End-user multimedia QoS categories, ITU-T Rec.
G1010, International Telecommunication Union, 2001

[3] Braden, R., Clark, D., Shenker, S.: Integrated Services
in the Internet architecture: an overview, RFC 1633,
Internet Engineering Task Force, 1994

[4] Blake, S., Black, D., Carlson, M., Davies, E., Wang, Z.,
Weiss, W.: An architecture for differentiated service,
RFC 2475, Internet Engineering Task Force, 1998

[5] ITU: Communications quality of service: a framework
and definitions, ITU-T Rec. G.1000, International Tele-
communication Union, 2001

[6] Bai,Y., Chu,Y., lto, M. R.: Dynamic end-to-end QoS sup-
port for video over the Internet, International Journal
of Electronics and Communications (AEU), Vol. 65, pp.
385-391, 2011

[7] DSL Forum: Triple-play services quality of experience
(QoE) requirements, DSL Forum WT-126 v.0.5, Digital
Subscriber Line Forum, 2006

[8] Ghinea, G., Thomas, J. P.: QoS impact on user percep-
tion and understanding of multimedia video clips, Pro-
ceedings of ACM Multimedia ‘98, Bristol, pp. 49-54,
1998

[9] Dick, M., Wellnitz, 0., Wolf, L.: Analysis of factors af-

fecting players’ performance and perception in mul-

tiplayer games, Proceedings of the NetGames 2005,

Hawthorne, New York, 2005

Henderson, T., Bhatti, S.: Networked games - a QoS

sensitive application for QoS insensitive users?, Pro-

(10]

Promet - Traffic&Transportation, Vol. 25, 2013, No. 3, 255-263

261




M. Matulin, S. Mrvelj: State-of-the-Practice in Evaluation of Quality of Experience in Real-Life Environments

(11]

[12]

(15]

[16]

(17]

(18]

(19]

[20]

(21]

[22]

[25]

[26]

ceedings of the ACM SIGCOMM 2003 Workshops, Karl-
sruhe, Germany, 2003

ITU: Subjective video quality assessment methods for
multimedia applications, ITU-T Rec. P.910, Internation-
al Telecommunication Union, 2008

Kemp, A.: Getting what you paid for: quality of service
and wireless connection to the internet, International
Journal of Information Management, Vol. 25, pp. 107-
115, 2005

Ghinea, G., Angelides, M.: A user perspective of quality
of service in m-commerce, Multimedia Tools and Ap-
plications, Vol. 22, pp. 187-206, 2004

Udo, G. J., Bagchi, K. K., Kirs, P. J.: An assessment of
customers’ e-service quality perception, satisfaction
and intention, International Journal of Information
Management, Vol. 30, pp. 481-492, 2010

Quax, P., Monsieurs, P., Lamotte, W., Vleeschauwer,
D., Degrande, N.: Objective and subjective evaluation
of the influence of small amounts of delay and jitter on
a recent first person shooter game, Proceedings of the
SIGCOMM 2004 Workshops, Portland, Oregon, 2004
Lassalle, J., Gros, L., Coppin, G.: Combination of physi-
ological and subjective measures to assess quality of
experience for audiovisual technologies, Proceedings
of the Third International Workshop on Quality of Multi-
media Experience, Mechelen, pp. 13-18, 2011
Menkovski, V., Exarchakos, G., Liotta, A., Cuadra
Sanchez, A.: Estimations and remedies for Quality
of Experience in multimedia streaming, Proceedings
of the Third International Conference on Advances in
Human-Oriented and Personalized Mechanisms, Tech-
nologies and Services, Nice, pp. 11-15, 2010

Lopez, D., Gonzalez, F., Bellido, L., Alonso, A.: Adap-
tive multimedia streaming over IP based on customer-
oriented metrics, Proceedings of the 7" International
Symposium on Computer Networks, Istanbul, 2006
Soldani, D., Li, M., Cuny, R.: QoS and QoE management
in UMTS cellular systems, Wiley, Chichester, 2006

ITU: New definitions for inclusion in Recommendation
ITU-T P.10/G.100, ITU-T Rec. P.10/G.100, International
Telecommunication Union, 2008

ETSI: Review of available material on QoS requirements
of Multimedia Services, ETSI TR 102 479 V1.1.1, Euro-
pean Telecommunications Standards Institute, 2006
Joskowicz, J., Carlos Lopez Ardao, J.: A general para-
metric model for perceptual video quality estimation,
Proceedings of the 2010 IEEE International Workshop
Technical Committee on Communications Quality and
Reliability (CQR), Vancouver, 2010

Moller, S.: Quality Engineering — Qualitat kommunika-
tionstechnischer Systeme, Springer, Berlin, 2010
Qualinet: Qualinet white paper on definitions of Quality
of Experience (Output version of the Dagstuhl seminar
12181), available at:
http://www.qualinet.eu/images/stories/whitepa-
per_v1.1_dagstuhl_output_corrected.pdf (accessed:
March 2013)

Nieblas, Z. M., Bressan, G.: A proposed approach for
Quality of Experience assurance for IPTV, Proceedings
of the First International Conference on the Digital So-
ciety, Guadeloupe, 2007

Reichl, P.: From ‘Quality-of-Service’ and ‘Quality-of-
Design’ to ‘Quality-of-Experience’: a holistic view on fu-

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

[36]

(37]

(38]

(39]

[40]

[41]

ture interactive telecommunication services, Proceed-
ings of the 15™ International Conference on Software,
Telecommunications and Computer Networks, Split,
pp. 1-6, 2007

Khorsandroo, S., Md Noor, R., Khorsandroo, S.: A
mobility framework to enhance Quality of Experience
through Quality of Service, Proceedings of the Inter-
national Conference on Innovation, Management and
Technology Research, Malacca, 2012

Latré, S.: Autonomic QoE management of multimedia
networks, PhD Thesis, Universiteit Gent, Faculteit Ing-
enieurswetenschappen en Architectuur, Gent, 2011
Latré, S., De Turck, F.: Autonomic Quality of Experience
management of multimedia networks, Proceedings of
the Network Operations and Management Symposium
(NOMS), Maui, pp. 872-879, 2012

Reichl, P., Maillé, P., Zwickl, P., Sackl, A.: On the fix-
point problem of QoE-based charging, Proceedings of
the 6th International Conference on Performance Eval-
uation Methodologies and Tools, pp. 235-242, 2012
Fiedler, M., Kilkki, K., Reichl, P.: From Quality of Service
to Quality of Experience, Proceedings of the Dagstuhl
Seminar 09192, Leibniz, 2009 http://drops.dagstuhl.
de/opus/volltexte/2009/2235.

ITU: Definitions of terms related to quality of service,
ITU-T Rec. E.800, International Telecommunication
Union, 2008

Perkis, A., You, J., Xing, L., Ebrahimi, T., De Simone, F.,
Rerabek, M., Nasiopoulos, P., Mai, Z., Pourazad, M.,
Brunnstrom, K., Wang, K., Andren, B.: Towards certi-
fication of 3D video quality assessment, Proceedings
of the 6th International Workshop on Video Processing
and Quality Metrics for Consumer Electronics - VPQM,
Scottsdale, 2012

Kunze, K., Strohmeier, D.: Examining subjective evalu-
ation methods used in multimedia Quality of Experi-
ence research, Proceedings of the Fourth International
Workshop on Quality of Multimedia Experience, pp. 51-
56, 2012

Hamam, A., Eid, M., El Saddik, A., Georganas, N.: A
fuzzy logic system for evaluating quality of experience
of haptic-based applications, Proceedings of the Euro-
Haptics 2008, Madrid, pp. 129-138, 2008
Menkovski, V., Oredope, A., Liotta, A., Cuadra Sanchez,
A.: Predicting Quality of Experience in multimedia
streaming, Proceedings of the 7" International Confer-
ence on Advances in Mobile Computing and Multime-
dia, Kuala Lumpur, pp. 52-59, 2009

Venkataraman, M., Chatterjee, M., Chattopadhyay, S.:
Evaluating Quality of Experience for streaming video in
real time, Proceedings of the Global Telecommunica-
tions Conference, pp. 1-6, 2009

Chan, A,, Zeng, K., Mohapatra, P., Sung-Ju, L., Baner-
jee, S.: Metrics for evaluating video streaming quality
in lossy IEEE 802.11 wireless networks, Proceedings of
the IEEE INFOCOM, San Diego, pp. 1-9, 2010
Jekosch, U.: Voice and speech quality perception - as-
sessment and evaluation, Springer, Berlin, 2005

ITU: Reference guide to quality of experience assess-
ment methodologies, ITU-T Rec. G.1011, International
Telecommunication Union, 2010

Van den Broeck, W., Jacobs, A., Staelens, N.: Integrat-
ing the everyday-life context in subjective video quality

262

Promet -

Traffic&Transportation, Vol. 25, 2013, No. 3, 255-263




M. Matulin, S. Mrvelj: State-of-the-Practice in Evaluation of Quality of Experience in Real-Life Environments

[42]

[43]

[44]

[45]

[46]

[47]

experiments, Proceedings of the Fourth International
Workshop on Quality of Multimedia Experience, Brisel,
pp. 19-24, 2012

Reichl, P., Frohlich, P., Baillie, L., Schatz, R., Dantch-
eva, A.: The LIiLiPUT prototype: a wearable lab envi-
ronment for user tests of mobile telecommunication
applications, Proceedings of the Human Factors in
Computing Systems, New York, pp. 1833-1838, 2007
Jumisko-Pyykko, S., Hannuksela, M.: Does context
matter in quality evaluation of mobile television?, Pro-
ceedings of the 10" Conference on Human-Computer
Interaction with Mobile Devices and Services, Amster-
dam, pp. 63-72, 2008

Kaikkonen, A., Kekalainen, A., Cankar, M., Kallio, T.,
Kankainen, A.: Usability testing of mobile applications:
a comparison between laboratory and field testing,
Journal of Usability Studies, Vol. 1, No. 1, pp. 4-17,
2005

Frohlich, P., Egger, S., Schatz, R., Muhlegger, M., Mas-
uch, K., Gardlo, B.: QoE in 10 seconds: are short video
clip lengths sufficient for Quality of Experience assess-
ment?, Proceedings of the Fourth International Work-
shop on Quality of Multimedia Experience, Yarra Valley,
pp. 242-247, 2012

Staelens, N., Moens, S., Van den Broeck, W., Marién,
l., Vermeulen, B., Lambert, P., Van de Walle, R., De
Meester, P.. Assessing the perceptual influence of
H.264/SVC signal-to-noise ratio and temporal scal-
ability on full length movies, Proceedings of the First
international workshop on Quality of Multimedia Expe-
rience, San Diego, pp. 29-34, 2009

Staelens, N., Moens, S., Van den Broeck, W., Marién,
l., Vermeulen, B., Lambert, P., Van de Walle, R., De-

(48]

[49]

[50]

(51]

(52]

(53]

meester, P.: Assessing Quality of Experience of IPTV
and Video on Demand Services in real-life environ-
ments, IEEE Transactions on Broadcasting, Vol. 56, pp.
458-466, 2010

Jelassi, S., Rubino, G., Melvin, H., Youssef, H., Pujolle,
G.: Quality of Experience of VoIP service: a survey of
assessment approaches and open issues, IEEE Com-
munications Surveys & Tutorials, Vol. 14, No. 2, pp.
491-513, 2012

Jaroucheh, Z., Liu, X., Smith, S.: Recognize contextual
situation in pervasive environments using process
mining techniques, Journal of Ambient Intelligence and
Humanized Computing, Vol. 2, No. 1, pp. 53-61, 2010

Korhonen, H., Arrasvuori, J., Vaananen-Vainio-Matti-
la, K.: Analyzing user experience of personal mobile
products through contextual factors, Proceedings of
the Proceedings of the 9th International Conference
on Mobile and Ubiquitous Multimedia, New York, pp.
1-10, 2010

Ickin, S., Wac, K., Fiedler, M., Janowski, L., Hong, J.,
Dey, A.: Factors influencing Quality of Experience of
commonly used mobile applications, IEEE Communi-
cations Magazine, pp. 48-56, 2012

Strohmeier, D., Jumisko-Pyykko, S., Eulenberg, K.:
Open profiling of quality: probing the method in the
context of use, Proceedings of the Third International
Workshop on Quality of Multimedia Experience, Mech-
elen, pp. 7-12, 2011

Ataeian, S. M., Darbandi, M. J.: Analysis of Quality of
Experience by applying fuzzy logic, Master Thesis, Ble-
kinge Institute of Technology, Karlskrona, 2011

Promet - Traffic&Transportation, Vol. 25, 2013, No. 3, 255-263

263







