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Abstract 1 Introduction

Despite the performance of modern computer graphics haegita
is still not possible to achieve the rendering/display obaplex
) ) 3D scene on a single computer at reasonable frame ratefret a
The developers and users of interactive computer graphiGy,( the real-time performance of 25 frames per second and at®ve a
such as 3D games and virtual reality, are demanding ever mere  jemanded by games and virtual reality systems. A tradehaf§ t

alistic computer generated imagery dglivered at high fraates, exists between spatial image quality and temporal qualignie
to enable a greater perceptual experience for the user. As mo rate).

computational power and/or transmission bandwidth ar@matys

available, special techniques are applied that trade afifydn or- In the real world there is an intimate linkage between soumd a
der to reduce computational complexity, while trying to imiise visual stimuli and this has started to be taken into conatitar
the perceptibility of the resulting visual defects. Reshawn hu- by the developers of modern computer graphics applicatiahs

man visual perception has promoted the development of pegoce though most emphasis is still put on the visual domain. A nemb
driven CG techniques, where knowledge of the human visugal sy of researchers have investigated cross-modal interachetween

tem and its weaknesses are exploited when rendering/gisplaD vision and audition. The general conclusion from the redear
graphics. Itis well known in the human perception commuttibt auditory-visual perception is that audio stimuli can ptedly at-
many factors, including audio stimuli, may influence the anto tract a part of the user’s attention away from the visual glkinne-

of cognitive resources available to perform a visual task.this sulting in the reduced cognitive processing of the lattee(dor
paper we investigate the influence sound effects have onahe p example, [Massaro and Warner 1977; Tellinghuisen and Nowak
ceptibility of motion smoothness in an animation (i.e. oa ger- 2003]. A common example of this is turning down the radio in
ception of delivered frame rate). Forty participants vidvairs of a car while looking for a particular street sign. Furthereydelch
computer-generated walkthrough animations (with the samal et. al [Welch et al. 1986] and Recanzone [Recanzone 2008[fou
content within the pair) displayed at five different frameesa in all that the perceived rate of an audiovisual stimulus is deterdnpri-
possible combinations. Both walkthroughs in each testypaie ei- marily by audition.

ther silent or accompanied by sound effects and the paatitipad o . .
to decide which one had a smoother motion. A significant effec 1Ne study presented in this paper was inspired by the reséact

of sound effects on the perceived smoothness was revealee. T INgS on crossmodal perception. The results of the expetithen

participants who watched the audiovisual walkthroughsgaore we conducted confirm that in the presence of audio stimuli, an
erroneous answers while performing their task compareuktstb- more specifically sound effects, viewers fail to notice atoins in
jects in the "No Sound” group, regardless of their famitiasivith the motion smoothness between walkthrough animationsagisg
animated CG. Especially the unfamiliar participants fhtie notice at different rates, which are apparent in the absence ofds(itig-

motion smoothness variations which were apparent to thetinein ~ Ure 1). This is probably due to the fact that the auditory slim
absence of sound. The effect of the type of camera movement in@ttract part of viewer's attention to the sound and away ftben

the scene (translation or rotation) on the viewers’ peioapf the visual defects, such as jerky motion, which result from |oanfe

motion smoothness/jerkiness was also investigated, bstgmifi- rates.

cant association between them was found. Our results sheadd
to new insights in 3D graphics regarding the requirementsHe

delivered frame rate in a wide range of applications.

These findings may have major implications for the deve®pér
applications where the delivered frame rate is one of the (Qual-

ity of Service) parameters. These applications includéeabel not
limited to, desktop VR systems, 3D games and simulationiappl
cations, especially the multiuser networked ones, as thimgs
in the computational time and the transmission resourcesxby

CR Categories  1.3.3 [Computer Graphics]: Picture/lmage  piting this observed auditory bias of visual attentiom ¢ dra-
Generation— [1.3.7]:  Computer Graphics—Three-Dimenalon  matic.” We would not suggest the application of these findings
Graphics and Realism - Animation full-scale virtual environments without further detailewestiga-

tion, as variations in the frame rate can cause motion sgsknkn
addition, video compression algorithms, which have stiideake

) ) ) into account perceptual issues for low bit-rate applicatjovould
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also benefit from our findings. By encoding frame-rate cdnthe
sudden frame skipping which results from existing techesjand
degrades motion smoothness significantly, could be reduced
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Figure 1: With the use of sound effects, fewer frames may be di
played per second compared to a silent animation, withophan
ticeable difference in the motion smoothness.

2 Previous Work

Perception, and in particular visual perception, is beognicreas-
ingly important in computer graphics. Knowledge of the hara
sual system has been used to improve the quality of the gispla
image, for example [Ramasubramanian et al. 1999; Pattahaik
2000; Myszkowski et al. 2001]. Other research has shown how i
ages can be selectively rendered without perceptual iffer to
the user, using level-of-detail, peripheral vision, satye and vi-
sual tasks, for example [Luebke and Hallen 2001; Watson.et al
2001; Yee et al. 2001; Cater et al. 2003]. A review on the tates
advances in perceptually adaptive computer graphics céoupel

in O'Sullivan et. al [O’Sullivan et al. 2004].

Despite the recent growth in the development of perceptaalap-
tive graphics techniques which employ perceptual criteri@duce
the computational complexity, researchers have restritteir fo-
cus on the visual stimuli and have not as yet taken into censid
eration the auditory-visual crossmodal interactionshalgh it is
well known that stimuli reaching the various senses areeiregal,
not processed independently. For instance, Storms igatet
crossmodal interactions between auditory-visual stiimiR and
found that high-quality sounds coupled with high-qualitgual
stimuli increase the perceived quality of the visual digplgStorms
1998].

Winkler and Faller (2005), as well, investigated the fastahich
affect the evaluation of audiovisual quality and found thath au-
dio and video quality contribute significantly to the pevesl au-
diovisual quality [Winkler and Faller 2005]. ??? ADD PREWS
WORK IN AUDIO FOR GRAPHICS HERE ???

The spatial and temporal compression artifacts of codeebvithve
recently been studied intensively. Itis difficult to supdmooth good
spatial and temporal quality at very low bit rates. Up untiwde-
velopers have mainly opted for the degradation of the dptlity

under a fixed frame rate. Apteker et. al (1995) examined tieetsf
that degrading frame rates have on user perception of a ddeo
plication and showed that the perceived differences deperitie
nature of the application [Apteker et al. 1995]. AccordingSong
et. al (2001), "more flexible and robust rate control is nelede-
der time-varying communication channels, such as theriateand
under these environments, variable-encoding frame-catea can
provide a satisfactory solution” [Song and Kuo 2001]. Theyed-
oped a variable-encoding frame rate control scheme whicsups
an efficient tradeoff between spatial and temporal qualitie

2.1 Auditory-Visual Interactions on Attention and
Processing Resources

A human'’s senses are stimulated by external factors, sucisza
and auditory stimuli, and that stimulation results in thecpgtion
of the environment. As we cannot attend to all stimuli at grate
tention filters and brings part of the information about therla/
around us into awareness. Broadbent concluded that althaug
large amount of sensory information can be absorbed simaita
ously, a selective filter (attention) reduces the input fmora source
while that from another source is analysed by the brain [Broa
bent 1958]. Attention, thus, determines which sensorydtimill

be further mentally processed, and which will be ignoredrgtem
1993].

In the area of cross-modal interaction between vision ardi-au
tion in attention, Massaro and Warner (1977) showed theie is
small but significant limitation of attentional capacityrohg visual
and auditory perception [Massaro and Warner 1977]. Telliigen
and Nowak (2003) investigated the ability to ignore visuad au-
ditory distractors presented during a visual search taskcam-
cluded that auditory distractors are processed regardfegsual
perceptual load and also that the ability to inhibit crossdai in-
fluence from auditory distractors is reduced under highalikad
[Tellinghuisen and Nowak 2003].

In addition, Welch et. al [Welch et al. 1986] found that theqadéved
rate of an audiovisual stimulus is determined primarily bygliion.
Recanzone (2003) replicated this finding and concludedittpat-
vides support for anodality appropriateness hypothesis, according
to which the modality that is most appropriate with respecat
given task is the modality that influences most the percaptio
the context of that task. Audition has a higher temporal Iteso
tion and therefore, during temporal rate judgements (fstaince,
while watching an animation) the observer will put more viatign
the auditory than the visual stimuli, without realisingRgcanzone
2003].

3 The Experiment

From the research findings in multimodal perception we céerin
that the redirection of attention and the allocation of dtigm re-
sources to the processing of sound effects while watchingered
animations, may reduce the viewer's cognitive resourdesated
to the processing of the visual cues employed in judging tbiéam
smoothness / jerkiness.

We, hence, hypothesized that it would be more difficult fdjeats
to distinguish differences in the motion smoothness beatveeglio-
visual composites than between silent animations. Twoitiond
were considered: "Sound Effect” and the control, "No Soymndh-
dition. We also hypothesized that familiarity with aninigom-
puter graphics would help the corresponding subjects partbe



experimental task more efficiently than participants withany
prior experience.

3.1 Participants

Forty participants, of ages ranging from 21 to 32, from thdarn
graduate and postgraduate student population volunteerpér-
ticipate in this study. The participants were initially iigd into
two groups according to their familiarity with animated quumer
graphics, as we also wanted to investigate whether thesusgpe-
rience would affect the degree of the "distractive” influerof the
sound. The first group included the subjects who had atteaded
Computer Graphics course and were moderately/very famaitid
the second group included participants whose studies wegk i
evant to Computer Science and had no or little experiencenin a

imated computer graphics. The members of each of these two

groups were randomly subdivided across the two conditiéas-
ticipants were informed that they could withdraw at any toeng
the experiment and they were naive as to its purpose. Théwdll
either normal or corrected-to-normal vision and they ditineport
any hearing impairment.

3.2 Design

For our experiment we used an independent samples design. Th
dependent variable was the perceived relative motion smesst

of the two animated sequences in each test pair. The independ
variable was the auditory background of the movie clips iisou
effects or silence). The conditions tested are shown inrEigu

During each session the subjects watched pairs of cliptiegi
walkthroughs, one after the other, and they had to judge iictwh
of the two the motion was smoother. The two clips in each teist p
had the same visual content, but were rendered at varyimgefra
rates (either different or the same within each pair).

40 participants
] |

Familiar with
animated CG

Unfamiliar with
animated CG

|

Control group:
silent animations

Animations with
sound effects

Figure 2: The Conditions tested

3.3 Equipment and materials

The test environment comprised a PC placed on a desk in aryempt
room, so that the subjects would not be distracted by sudiagn
objects. The subjects watched the walkthroughs full-scoeethe

19” CRT monitor of the PC (resolution: 12801024 pixels). They
were seated at normal viewing distance from the monitei6Q
cm). Auditory stimuli were presented through quality hemaies,
with frequency response 18 - 22 KHz, isolated from outsidseno
The volume of the sound remained the same for all subjectseof t
"Sound Effect” condition.

The experiment was preceded by a series of exploratoryestticiat
would help us decide on the selection of the audio and visimau§
materials used in our main study.

All the clips used in our experiment were based on six anithate
sequences of images (rendered at 640 x 480 pixels resglutien
picting 6 distinct parts of a walkthrough in a 3D interior segsee
example frames in Figure 3). We used six different sequeirces
order to reduce the boredom and fatigue which may result from
watching the same set of visual stimuli over and over again.

Figure 3: Example frames from the animated sequences

In each of the six animated sequences we used, the cameraysmpl
one of the following two kinds of camera motion: a) trangati
along the x-axis (walk through, forward type of movementppr
rotation around the y-axis. In half of the sequences we used t
first type of camera motion and in the rest the second typeraf ca
era movement was employed. We decided to further investigat
whether the type of camera motion would make any difference t
the results, as we expected the second type of motion to mecen
ate the motion jerkiness caused by reduced frame rates mameat
"walk through” type of motion.

Each animated sequence was rendered at 5 different fragsetoat
produce the movies used in the experiment: 24 fps, 20 fpspd,5 f
12 fps and 10 fps, giving 25 frame rate combinations. We did no
include more frame rates, as the additional test pairs woudibng
significantly each experimental session. The 25 rate paipled



with the 6 animated sequences gave a total number of 150aiest p
In 30 of the pairs the two clips were identical and they were in
cluded as a means of gauging each participant’s performakite
paired comparisons were randomly generated. Each moe cli
lasted for 3 seconds, in order to keep the duration of thererpe-

tal session to a minimum. A pilot study confirmed that 3 sesond
were enough for a viewer to judge the motion smoothness cfta te
animation.

Three sound effects were selected to compose the auditaky ba
ground for the "Sound Effect” condition: phone ringing,lq@one
beeping and thunder. The first two sound effects were relatid
the visual content (phone or cell phone present in the scam)
the third was unrelated (ambient sound effect), as we weaitad

to investigate whether the distracting influence of a sowemkdds
on the visibility of the object emitting it or not. The sounte§
were synthesised by manipulating (multiplying and strigighrel-
evant freeware sounds. The produced sound effects wer¢eelqua
for peak amplitude and their properties were: 44100Hz, 16 bi
Stereo. The movie clips in each test pair had the same auditor
background. For the audiovisual composites, each souadtsffas
assigned to two of the six rendered image sequences: onadbr e
type of camera motion, in order to counterbalance for ptessib
teractions between one of the sound effects and a specifcdlyp
camera movement.

Due to the prohibitive memory requirements of loading 150 un
compressed clips (together with the countdown sequenged)ad

during its playback he/she received instructions from tkges-
menter about the visual cues that would help him/her perfinen
task.

Each experimental session lasted 35-40 minutes. To miaithis
effect of fatigue/boredom (due to the repeated watching@same
visual stimuli) on the results, the subjects were instrditkat they
could pause the display during any countdown interval armd co
tinue when they felt ready again. Less than five participahtse
to pause the experiment, and this happened only once diméng t
experimental task.

Each questionnaire concluded with two questions about lew r
laxed/comfortable the participant felt and how focusedheivas
while watching the animations: a) at the beginning and byros
the end. They could select one of the following options: Natla

/ A little bit / Moderately / Very much. These questions wesed
to check whether any change in the focus or comfort leveldavou
affect the subjects’ performance.

4 Results

Measure of performance in our experimental task was theeperc
age of times each subject correctly identified the smoothiena
tion (i.e higher frame rate) within a pair of displayed aniioas.
The performance was averaged for each pair of frame ratessacr

to compress the video clips. Cinepac Codec by Radius was usedall subjects within each group. For example, a performarfce o

for the compression, because it gave the best results, cethpa
other codecs, for our sequences. It was not possible to aeond
pletely the blurriness and flickering which results from theeo
compression, but the same artefacts were present in alitzomd
and therefore they should not affect our results.

3.4 Procedure

Each participant was tested individually. Participantgevin-
formed that they should watch carefully pairs of computer-
generated walkthroughs with varying audiovisual cont&he sub-
jects in the "Sound Effect” group were told that the animasio

100% for a pair of frame rates within a group indicates thiaguah-
jects from this group correctly identified the clip with theaother
motion whenever they came across the corresponding paates r
during the experimental task. Figures 5 and 6 illustratepméor-
mance of Familiar versus Unfamiliar participants withircle@on-
dition and Figure 7 compares the performances measuressati®
two conditions.

We decided to present and analyse the results for the actuakf
rate combinations (e.g 10 vs 15 fps) and not to consider twelylif-
ference between a pair of rates (e.g. 5 fps difference),usecthe
perceptibility of visual defects is reduced when the alisoitame
rate values are close to 20-24 fps, compared to lower values.

would be accompanied by sound effects and the sound would beAs we have already mentioned, in 30 of the test pairs the two an

delivered to them through headphones. Even the particpiihe
"No Sound” group had the headphones on during their expeitiahe
task, so as to be better isolated from outside noise. Whénpeac
finished they would have five seconds before the next paireldad
to answer the question: "Which of the two movies in the tedt pa
you just watched do you think had a better visual quality rtgki
into consideration only the motion smoothness or on theraont
jerkiness?”

For each pair, the participants could select one of: "Thedeemed
better”, "The second seemed better”. They were instrut¢tatthey
should pick one of the options even when they could not pescei
any difference between the motion smoothness of the two esovi
(2-Alternative Forced-Choice method, 2AFC) [Abbey et &94].
Visual signals indicated the beginning of the two clips witBach
check trial and a count down was displayed between consecuti
trials so the participants knew exactly how much time watsftaf
them to give their answer. During the five-second countddvenet
was silence for all conditions.

Before the actual experimental task, all participantsivecka fa-
miliarization phase, during which they watched a trainiagnple
that consisted of sample pairs of movies (divided by the tonwn
periods) of varying frame rate difference within pair. Thaiing

mations were identical and they were included as a meansugf ga
ing each participant’s performance. If the experiment wesighed
and conducted properly, the participants should pick orteefwo
options randomly for these pairs and, therefore, in ourlresue
should get each of the two possible answers in approximaty
of the cases. The actual percentage in our results was 5pr6%,
ing that our experimental results were valid and could bassita
cally analysed further.

From Figures 4 and 5 it is clear that the performance of stbjec
who were familiar with computer graphics in detecting thavaa:
tion that was displayed at the higher frame in each pair ahani
tions, was generally better than the performance of thenuitita
participants across both conditions. This is in accord Withsec-
ond part of our hypothesis that familiarity would be an affeg
factor on the participants’ performance for the specificegikpen-
tal task.

As we can see in Figure 7, the control, "No Sound”, group con-
sistently gave more correct answers than the other groguré&6
reveals that both Familiar and Unfamiliar subjects conted to
the performance drop of the "Sound Effect” group. Therefor
even the viewers who were very familiar with animated coraput
graphics escaped the influence of the sound effects. Fistiis-

sample was played as many times as each participant wislted an tical analysis of the results was nevertheless necessagyder to
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Figure 4: The performance of Familiar vs. Unfamiliar Sukgeor
the control ("No Sound”) condition across the test frame pirs.
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Figure 5: The performance of Familiar vs. Unfamiliar Sukgeor
the "Sound Effect” condition across the test frame ratespair

find out whether this drop in the performance of the "Soune&ff
group was significant and thus whether we should accept dialin
hypothesis that sound effects in an animation make it mdfiewlt
for the viewer to detect frame rate variations.

Distribution of Errors for the "Sound Effect”
Condition

45%

M Familiar
O Unfamiliar

Figure 6: Distribution of erroneous answers between Famélnd
Unfamiliar subjects for the "Sound Effect” condition.

We first had to decide whether we should use parametric or non-
parametric tests for the statistical analysis of the resulte were
not certain whether the distribution of our population wasi€sian,
but according to th€entral Limit Theoremiif the samples are large
enough, the distribution of means will follow a Gaussiartriisi-
tion even if the population is not Gaussian. Assuming theufmp
tion doesn’t have a really peculiar distribution, a samjde ef 10 is
generally enough to invoke the Central Limit Theorem. Simoest
parametric tests, such as the t-test and ANOVA, are condemly
with differences between means, the Central Limit Theorets |
these tests work well even when the populations are not @eauss

Figure 7: The performance of all Subjects across the "No 8bun
and "Sound Effect” conditions, separately for each frante cam-
bination.

A two-way ANOVA (ANalysis Of VAriance) for independent sam-
ples was first carried out in order to investigate if the perfance

in the task was jointly influenced by the auditory backgroand
the familiarity of the subjects with animated computer dniap (i.e.
whether there is an interaction between these two indepénee-
ables). A two-factor analysis of variance consists of thuigaifi-
cance tests: a test of each of the main effects of the two amgmt
variables and a test of the interaction between them. Tha efai
fect of the auditory background was found to be very significa
even at the 0.0001 level of risk (F=26.51, df=1 and thus F3aDQ
<0.0001). The main effect of the familiarity with animated CG
was also very significant, even at the 0.00001 level of risie@41
df=1, P=0.000004<0.00001), revealing that prior experience with
computer graphics has a major influence on the ability of tewer

to perceive temporal defects which result from low framesatur-
thermore, a significant interaction between these two ieddgent
variables (auditory background and degree of familiantgs re-
vealed at the 0.05 level of risk (F=5.13 df-F.4c=0.0296<0.05).

The data were then analysed by carrying out an unpaired fetes

2 Independent Samples [Box et al. 1978] between the meansg of o
independent "No Sound” and "Sound Effect” conditions, safey

for Familiar and Unfamiliar subjects, in order to determivieether

or not there was a significant between-subjects performdiffes-
ence as a function of the auditory background only.

The t-test gave a statistically significant result for bothfduniliar
and Familiar participants at the 0.001 and 0.01 levels & ris-
spectively. More specifically, for Familiar subjects t=#69 df=18
(NEamiliar=20) and Pype_taileg=0.004312. For Unfamiliar sub-
jects Nunfamiliar=20) t=4.4764, df=18 an®yne_tai1eq=0-000146.
Therefore, the null hypothesis that there is no differenesvben
silence and sound effects regarding the ability of the viawele-
tect smoothnessl/jerkiness variations, could be rejected.

We further analysed the results from the "Sound Effect” grom
examine whether the distracting influence of a sound depends
the presence in the scene of the object emitting it, but risgtally
significant effect of the type of sound, scene-related oglated, on
our subjects’ performance was found.

In Figure 8, we can see the performance of all subjects frotih bo
conditions for the two types of camera motion, translatiod eta-
tion. Another two-way ANOVA for independent samples was car
ried out, in order to investigate the main effect of the typeamera
movement on the subjects’ in the task performance and alkerié
was a significant interaction between the type of cameraamaind
the auditory background. The main effect of type of cameraeno
ment was not significant (F=0.51 df=1, P=0.4743), and tloeeef
the null hypothesis, that there is no difference betweeritthas-
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Figure 8: The performance of all subjects across the 2 types o
camera motion (translation and rotation).

lation” and "rotation” types of movement in the scene regayd
the ability of the viewer to detect smoothness/jerkinesgtians,
could not be rejected. This was a bit surprising as we hadotege
that participants would detect temporal artefacts moriyefas the
animations where the camera was rotating. Furthermorenteo-i
action between the auditory background of the scene angpbef
camera movement was revealed (F=1.52 d%$:=0.2214). The
main effect of the auditory background was again found todrg v
significant, even at the 0.0001 level of risk (F=23.71, dfad thus
P=0.000006<0.0001).

During the design of our experiment we were concerned alhaut t
influence of the familiarisation to the three sound effecigteeir
distracting influence, and more specifically that after a berrof
animation pairs the viewers would get used to the soundsheaid t
attention would not be "attracted” by them. Nevertheleks, fte-
quency of the correct answers did not increase during theseaf
the experimental task for the vast majority of the partinisare-
vealing that the influence of the sound effects remainedfsignt
throughout the task, despite the fact that they were no longee!

to the viewers.

Some participants had reported reduced focus towards thefen
their experimental session, but the pattern of their ansvexealed
no affect of focus on correctness, and therefore we cantrdiute
reduced performance to fatigue and/or boredom.

We also analysed our results using frequencies (perces)tége
cause Frequency Analysis can provide informative data eneth
els of observed differences between participants. Thétsdawper-
centages indicate, amongst others, the following.

Unfamiliar subjects in the "Sound Effect” condition coulientify
with ease only the difference between 10 and 24 frames pendec
in 81.25% of the cases. Their performance for almost all thero
frame rate pairs (10 vs. 12 fps, 12 vs. 15 fps, 10 vs. 15 fpssl5 v
24 fps, 10 vs. 20 fps, 12 vs. 24 fps) was just 50%-55%, which ind
cates that they gave random answers when they encountersal th
pairs while performing their experimental task. On the otiend,
Unfamiliar subjects in the "No Sound” condition had diffituin
"identifying” the frame rate difference only for the pairsQ vs. 12
fps” and "12 vs. 15 fps”.

Familiar subjects in the "Sound Effect” group could not iigtiish

between animations displayed at frames rates with differeh5

frames per second, while the Familiar subjects in the "Nadbu
group could generally distinguish between clips with difece

greater than 2 frames per second.

The results presented above confirm our hypothesis thatisefun
fects can significantly affect the viewers’ ability to paeemotion

smoothness/jerkiness variations which result from chsrigehe
frame rate, regardless of the type of camera movement ircthees
(translation or rotation). The observed influence of thensladoes
not depend on whether the sound affects are ambient sounds (u
lated to the scene content) or they are related to specifectshjn
the 3D scene. Users who are unfamiliar with computer gradnie
affected more than the familiar viewers by the presenceuidef-
fects and they do not detect smoothness/jerkiness var&tidich
are obvious when there is no sound.

5 Conclusions

The delivery of high-fidelity graphics for interactive ghags and
multimedia applications, such as simulations, 3D games\érd
environments, remains one of the major challenges for ctenpu
graphics practitioners, despite the huge progress in thecehard-
ware and software during the past few years. For such agiplica
limitations of the human visual perception and cross-mauatai-
actions on visual attention can be exploited in order to cedhe
computational complexity and make more efficient use of tad-a
able resources, while trying to minimise the perceptipitf the
resulting visual defects.

In this paper we showed that, audio stimuli do indeed atagsrt

of the viewers' attention away from the visuals and as a tethd

observers find it more difficult to distinguish smoothnessateons

between audiovisual composites displayed at differemsyahan
between silent animations. We also demonstrated that vsewieo

are not familiar with animated computer graphics, can mushér

notice variations in the motion smoothness between twooaidi
sual animations, compared to people with prior experieroar

findings could have major implications for the applicatiovizere

the delivered frame rate is one of the QoS (Quality of Sejviee

rameters.
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