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Abstract—This paper belongs to a research program
started in 2006, dealing with Quality of Experience(QoE)
aspects of channel zapping. The program, which haslevance
for the broader topics Quality of Service and NexiGeneration
Networks, started with quantifying the QoE expresse as a so-
called Mean Opinion Score (MOS) for situations whera black
screen is visible during channel zapping. Based upothe
observation that the QoE is (possibly) increased bghowing
information while the user waits for the target chanel to
appear, the program continued with assessing the @oin case
advertisements are shown during channel switchingln this
paper, we quantify the impact on QoE when offeringusers an
interactive game during channel zapping. Our subjetive
experiment shows that for zapping times greater tha 2.25
seconds, offering games during zapping instead ohe usual
black screen, leads to a better QoE. For zappingrties larger
then about 3 seconds, the MOS for the ‘game’ sceriaris
larger than 3.5, indicating the onset to acceptablguality. For
zapping times below 1 second, the MOS for the ‘garhe
scenario is very low, indicating that it is a bad dea to show
games in case of such short zapping times. The saep where
during zapping advertisements are shown is always
outperformed by either the ‘black screen’ or ‘game’scenario.

For small zapping times, the ease of play is muclod low.
For instance, for a zapping time of 1 second, onl¥8% of the
test subjects managed to play the game in time. Farapping
times of 3 seconds the ease of play becomes higttean 80%.
At zapping times of 5 seconds, the game score is laigh as
82%.

Keywords - Channel Zapping; Quality of Experience; Mean
Opinion Score; IPTV; gaming.

l. INTRODUCTION

This paper belongs to a series of papers, thedfinshich
was published in 2006 [1], that all deal with Qtyalof
Experience (QoE) aspects of channel zapping. Iritely
competitive market of Triple Play (i.e., the comuoial
bundling of voice, video and data on a common IBeta
network infrastructure), Service Providers, whichie a
offering high quality IPTV services, need to addrdse QoE
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requirements of IPTV. QoE takes into account hos¥l &
service meets customers goals and expectationsr ritan
focusing only on the network performance.

One of the key elements of QoE of IPTV is how qlyick
users can change between TV channels, which igdcall
channel zapping. The zapping time is the total tibmefrom
the time that a viewer presses the channel chauatjenh to
the point the picture of the new channel is dispthyalong
with the corresponding audio. Minimum quality
requirements for many aspects related to IPTV Hzeen
specified by both the ITU [2] and the DSL Forum.[3]
However, in the ITU document there are no
recommendations at all related to zapping timedlgvih the
DSL forum document it is recommended to limit zaygpi
time to an arbitrary maximum of 2 seconds. Addgibnit is
noticed in the document that providers should strior
zapping times in the order of 1 second.

Because these quality requirements are rather vague
Kooij et al. [1] started a research program in ortte get
insight in the relation between QoE and zappingtim [1],
a number of subjective tests was described, intwyldaring
channel zapping, a black screen, which containedhtimber
of the target channel, was visible. The QoE wasesqed as
a so-called Mean Opinion Score (MOS). The testexibj
(21 in total) could select one of the following divopinion
scores, motivated by the ITU-T ACR (Absolute Catggo
Rating) scale, see [4]: Excellent zapping quality, 4: Good
zapping quality, 3: Fair zapping quality, 2: Poor zapping
quality, 1: Bad zapping quality.

The main result of [1] is an explicit relation beswn the
user perceived QoE and the zapping time. Fromréhagion
it was deduced that in order to guarantee a MO& tdast
3.5, which is considered the lower bound for acuslpt
quality of service (see [4]), we need to ascerthiat the
zapping time is less than 430 ms. Note that for MO%5
the average user will detect a slight degradatibrthe
quality of the considered service. The requiremamntthe
zapping time mentioned above is currently not meamy
implementation of IPTV (see, for instance, [5] §6].
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In [7], new subjective experiments were describ&ene
the zapping took place under different conditiombese
experiments included ‘lean backward’ zapping, tlst
zapping while sitting on a sofa with a remote cointThe
subjects are more forgiving in this case and tlgglirement
for acceptable QoE could be relaxed to 670 msdtiitian,
[7] reports on subjective experiments where thepirap

educational or entertaining content can be predente
Although the business driver for advertisementanseef
high impoprtance we anticipate that gaming duriagping
can also boost the QoE, in two different ways.

a) Users playing games during channel zapping, will
not be bored with the longer zapping times. HeheeQoE

times were varying. It is found that the MOS ratingof the users for the channels with games coulceas® with

decreased if zapping delay times were varying.

respect to the black screens. This is actually weathave

The research program on QOE and zapping continueaheasured in the conducted subjective experiment.

based on the observation that in order to incrées€oE of
channel zapping, two approaches are possible. dnfitkt
approach, the actual zapping time is reduced. Aamgie of
this method is given by Degrande et al. [8]. Theggest to
retain the most recent video part in a circularférufand
display this video until the incoming channel iadw.

In the second approach, the QoE is (possibly) aseéd
by showing information while the user waits for ttaeget
channel to appear. The displayed information coeldbout
the target channel, personalized content or acesngnts
(see also [9]). Subjective tests following the setapproach
have been described in [10]. The main conclusiofl6f
was that by showing advertisements during chareygbing,
instead of the usual black screen, users ratedxperience
higher, at least for realistic values of the zaggime.

Kooij et al. [5] extended the results of [10] ineth
following way: the number of persons that partitgobin the
subjective experiments was increased from 12 totB,
measurements were added that provide insight atamgting
times for today’s digital television services, andompletely

b) The second consequence is that the providerstmig
earn money from these games, through a similambssi
case as apps for smart phones. Therefore, thelpwaan the
price of the service. Obviously, a lower price i mf the
factors that can boost the QoE.

It should be noted that the effect of games (ifythere
implemented) on QoE is not just straightforwardthes, it
depends on various factors, which could affect QeE
positively or negatively.

a) The type of game: A particular user could likens
sort of game and dislike other type of games.

b) The difficulty of the game, in relation to thength
of the zapping time. For example, if the zappimgetiis very
short, then it is probably not even possible ty ple game,
hence a game in this scenario could be quite angoydn
the other hand, if the zapping time is very lond #re game
is too simple, users may not be challenged enowgh t
appreciate the game.

c) Obviously, the game that is offered to the user
should not be exactly the same all the time. Prighilis
best to offer different variations of the same gamethe

new section was added about how the finding of thisisers.

research could be used to design a system for aptim

zapping experience. This system for optimal zapping Some of the factors above could positively affeet aiser

experience has two patents pending.

perception. However, the implementation complextgo
increases if all these issues are to be propedyeaded. The

The aim of this paper is to assess the QoE of édannbest approach to use these games is to select & gam

zapping when, during zapping, the user is offerteractive
content in the form of a game, instead of the uslatk
screen. To our knowledge, this paper is the fixgr e¢hat
deals with interactive content during zapping.

The rest of this paper is organized as followsSégtion
I, the possible effect of gaming on IPTV perceivpality is
analyzed and various factors that contribute tordiselts are
listed. In Section Il the experiment performed coantify
the user perception is described. In Section ¢, ribsults
obtained from the subjective tests are presentathlly,
conclusions are given in Section V.

II.  QUALITY OF EXPERIENCE ANDGAMING

Using content such as advertisements or gamingqgluri
IPTV channel zapping is an approach that triemntoeiase
the QoE while the service quality or zapping tireenains
unchanged. Obviously, not all people would be happsee
advertisements during zapping. People are probatiye

randomly from a set of pre-rendered games stamnethe
Set-top Box (STB) when the user zaps to a diffeckannel.
It is recommended to use games that the user lldsimng
pre-rendered games is important because the zapnscan
then be displayed immediately.

. THE EXPERIMENT

A. Design of the experiment

For the TV channel zapping experiment, a HTML page
containing two frames is implemented. Through thwelr
frame the user can switch between 5 different Tenctels.
The TV channels are implemented as Flash filekénupper
frame of the HTML page. The TV channels contain the
following content: a dancing girl, a cartoon, threen in a
suit, a room service scene and a dancing man.

Figure 1 shows the HTML page with the dancing girl
channel being on. Although the Flash files contairio,
sound is switched off during the experiments. Augtight

open to gaming during zapping because through aeganie added to the experiment but the synchronizgtioblem
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will be another cause for quality degradation. ®oassess The chain of events is depicted in Figure 3. Alinga
the quality experienced for zapping times, we ifak better  situations are depicted through pictures of siz&x400
to make the experiments with no sound, becauseawittee pixels.
the test subjects opinions might be biased by the
synchronization quality. The videos within the upframe =
are displayed in a screen of size of 550x400 pixels

Original channel Game during zapping Target channel

Figure 3. Showing a game during zapping

For the experiment the zapping times were 0.5, B, 2
and 5 seconds. We left out some of the originalpirep
times used in [1] and [10], in order to keep thagthd of the
test sufficiently short, thus preventing fatigue tbe test
objects, and because zapping times of 0.1 and é&@nds
are presumably too short for interactive gaming.

B. The actual experiment

In this subsection, we describe the details of the
subjective experiment. The test subjects consist wital of
21 people at TNO in Delft, the Netherlands andhat¢econd
author’s house in Breda, the Netherlands. The deisfects

In the experiments reported in [1] and [10], severvary in age (17 —57 years), gender (14 male, Zakeyrand
zapping times between 0 and 5 second were implement €Xperience. According to [4] at least 15 obsensdtsuld
arrays in the javascript code. These zapping timese 0, Participate in subjective testing of multimediavéees. They
0.1, 0.2, 0.5, 1, 2 and 5 seconds. Moreover, aorand should not be directly involved in quality assesstvas part
ordering of these zapping times was implemente@dch of of their work and should not be experienced assessbese
the test subjects that participated in the subjecti conditions are met for the group of test subjects.
experiments. The number of test subjects in [1] 2dasvhile ~To view the channels a laptop (Core i3, 4GB RAM,
12 test subjects participated in [10]. Additionabjective ~ Windows XP, 1600x900 pixels screen resolution)ssdias a
experiments with 18 test subjects, including aleoapping 1V Set. The experiment that we have conducted iean
times 3 and 4 seconds, were reported in [5]. backwf’;\rd zapping’ type. That means the user wiback in

When the user zaps to a new channel, the pagessieep 2 chair and use th_e remote cpnt_rol to zap betwében t
a time corresponding to the implemented zappinge timchannels.AS_ony Ericsson W660I. with the Bluetd_d_tlman
before the requested channel is displayed. Dutiigtime, ~ Interface Devices (HID) protocol implemented onistused
either a black screen is shown [1], [7], or an atisement @S @ remote control device. The mobile phone isctigpin
[5], [10]. This paper assesses the impact of hawamg Flgure 4.
interactive game on display during channel zappihige
game consists of a traffic situation where the uUs&s to
determine whether or not it is allowed to follove tiirection
that is indicated by the arrow. The perspectivéhefuser is
that of the driver of the car in the bottom of hieture (see
Figure 2).

Figure 1: HTML page used in the experiment

OK to drive
the car

d,.}
L

Figure 4: Sony Ericsson w660i used as remote cbntro

" I I I t I Through the HID protocol, pressing the buttons & tn
the phone realize a channel switch to the corredipgn

) channel on the HTML page. In order to play the génag is
shown during zapping, the user needs to pressaberwight

. L button of the phone when he/she thinks it is alloleao
Figure 2: Example of a game situation

Copyright (c) IARIA, 2012. ISBN: 978-1-61208-186-1 145



ICNS 2012 : The Eighth International Conference on Networking and Services

drive the car in the indicated direction. If he/shiks it is

NOT permitted to drive the car, the upper left botheeds to
be pressed (see also Figure 4). After the testesultjas
presses one of the two buttons, visual feedbagjvien by

displaying either a “check symbol” (correct answer)a

“cross symbol” (incorrect answer) on top of the idtgul

traffic situation (see Figure 5).

od

(a) correct

(b) incorrect

Figure 5: Feedback on user input

The experiment contains two parts, the training el
actual experiment. The training part is intendethtuiliarize
the subject with the test environment. The trairstagts with
a situation requiring immediate zapping, that isitaation
corresponding to MOS = 5. The test subject canchwit
between channels by pressing the buttons numbeteds1
on the mobile phone.

In the second part of the training, the test subjsc
offered a situation with very long zapping timee(.5
seconds), where during zapping a black screen asvrsh
This situation corresponds with MOS = 1.

In the third part of the training, the test subjiscoffered
the traffic game during zapping. The aim of the gamto
determine for each offered traffic situation whettiee car
can drive in the indicated direction or not.

After the test subject has switched channels a eurob
times (approximately ten times) he/she then preskes
“stats” button (see Figure 1) to reveal the scdri@® games
played by the test subject. An alert box then appe
containing the statistics of the gameplay (seereig.

Note that it is possible that the number of zaplarger
than the sum of “number of correct answers” andhtber of
wrong answers”, namely when the test subject waate to
press one of the answer buttons during zapping.

At this point, the test subject is ready to sthg actual
experiment. Below we show the literal text thaptiesented
to the test subjects, who first had to do the ‘blacreen’
scenario, and then the ‘game’ scenario.

Copyright (c) IARIA, 2012. ISBN: 978-1-61208-186-1

[JavaScript Application]

Mumber of zaps =9
Mumber of correct answers = 7
Mumber of wrong answers = 2

A

Figure 6: Statistics of the gameplay

Black screen

1. In this paper form, fill in your name, age, your
experience with gaming and SMS and the date

2. Write down in this paper form the Scenario (fordtk
screen”) you are in. You can see this in the URLthin
Firefox browser

3. Select “Zapping Time 1” in the drop-down list oreth
left-bottom of the screen. Experience the zappime t
by pressing on the buttons numbered from 1 to $tdr
do a total of about 10 zaps.

4. Write down your MOS value on the table shown on the
form.

5. Then, select “Zapping Time 2” in the drop-down,list
repeat steps 3 and 4, until you have assessed all 6
Zapping Times.

Game

6. Write down in the paper form the Scenario (for the
game) you are in. You can see this in the URL & th
Firefox browser

7. Select “Zapping Time 1” in the drop-down list oreth
left-bottom of the screen. Experience the zappimg t
by pressing on the buttons numbered from 1 to SoAl
try to play, during the zapping, the game. Trydtoa
total of about 10 zaps. When that is done press the
“stats” button.

8. Write down your MOS value in the table shown on the
form. Also write down the statistics from the albax.

9. Then, select “Zapping Time 2" in the drop-down,list

repeat steps 3 and 4, until you have assessed all 6

Zapping Times.

If you want to, you can write general commentshie t

box on the bottom of the form.

10.

The order of the six zapping times (0.5, 1, 2, 354
seconds) was randomized into four different orddemoted
by A, B, C and D). Each test subject was offerefifferent
order for the ‘black screen’ scenario and the ‘gasnenario.

IV. RESULTS

A. MOSresults

The results obtained for each zapping time areyaedl
and averaged over the number of test subjects teorothe
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MOS for each zapping time. This is done for bo#h ‘llack It is clear from Figure 8 that our new subjectiaalis
screen’ and the ‘game’ scenario, that is, the askere, much more optimistic than that predicted by modb), (
respectively, during zapping a black screen is shamnd the especially for zapping times smaller than 4 secows can
case where the game is shown. The obtained MO%sscorthink of three possible explanations for this. firthe
together with their 95% confidence intervals, aneven in  experiment reported in [1] was ‘lean forward’, vehibur
Figure 7. experiment was ‘lean backward’. It is known fronj ffat
this leads to higher MOS scores. Secondly, theinggpnes
offered to the test subjects in [1] were on a ldgeric scale
50 (0,0.1,0.2, 0.5, 1, 2, 5 seconds) while for oyregiment we
45 [ —+— Black screen basically used a linear scale. This possibly mightl to a

4.0 T ‘ —=— Game ‘ T

;/T\sy bias in the form of lower MOS scores for small Zagp

QoE of Zapping (95% Confidence Interval)

BT IT—1 f " times. Finally, the tests described in [1] were chasted in
Q. 3 2006, while our tests took place in 2011. Peoply have
= 20 - : L ~] become more accustomed to zapping times in the ofde

I

15 to 3 seconds in the last five years.

» ~N——
10 In [5] and [10], we have also assessed the QoE for
05 zapping in case advertisements were shown duriagrei
0.0 T T T T H H H H o
. . 2 3 A s switching. These experiments, using the same zgpipires
Zapping Time (sec) as in our experiment, took place in 2009, therefoeefeel

we can compare the results from [5] and [10] witin pew
results, see Figure 9. Note that the performaneatuation of
the advertisement scenario did not take the renluctif
user’s cost into account.

Figure 7: MOS for “black screen’ and ‘game’

The following important insights can be obtainednir
Figure 7:

QOE of Zapping

. The MOS for ‘game’ exceeds the MOS for ‘black

screen’ for zapping times greater than about 2et®rads. 45 —=—Game
This implies that the users prefer ‘game’ only whbe 40 \\ :i':;i;’;i”m)/_\.

zapping time is sufficiently large. 35
. For zapping times larger then about 3 seconds thi 301
MOS for ‘game’ is larger than 3.5, indicating theset to %zz

acceptable quality. . I N
*  For zapping times below 1 second the MOS for | T

‘game’ is very low, indicating that it is a bad &@é show 05 4

games in case of such short zapping times. 0.0

Zapping Time (sec)

B. Comparison with previous results

] Figure 9: MOS for “black screen’, ‘game’ and ‘advgment’
The ‘black screen’ experiment was conducted befe,

[1]. The authors of [1] suggested the following rebfbr the We conclude from Figure 9 that the ‘advertisement’
relation between zapping time (in seconds) and Qokscenario never performs better than both the ‘biaken’
(expressed in MOS), for the ‘black screen’ case: and the ‘game’ scenario at the same time. Note itha&is

anticipated in [5] that there could be a regimevibich the
MOS = max{L min{- 1.02!In(ZappingTime) +2655}} . (1) advertisement scenario would be preferred but ighisot
reflected in Figure 9.

5.0

s C. Results on ease of play and game score
40— I As explained in Section I1I.B, we have also asstsbe
35 * H
N . ease of play and the scores of the game playechdluri
g0 N channel zapping. The ease of play is quantifiedobsws.
N . For each test subject we know, for a given zappimg, the
15 — total number of zaps (Z) and the number of cor(€}tand
10 the number of incorrect answers (I). The easeajf fur this
05 test subject and zapping time is defined as (C*L@@%.
00 ‘ ‘ ‘ ‘ The overall ease of play for this zapping timelitamed by

0 1 2 3 4 5
Zapping Time (sec)

averaging this quantity over all 21 test subjelctsa similar
way the overall game score is obtained by averagirg

Figure 8. Comparing our ‘black screen’ results vttt model from [1]
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quantity C/Z*100% over all 21 test subjects. Theults are
depicted in Figure 10.

100%

90%

—e—game score

80%

—a—ease of play

70%

60%

50%

40%

30%

20%

10%

0%

/
/

15 2 25

Zapping Time (sec)

3 35 45

Figure 10: Ease of play and game score

It is clear that for small zapping times the easplay is
much too low. For instance, for a zapping time a&fetond,

only 18% managed to play the game in time. Aroun

zapping times of 3 seconds the ease of play becbighsr

than 80%. The game score curve shows an s-shapehait
inflection point around 2.5 seconds. At zappingesnof 5

seconds the game score is as high as 82%. lteiesiing to
notice that the percentage of incorrect answersiresrmore
or less constant at 18% for zapping times largen tR

seconds.

D. Discussion on user comments

In addition to evaluating the MOS and keeping their
gaming scores, users were asked to comment on thg
The following are the main

subjective experiments.
comments of the users.

a)
on the positions of the “correct” and “incorrectittons on
the mobile phone. As on most mobile phones the rilgfie
button is green and the upper right is red, indigasome
positive action (e.g., making a call) or negatieéiam (e.g.,
terminating a call), they might have found it marwitive if
the “correct” and “incorrect” buttons would havesheplaced
the other way around. A few test subjects remathati the
buttons on the mobile phone are too small to mdie t
gameplay enjoyable.

b)
zapping times it becomes impossible to play theegamhich
leads to irritation. Some suggest that it is battehese cases
to show a black screen instead of the game. Ofsedtlnis is
completely in line with the system for optimal zapp
experience we have suggested in [5].

V. CONCLUSIONS

From our conducted subjective experiment, it isnfbu
that for zapping times greater than 2.25 seconflsrirg
games during zapping instead of the usual bladescleads
to a better QOE. For zapping times larger then &l%u
seconds, the MOS for the ‘game’ scenario is latigen 3.5,
indicating the onset to acceptable quality. Fophagp times
below 1 second the MOS for the ‘game’ scenarioésyv

Copyright (c) IARIA, 2012. ISBN: 978-1-61208-186-1

More than 50% of the test subjects made comments

A number of test subjects mentioned that forlsma

low, indicating that it is a bad idea to show garnmesase of
such short zapping times. The scenario where dzapging
advertisements are shown, is always outperformed by
showing either the ‘black screen’ or ‘game’ scemari

For small zapping times the ease of play is muoHdur.

For instance for a zapping time of 1 second, o886 bf the
test subjects managed to play the game in timeundo
zapping times of 3 seconds the ease of play becbighsr
than 80%. The game score curve shows an s-shabehait
inflection point around 2.5 seconds. At zappingesmof 5
seconds the game score is as high as 82%.

The results obtained in this paper are useful when
implementing a system for optimal zapping expemenc
which is described in [5]. In the near future wentvéo
implement the system in a field trial and conduatttfer
subjective experiments with the system, taking extoount
longer time scales, i.e., we will assess QoE aftgeriod of,
for instance, 3 months. Finally, we suggest that giistem
(gight be adapted to function as a broader ‘System

ptimal Waiting Experience’. Hopefully this inspgrethers
to improve the quality of experience in our daydsy
activities.
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