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Abstract

The importance of the role audio plays in multimodal information media is often underestimated or
even overlooked. This applies to a wide range of media in everyday use- from videoconferencing
systems to multi modal human-computer interfaces and to some extent even computer games. When
improving audiovisual (AV) systems, the focus is generally on video. A question seldom asked, most
likely because it is of a difficult nature, is how we actually perceive audiovisual media.

In this study the importance of audio was examined by exposing subjects to au-
diovisual video clips that varied only in audio quality. In some videos background
noise from a subway train was added and was to be regarded as an external signal.
The subjects were asked to rate their perception of the audio, video, audiovisual quality as well as
the listening effort by rating the comprehensibility of the content. They were also required to pay
attention to the content in each video and to answer questions about it.

Results show a perceived difference in video quality following the perception of audio quality,
although the video quality was never altered. Results also show that a light reverb infused in the au-
dio signal was considered to have a positive impact on comprehensibility while still being perceived

as decreasing the audio quality.

The thesis has been written in collaboration with telecomunication company Ericsson and all

tests and material have been recorded at Ericsson laboratories in Kista, Stockholm.



Sammanfattning

Vikten av audio inom multimodal informationsmedia ar ofta underskattad. Detta galler media som
videokonferenssystem, interaktiva datainterface och i nagon man aven dataspel. Nar férbattringar
inom audiovisuella system gors, satsas det ofta mer pa den visuella delen, t.ex. genom en storre
videoskarm eller effektivare video codec. En fraga som sallan stalls, sakerligen for att den ar svar,
ar hur vi egentligen uppfattar media.

Denna studie amnar att pavisa vikten av audio genom ett subjektivt test dar test-
personerna betygsatte sin kvalitetsuppfattning av audio, video, audiovisuella (AV), hur
latt eller svart dom fann det att uppfatta innehdllet i en serie korta videoklipp, dar en-
dast audiokvalitén &ndrats. Aven bakgrundsljud fran tunnelbana fanns med i ljudsig-
nalen for vissa video- klipp och var amnat att vara betraktat som extern audiosignal (miljo).
Testpersonerna ombads betygsatta sin uppfattning av audiokvalité, videokvalité, total audiovisuell
kvalité och hur latt eller svart det var att uppfatta innehallet i videon. Utdver det blev de ombedda att
svara pa nagra fragor angaende innehallet i videon.

Resultaten visar att den uppfattade videokvalitén foljer uppfattningen om audiokvalité aven
om videokvalitén forblev oférandrad genom hela testet. Videoklipp som innehdll ljud med tillagd
efterklang blev betygssatta som samre i audiokvalité aven om uppfattningen blev betygssatt som

battre.

Detta examensarbete har utforts i samarbete med telekommunikationsforetaget Ericsson.
Sjalva studien och det tillhérande ramaterialet har blivit inspelat och tagit plats pa Ericsson labora-

tories i Kista, Stockholm.
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1 Foreword

The idea of the topic of this thesis work is a result of a serious interest in audio on a technical,
psycho acoustical and psychological level. The consumption of audiovisual media has increased
drastically in the past decades and is increasingly consumed “on the go”, meaning in public and
between tasks (such as home and work), on the train, on the street and using small devices such
as telephones and pads. How this effects our perception of media and even our comprehension of

media content becomes thus increasingly important.

It is, in my opinion, easy to find niched and specified information on specific aspects and factors
( linked to audiotechnical parameters) within both visual as well as audio media. The challenge
remains in finding relevant information on human perception of these factors in an everyday envi-
ronment. This is expected as it introduces many different aspects that intersect and overlap, which
may influence the total experience. Tests and studies taking that many aspects and factors into
account are very hard to execute because they quickly reach too great an amount of data to keep
track of.

My interest in audio in this thesis is based on my experience of video often being as-
signed a more important role in media than audio. Examples of this can be found in vid-
eoconferencing situations, where improvements often mean a bigger screen and yet au-
dio remains low in quality. Another example is the constant focus on visual effects and
visual programming in user interfaces and reviews of games (PC, console and applications).
This seems to have lead to a general assumption that audio does not matter in the same way as

video. With this thesis | aim to further investigate whether this is a misconception.

This has to my fortune also been a topic of interest at telecommunication company Ericsson with

whom this thesis has been put together. The thesis also serves as further research on subjective



2 Background and Previous work

In this chapter earlier work that relates to this study is summarized to provide a deeper under-
standing of the measures that have been taken to conduct the study. It also reveals some of the
earlier hypotheses, theories and conclusions that have helped in building this study. There are
many factors and aspects that have needed to be taken into consideration throughout the study
as it is one of a fundamental kind- based and built on the foundation of many a hypothesis. Lastly,

there’s a short conclusion of previous work in regards to this thesis.

The perceived quality of audiovisual media in videoconferencing systems as well as consumer
electronics is an ongoing topic that companies within this sector continuously strive to improve.
As new codecs, distribution schemes and applications are being developed, it seems that focus
mainly lies within the perception of only visual information (Winkler, 2005). According to Storms
and Zyda (2001) the combination of audio and video, however, plays a part in the overall percep-
tion of an audiovisual service. This applies in particular to the perceived pleasantness, intelligibility
and comprehensibility of such a service, according to Oyda, Czyzewski and Kostek (2001). The role
that audio has on overall perception of audiovisual quality has also been found to differ between
different interactive contexts such as task based and non task based contexts. This was stated by
Susini et al. (2012) while Borowiak et al. (2014) pointed out the importance of audio cues for the
same purpose. Further studies on the matter of perception during multi-modal tasks have been

conducted by Rimell et al. (2008) (see chapter 2.2) .



2.1 Linking Audio and Video with regards to Perception

Beerends and De Caluwe (1999) established links between certain factors within the auditory and
the visual modality when it comes to overall perception of audiovisual (AV) media by studying certain
changes within both video and audio that are harder to notice than others when produced simulta-
neously. The subjects were introduced to about 25 seconds long audiovisual commercials where the
audio and/or video channel was changed. Their task was to determine their perception of audiovisu-
al quality or only audio or video quality in the media. The changes included filtering in the frequen-
cy spectrum for the audio channel and luminance changes such as lightness for the video channel.
The results showed that even though audio did in fact influence the perception of video quality,
the influence of video on audio quality was higher. As the study focused on whether an overall
change in video and audio was detected when displayed simultaneously, it disregarded a deeper
analysis of the results. The results also applied to a change in both the visual and auditory channel
and does thus not allow for conclusions to be drawn on the contributions of each channel, sepa-

rately.

2.2 The influence of content and task on perception of multi-
media quality

Examining the perceived quality of the two modalities (visual and hearing) separately and together
has been found to be influenced by the interaction of one another. Another influence that plays an
important role in quality rating is task- based performances when the task is more related to one
of the two modalities. When focusing on one modality, for example audio, the perceived quality of
the other modality (video) seems to follow the quality of the audio, regardless of the video’s true
quality (Rimell et al. 2008). Through findings like these, it is clear that the two modalities influence
each other and that they both play an important role in the total perception of audiovisual media,

although video is generally perceived as superior to audio.



2.3 Altering perception of Audio through Video

Further studies within the role of correlation between audio and video have mostly pursued an-
swers to whether video quality can alter the perception of audio. In a study by M.P.Hollier, R.Voelck-
er (1997), various degradations were added to a video signal to measure the perception of audio
within the general perception of the AV experience. Also a number of audio degradations were
added although they were fewer in quantity than the amount of different video degradations. The
degradation in video included two levels of: Blurring, White noise and flickering at the edges. The
audio variations included: No degradation, Band filtering and Modulated Noise Reference, which
is speech modulating a combination of input speech and noise, mainly used in the telecommuni-
cation industry (ITU P.810). As this was more of an overall study investigating whether video quality
affects the perception of audio quality, the findings were that there are drastic differences in the
perceived quality. The differences are also very drastic between small changes such as in what or-

der the questions were asked and whether only the audio channel was activated.

2.4 Videoconferencing and Interactive media studies

B.Belmudez et al. (2009) found the separate audio and video channel impact to be of varying im-
portance to the perceived quality in videoconferencing systems based on the focus of attention
each channel requires. Many studies conducted within subjective testing of perceived quality have
incorporated degradation of audio and/ or video using codecs and compression rates as parame-
ters for change (factors of influence). The study by B.Belmudez et al. (2009) showed that subjects
are less sensitive to changes in audio when their attention is dedicated or partly dedicated to
performing a task. However, the perception of audio does vary based on the amount of focus on

solely the audio or video channel.
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2.5 Intelligibility and attention

Based on previous research by K.S.Rhebergen et al. (2008) on the role of real life background noise
on the intelligibility of speech, Wong et al. (2012) found that the intelligibility of speech in noise is
affected by the presence of linguistic information, the level of low frequency noise and amplitude
fluctuations. The study was conducted using recorded noise from real life situations; background
noise from a café, street and lower deck of a double decker bus. Results from the study indicate
less intelligibility of speech for background noise with linguistic information than static noise. How-
ever, the differences are far less dramatic when the overall level of noise is dropped. This is some-
what contradictory to the Lombard effect and Lombard speech, which among other things points
out the unintentional focus on an audio channel when noise is present (See the Lombard Effect,

page 30).

1



2.6 Conclusion of previous studies in regards to this thesis

Not many studies have been conducted solely devoted to investigating the implications of audio
in the overall perception of video quality. This may be because of the various possibilities of con-
tent and mediated information of a video that can range from generic music to information given
by multiple speakers. As mentioned before, the level of interaction and concentration also plays a
role in perception (Rimell et al. 2008) of AV- i.e. are we listening to a speaker or are we participat-

ing in a discussion?

There are several aspects to audio perception such as the previously mentioned, objectively mea-
surable codecs, digital compression and streaming rates. However, factors connected to human
subjective perception, and measurable for example with psychoacoustics methods, are rarely con-
sidered. For example, natural/realistic stimuli are rarely used in perceptual tests for the evaluation
of quality of service (QoS) or quality of experience (QoE), while artificial test tone and white noise

are often used.

A number of studies and research on psychoacoustic phenomena as well as perception of qual-
ity in multimedia have been conducted, although not many of them have been merged for the
purpose of studying the effects they may have on one another. As the use of multimedia grows
and evolves at high speed, an understanding of the effects and perception of multimedia is vital.
Because of the many factors that connect and overlap each other from neurology to psychology
and cognition as well as culture, it is important to continuously study the effects of multimedia as

it evolves. After all, we evolve alongside multimedia.
Since the question “Can the perception of video quality be altered by changing the quality of the

appurtenant audio signal?” hasn’t been answered in previous work, this thesis needs to focus on

answering that question before moving on to possible follow-up questions.

12
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3 Aim

The aim of the study is, on a general level, to investigate whether audio effects the perceived
quality of video. The question of the thesis is thus: “Can the perception of video in audio visual
media be changed by changing the audio signal?”.

Furthermore the study aims to (with the assumption that the answer to the first question is
affirmative) answer follow up questions such as “How does the perception of video change?”.
Since small differences in the presentation of video, audio, the content of video, length of video
and the order of questions asked can effect perception, this subjective test has taken into consid-
eration many of the possible influences these changes may have, as well as the ( parameter) chang-
es tested. The factors ( parameters) focused on in this thesis have been carefully chosen based on

everyday usage of communication media today.
Another influence that has been looked at is the importance of comprehensibility. However, al-

though the study does investigate this measuring the results, it does not dig deeper into the

cognitive aspects of attention, learning and memory. Nor does it focus on intelligibility of speech.
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4 Method

In this chapter the procedure of the test is explained. Preparations for the test and how the test was
conducted is also explained. As many factors and aspects have been taken into account, a little
about each one is also presented.

Abbreviations, specifications and terminology is explained throughout the chapter. The
specification parts that do not explain the actual procedure, but rather explain measures taken in
the procedure are marked with *. The choice of method was qualitative as the data collected was
subjective feedback by voting. Even though statistics have calculated, their purpose is not to prove
an already existing hypothesis and thus the method isn‘t entirely quantitative. Because of the large
number of factors and aspects needed to be taken into consideration, the possibilities of using past

research in the field as reference points to build hypotheses on, were limited.

4.1 Walkthrough of the whole test

27 participants (4 women, 23 men) of ages 20-65 were instructed to watch two sequences of au-
diovisual clips and rate their level of comprehension of the content as well as their perception of
the video quality, audio quality and audiovisual quality. They were also requested to answer a few
questions about the content of each clip. All of the subjects were invited via an internal e-mail list
used for recruiting test subjects at Ericsson and were given two cinema tickets as a reward for their
participation. The two sequences consisted of 12 video clips each. There was a 10 minute break
between the two sequences. The duration of each video clip was about 45-50 seconds, after which
participants were given 20 seconds to answer two questions about the content and 20 seconds to
rate their perceived quality of the previous video. All participants reported having normal hearing
and did not suffer from conditions such as colour blindness. Before the test sequence started, the
participants were shown three reference videos in order to get used to and familiarise themselves
with how the test was to be conducted.The order of video clips watched was randomized in a con-
trolled way, so that all participants were introduced to all the audio degradations.

The method chosen for the study was a compilation of subjective testing and semi struc-

15



tured interviews. A combination of the two was judged to give the best and most reliable results as the

test focused on subjective perception, which is difficult to measure in only numbers.

4.2 Content

Since both perceived quality and comprehension was to be looked at, the content
needed to include spoken information in a situation that the subjects could relate to.
The footage in the videos included four single speakers (two women and two men) reading six
manuscripts divided in two or three parts- 14 sections in total. Four single speakers (two women
and two men) speaking freely about a subject of their choice while often introducing an item con-
nected to the subject, such as a coffee cup. To minimize the possibility of recognition and previous
knowledge of the topics, the stories delivered by the speakers were all made up or personal. The
gender balance in all videos was half and half. The manuscript videos were read by an equal num-
ber of women and men and the free improvisation videos were presented by an equal number of
women and men. The videos were 24 in total (in spoken content) and separated into two groups

dependent on the content: Manuscript videos and Free improvisation videos.

Manuscript

Four different speakers (two women and two men) were chosen to read a manuscript about vari-

ous topics. The topics spoken about included:

Subject (video) 1: General information (update) on issues in a housing system -2 parts
Subject (video) 2: Advertisement information on a new mobile phone -2 parts
Subject (video) 3: A story about a walk in the woods -3 parts
Subject (video) 4: Legal text on rules that apply for a test -3 parts
Subject (video) 5: News information on a planned space trip -2 parts
Subject (video) 6: Welcoming information for a participant at school -2 parts

The speakers talked for about 45- 50 seconds in each part. The stories told were not unique to the

16



speakers as they all read the same manuscript. This was to minimize the risk of the perception of

a video based on the person in the frame or preferences to male or female voices rather than the

video and audio in itself.

Figure 1. A still frame of one of the free videos. The man in the video is introducing a meditation bowl.

Free improvisation

Additional speakers (two women and two men) speaking about two subjects each about freely

chosen topics were recorded. All speakers introduced an object as seen in figure 1 and presented

a made up story about them. Each story was unique to the speaker (none of the stories were re-

peated by a different person). This kind of video will be referred to as “free improvisation video”

in the thesis. The objects introduced in the free improvisation videos were:

Person 1:

- A Kenyan statue of a giraffe

- A Nepalese meditation bowl (see figure 1)
- A Fair Trade textile shopping bag

Person 2:
- A marker pen

- A bottle of sparkling water

17

Person 3:

- A coffee cup
- An umbrella
- A calculator

Person 4:
- An audio cable

- A hair clip



Reference videos

Reference videos of the speakers were shot for the purpose of introducing the subjects to the test
methodology prior to the test. The videos were also freely improvised. This way determining the
perceived quality would be more consequent. The reference videos were chosen so that the range
of degradations was at each extreme and one of mid quality.

All topics were presented in Swedish, as it was the native language of all speakers. All test
subjects were also native Swedish speakers, in accordance to the ITU-T standard for subjective

testing P.800.

4.3 Randomisation of order

A running order for each sequence was generated by first giving each original clip a unique num-
ber. Using “Random sequence generator” at www.random.org (a free website number generator)

12 different playlists were created.

For each playlist eight degredations of audio were
also drawn using the same generator. The eight deg-

radations appeared equally over all playlists.

4.4 Video

Figure 2. Sony FDR-AX1 video camera. Picture taken
from http://www.sony.co.uk

Equipment

A 4K camera (Sony FDR-AX1) was used for cap-

turing the footage of all videos. See “Resolution” page 20.

18



Positioning

The camera was positioned at a distance of approximately 250 cm from the speakers and zoomed
in on the waist upward and about the size of a head above the scalp of the speaker, leaving room
for three people in the horizontal plane. Two camera lights were lit on each side of the speaker to
help the video camera interpret the light better. The background was a white screen with matte

texture. Figures 3 and 4 show the video recording setup from different angles.

Figure 3. A snapshot of the equipment setup slightly before recording. The panorama picture reveals that the
room has been treated with acoustic panels to minimize resonance and standing waves.

Figure 4. A closer look at the setup. The microphone is placed on the right hand side of the camera, pointing
towards the middle of the screen.

19



4.4.1 Size and conversion

The footage was shot using a 4k video camera. The footage was then imported into Adobe Pre-
miere CS6 and sized down to HD quality using the 1440 x 1080 (HD Anamorphic 1.33) standard.
H.264 was chosen as video format as it is a video codec widely used in both amateur as well as

professional situations.

UHD (uitra High Definition)

Figure 5. A table showing the difference in size on a screen. 4K is about four times the size of HD1080.

4K resolution *

The term 4K refers to the amount of pixels on the horizontal plane, which exceeds 4000 in number.
This standard was created by the Digital Cinema Initiatives, (DCI), a group of joint motion picture
studios establishing standards for digital video media. The definition of 4K according to the DCl is

4096x2160 pixels and is widely used by professionals in the film industry.

20



HD resolution *

HD stands for High Definition and is a consumer standard within video media today. The numbers
that follow the abbreviation (such as HD 1080) refers to the resolution on the vertical plane, as
opposed to the 4K system, where the resolution is defined on the horizontal plane. In some cases,
the aspect ratio of each horizontal pixel is given as (1.33). The number refers to the value each
pixel has been converted to and should be multiplied with in order to display video information
correctly.

A display resolution of 1440 x 1080 will, using 1.33 aspect ratio be translated into a full
1920 x 1080 display resolution. HD resolution standards are also found in smaller sizes, such as
1280x720. These standards can be found in a high number of TV- screens and projectors as well as

computer monitors today. Most TV broadcasters also allow HD.

H.264 *

H.264/MPEG-4 AVC is a block-oriented motion-compensation-based video compression standard
that is able to achieve high quality video with a relatively low bit rate. Developed by VCEG (Video
Coding Experts Group) together with the more familiar MPEG (Moving Picture Experts Group),
H.264 is identical to MPEG-4 AVC (Advanced video coding). It is widely used for online video
streaming using lossy audio compression, and is considered a standard in BluRay discs, where the

audio compression is lossless.

21



4.4.2 Colour correction

The videos were colour corrected to ensure that none of the videos differed noticeably in colour
information. Colour correction included slight adjustments of brightness, contrast and hue and

saturation levels. Figure 6 shows a difference between uncorrected and corrected video.

Figure 6. Before and After. The picture on the left is a still picture from the video footage before colour cor-
rection. The picture on the right has been slightly colour adjusted and brightened.

This was done subjectively using A-B comparison between videos and checked on various moni-
tors to minimize a preception of discolouration on monitors that offered less in colour resolution

(bit-depth). This way the colour quality was kept consistent over several types of displays.

22



4.5 Audio
4.5.1 Technical Specifications

Microphone *

The appurtenant audio for the speakers was recorded si-
multaneously as the videos were shot using two different
microphones. The microphone used primarily for picking
up sound in the videos was a Shure KSM32, shown in fig-

ure 7. The microphone is a large diaphragm condenser

microphone with directional a polar pattern (car-
dioid) and a sensitivity of 16mV/Pa at 1000Hz. The

frequency response is quite flat except for a slight

boost around 4-7kHz and below 50Hz, which was Figure 7. Shure KSM32 Large diaphragm

cut off in the audio processing stage, shown in fig- condenser microphone. Courtesy of Shure

at www.shure.eu
ure 8 and 9.

Polar Patterns

250 Hz 2500 Hz
500 Hz 6400 Hz
1000 Hz -==-- 10000 Hz ==~~~

Figure 8. The polar pattern of the Shure KSM32 microphone shows its pickup sensitivity from different
angles. The pickup varies sightly with frequency, being less dismissive of frequencies below low-mid (ca 400-
500Hz).The picture is included in the technical specification that comes with the microphone.

23



Frequency Responses Figure 9. The frequency response of the
Shure KSM32 microphone. There is a slight

boost in the low frequencies below 300Hz.
This does effect the frequencies that are
important for the reproduction of human

. speech, as there is very little vital informa-
- tion in these frequencies. The boost starting
60 cm at 3000Hz and peaking at 7000Hz is quite
common for microphones suited for vocals
as this area strengthens the frequency areas
of consonants and sibilance (s-sounds). The
area 2kHz- 4kHz is the most important for
intelligibility of human speech.

+20

+10

dB

20 50 100 200 500 1k 2k 5k 10k 20k

Hz

The microphone was placed at a 35° angle from the speaker and 0° off axis from the middle of the
recorded video frame, at a distance of approximately 30 cm. A shotgun microphone was attached
to the video camera, picking up scratch sound (a term used for all audio that is used as a guide)
that was later used as a reference to synchronize the externally picked up sound to the video cor-
rectly. When shooting a single person, the speaker was instructed to stand in the middle of the

video frame for best audio pickup, as shown in figure 10.

Microphone (Shure KSM 32)

: Video Camera (Sony 4K FDR-AX1)

approx. 250 cm I n

Figure 10. Positioning of pick-up equipment from above. The circle on the left represents the sound source.
The picture is not scaled proportionately and shows only a sketch of sthe setup as a guide.
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Digital Audio Workstation *

All recorded audio was imported into Avid ProTools 10 and slightly processed. The process includ-
ed slight compression for better control the dynamics. Speech or vocals (sung vocals, beat boxing,
rapping, yoddeling) is one of the most dynamic instruments in the World and must therefore be
“tamed” a bit to better fit into the restricted frame of the digital realm. However, this process is
something a human ear barely hears, but is noticed by the metering systems. The process did not
take loudness into consideration, as that was a separate process (see “Choice of loudness”, page

26).

4.5.2 Audio quality

The audio of the videos was recorded in 48kHz/ 16-bit PCM and loudness matched to a perceived

loudness of -23dB in Adobe Audition. The recorded external noise was also loudness adjusted to

Figure 11. Logotype of EBU recommendation
R-128. A majority of radio stations and other
broadcast stations in Europe follow this rec-
ommendation, standardized for the purpose
EBUR 128 of keeping a constant loudness level in broad-
—the EBU loudness casting, especially for commercial stations with
recommendation compressed advertisement material.
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Specifications of the original audio

The original audio of the videos was left at a sample frequency of 48kHz and a bit depth of 16-
bit. All audio was coded in PCM (Wave).

Sample Frequency *

The sample frequency of audio refers to the frequency samples taken of an analogue signal in
digital converting. The higher the frequency, the more accurate the translation to digital informa-
tion within the range of audio frequencies will be. 48kHz is a standard sample frequency for visual
media content such as DVD and BluRay and easily allows quality representation of the frequency

spectrum of human hearing.

Bit depth *

The bit depth refers to the amount of bits used to represent the dynamics (position in binary code)
of a digital audio signal. The higher the bit depth, the more detailed the dynamics of the sound. A

bit depth of 16 is standard for audio CD:s and allows for a dynamic range of 96 dB.

4.5.3 Choice of Loudness

Loudness is the expression used for the perceived (subjective) audio level of a sound source.
Since human perception of audio level isn't linear(perceived level is dependent on frequen-
cy), several factors have to be taken into consideration. All audio needs to be loudness
matched in order to minimize the risk of biase due to difference in perceived amplitude.
Loudness, measured in Loudness Units (LU) are not limited to only Sound Pressure Level (SPL). The
main factors affecting the perception of loudness of a sound source are the acoustical sound pres-
sure, the frequency range and the duration of the sound. In this test, after comparing the two, per-

ceived loudness was chosen over -23 LUFS (although the differences where barely distinguishable).

26



Match Volume

= R

Name . Status Stage Loudness Perceived Total RMS

#» Mariana_1cc.aif Done (0,00 dB) -25,35 dB -22,93 dB -28,91 dB -09,40 dB
#+ Mariana...opy.wav Done (0,00 dB) -28,42 dB -22,99 dB -31,19 dB -12,46 dB
#> Mriana_...opy.wav Done (0,00 dB) -27,12dB -23,02dB -29,65 dB -07,80 dB

# Tommy_l.wav Done (0,00 dB) -21,78dB8 -23,00dB -2798dB -05,88dB

#- Tommy_2.wav Done (0,00 dB) -24,31dB -23,00 dB -25,67 dB -04,14 dB
#- Tommy_3.wav Done (0,00 dB) -25,01dB -23,00 dB -29,32 -07,27 dB

Clear All Match Volume Batch Process...

Match Volume completed in 0,00 seconds

Figure 12. In the process of matching loudness in Adobe Audition. The program offers several settings for loud-
ness. Here loudness and perceived loudness are compared next to the RMS and the peak value.

EBU R-128 *

Loudness has been actively researched and tested by the International Telecommunication Union
(ITU), which has resulted in several recommendations such as the ITU-R BS.1770 in 2006 and an
updated version called BS.1770-2 in 2011. The later recommendation has been adopted by the
European Broadcasting Union (EBU) for standardizing of broadcast levels under the name EBU

R-128. This standard obeys a Loudness level of -23LUFS (Loudness Units Full Scale).

Perceived Loudness *

In 2011 a study conducted by Begnert et al. ( 2011) a comparison between perceived differences
of EBU R-128 metering and subjective human loudness was made. The study focused on whether
differences between the R-128 and subjective human hearing could be established using natural
speech, commercial speech, non-mastered music, mastered music etc. The results of the study
reveal slight differences between content and perceived loudness if only at an average maximum

difference of 2.8 dB.
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4.6 Audio Degradations

The audio degradations (in addition to the original audio) introduced were:

1. Wide Band (50 Hz- 7000 Hz) Abbreviation: WB
2. Narrow Band (200 Hz- 3400 Hz) Abbreviation: NB

3. Reverberation (Stereo) Shortening: Rev

The reason for testing perception for NB and WB is that these are codecs widely used within
telephony today, NB being telephone audio and WB being an upgraded version (HD telephony).
The degradations are explained in this chapter. Each of the degradations along with the original
audio was also combined with an additional audio track consisting of noise recorded in a metro
train. The noise did not include any intelligible speech and was not subject to any audio degrada-

Two different kinds of codecs were chosen for the final processing of the narrow- and wide
band degradations. Various ITU- standards of band pass filters can be found for simulating codec
behavior of an audio signal. In this study an actual codec was chosen as it was judged to be a

slightly more accurate approach to everyday use than merely a filter.

Narrow band (NB)

AMR: Adaptive Multi- Rate

The narrow band codec was released in 1999 and is optimized for coding speech. Signals ranging
from 200Hz to 3400Hz are encoded at variable bit- rates ranging from 4.75 kbit/s to 12.2 kb/s and
a sample frequency of 8kHz. In the case of the test a bit- rate of 12.2kb/s was used. AMR is a stan-
dard speech codec used by 3G and GSM.

“The weighting corresponds to a bandpass filtering characteristic whose mask can be found in
ITU-T Recommendation P48 [REFERENCE COMES HERE] . In this specification a sampling rate
of 8000Hz is used, leaving the highest possible frequency sampled with minimum aliasing to be
4000Hz in theory (about 3500 Hz in practice).

The spectral shapes of this weighting were obtained in a round-robin series of measurements
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made on analog telephones in the1970's. he average send and receive frequency response char-
acteristics were derived from these measurements.

For loudness balance purposes this standard includes a 300-3400 Hz bandpass filter, known as
the SRAEN (Systéme de Rétérence pour la détermination des Affaiblissements équivalents pour
la Netteté; Reference System for determining Articulation Ratings) filter.

This weighting has been chosen to simulate speech signals obtained from a regular handset as the
P48 IRS weighting standard models an average narrowband telephone.”

(A compilation of ITU-T standards G.711, G.721, and G.728)

Wide band (WB) and ITU-T recommendations

AMR- WB: Adaptive Multi- Rate Wide Band.

The codec is an improvement of the standard telephony codec AMR as it provides a frequency
range of 50-7000 Hz. It is in accordance with the ITU-T standard G.722.22. The standard uses a
sampling rate of 16 000 Hz which in practice results in a bandwidth of 50-7000 Hz. Compared to
the option of narrow band it provides a substantial improvement of the quality. This applies espe-
cially for applications where speech is to be heard through high quality loudspeakers e.g. for audio
or video conference systems or other audiovisual telecommunication. It also introduces comfort
noise, which is a synthetic background noise to fill in the silent gaps that are a result of voice ac-
tivity detection. The codec is used for improved wireless communication systems such as Telia’s
recently launched “HD Voice".

The ITU-T Recommendation G.722 uses a sampling rate of 16 000 Hz, which in practice
results in a bandwidth of 50-7000 Hz. Compared to the option of narrow band it provides a
substantial improvement of the quality. This applies especially for applications where speech is to
be heard through high quality loudspeakers e.g. for audio or video conference systems or other

audiovisual telecommunication.

Reverb

Reverberation ( reverb for shortening) is the multiple echoes that occur when sound waves bounce
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off the physical boundaries of an environment ( such as walls). This is a naturally occurring phenomenon
that helps the auditory sense to locate and grasp a physical environment. The decision to use reverb as
a degradation of sound was influenced by previous research on the impact of early reflections, reverb
and anechoic sound when measuring intelligibility of speech, such as (but not limited to) the Lombard
effect (see page 30). The impact of early reflections is the relevant one to this paper as it has been stated
to noticeably enhance intelligibility of speech (Bradley et al. 2003). On the other hand, research by Hu
et al. (2013) on the effects of early reflections used in cochlear implants yielded in opposite results. In
their study the average speech intelligibility scores were 90% when presented with an anechoic signal
and 70% when presented with only a short, early reflected signal with an RT60 (reverb time) of only 0.3
seconds.

This raises a question of whether early reflections improve intelligibility of speech only for signals
that are not directly fed into the ear, but rather travel through a medium from a sound source to the ear,
allowing for natural acoustic pressure and phase interference? In this paper, the study introduces the
subjects to an audio channel distributed through headphones, which can be considered to be a “com-

promise” between cochlear implants and loudspeakers.

The Lombard Effect

The Lombard Effect, named after its discoverer Etienne Lombard (Lombard, 1911), is the involuntary
and mostly by oneself unnoticed change in vocal amplitude (SPL) when speaking in a noisy environ-
ment. Although often being incorrectly referred to as a “reflex”, the Lombard Effect has been found to
incorporate differences within cultures, thus making it a cognitive phenomenon.

In 2010 Hodoshima et al. conducted a study where they introduced their subjects to recorded
messages read out in quiet, reverberant and noisy environments. Some of the recorded audio signals
were also introduced with reverberation and some with white noise. Their conclusion was that the sub-
jects found reverberant messages to be more intelligible than quiet ones. Interestingly enough, the
same applied regardless of whether the simulated reverberation matched the surrounding acoustics or

not. This phenomenon has been referred to as “Lombard speech”.
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Early reflections (Reverb)

The full band (unprocessed) audio channel that introduced maximum audio quality of 16-bit linear

PCM was infused with a reverb using the standard Dverb- reverb of DAW ProTools 10. The reverb

was short and had a pre-delay of 20ms and a wet mix of 24% - all in all a standard reverberation

of a medium sized room.

FRIJohan-Dvrb_03 FRIJohan-Dwrb_03
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Figure 13. A snapshot of the audio wave of
an unprocessed (bottom) and processed
(top) audio signal in ProTools 10.The
reverberated signal (to the right) has a
longer tail and less detail. The audio waves
are taken from a free improvisation video
of a story about a trip to Nepal.

Figure 14. Zooming in on the syllable “Kat” in Katmandoo the effects of reverberation (top audio wave) be-
come more clear. Notice how the “silent” sounds (at the end of the word) are louder than in the original (bot-
tom audio wave). Simultaneously the peak is softer than in the original- resulting in poorer dynamic range.
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4.7 Facilities and acoustics

The video footage of the speakers was recorded at a multimedia laboratory used for testing vid-
eo and sound setups at Ericsson in Kista, Stockholm. The room was acoustically treated as well
as sound proofed and the noise floor in sound pressure level was measured to be ca 29 dBA (SPL
A-weighted).

The background of the speakers was a white canvas screen and lighting was used to adjust

the appearance of the speakers to minimize any discolouring that the camera may add.
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Figure 15. An image of the Ericsson Multimedia Lab facilities taken from the Ericsson international technical
report. The facilities are used for testing various media.

Room (space), size

The rooms were optimized for subjective testing of Audio, Video, AV, 3D audio, two-party tele-
conference tests (interactive, conversational) and multiparty teleconference tests. (See figure 15,

Overview of Multimedia labs)
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Figure 16. Panoramic view inside booth “D”. The smaller screen on the table is the touch display for voting.

Temperature
The temperature was kept constant at 22°C with the help of silent air conditioning, designed to ap-

prehend a constant temperature without making noise. During pauses and between test sessions,

a more effective air conditioning was turned on.

dBA

The noise floor was measured with an SPL meter in each room and reached no more than 28 dBA.

This was slightly less than in the multimedia labs where the original audio was recorded.

4.8. Running tests

The tests were not completely in accordance with MUSHRA (Multi Stimulus test with Hidden Ref-
erence and Anchor), an ITU-R recommendation for evaluation of multiple or double stimulus that
has been found successful (Thoma 2012) in that the subjects were not in control of the sequence

of the videos, nor could they replay any of the videos.

33



The setup was designed to accept four participants at a time during test. Three rooms labeled “A”
, "C",and "D" were equipped with one desktop PC with mouse, keyboard and screen each) and a

touch panel PC:s used for recording the scores during MOSTER- testing (MOS- testing).

Figure 17. A screen shot of MOSTER reporting a disconnected terminal.
The terminals are named after the testing booths: “A”, “C” and “D”. The re-
sults are reported in a column below each terminal.

The MOSTER system occupied four computers: three test computers (A, C and D) and a “master”
computer control PC. How to run the test was specified in an xml- file on the control PC. The xml-
file specified the size of the video display, the background colour and the colour shown between
videos, the type of voting scale (buttons, A-B, resolution of scales, name of scales), the voting
time, the number of videos in each sequence including the reference sequence and which playout
computers to connect to (A, C and D in this case).

For each sequence that was to be played out a play order text file was created, pointing
to a number that served as a file ID for each video in a video catalogue listing all videos including
reference videos. The actual media files were all stored in identical folders on each of the playout
computers (A, C and D). The Control PC recorded the score of the votes placed on the touch dis-

plays and created an Excel document for each session.
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4.9 Instructions and testing

Before the participants stepped into the test booths they were given instructions on an A4 paper
with a picture, showing the setup of the test, after which a thorough, oral presentation of the pro-
cedure was given. The participants were then all introduced to the test booths and given a recap of
the instructions by showing how the equipment works and introducing the paper questionnaires.
They were instructed to rate the media as if it was an everyday situation of conferencing or other
media telepresence (i.e. NOT as if they were sitting in a Dolby THX certified cinema). They were
also informed of the occasionally occurring background noise, which they were to regard as nor-

mal external disturbances- NOT as noise leaking into the actual audio recording.

Stora skarmen

1. Video visas pa stora skarmen. Efter videon visas en fraga

i taget i 10 sekunder. (2 fragor per video)

Kryssa i ditt svar pa svarsblanketten.

Résta pa rostningsterminalen. Tryck PA slidern- inte bredvid.
Du har 20 sekunder pa dig att rosta.

Rl

Efter att réstningstiden gatt ut visas féljande video.

Roéstningsterminal Svarsblanketter

Figure 18. This image was printed on the instructions along with a walkthrough of how the test was to
be performed. The text in Swedish is a three-step guide in which order the parts of the tests are being
run.

Paper questionnaire

The questionnaires were six A4 papers stapled together, numbering each question and listing two
questions per page. The papers were printed on only one side to minimize hassle when turning
pages. The participants were also reminded that the number on each question only appears on the
paper and is not displayed in the video itself.

The questions were not written on the papers, only multiple choice check boxes of three
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possibilities: A, B and C. The font used for the multiple choice answer boxes was “Cambria”, size

14.

Screen size

The screens used for displaying the videos on in each test booth were 20” HP LP 2065. They could

be adjustable on a vertical level to best fit the visual field of the participant.

Touch screen

The touch panel PC was an IEI PPC AFL12A. The screen reacted to both touch as well as to a small

metal pen that ensured a higher accuracy rate of hitting small targets.

Headphones
All subjects were given a pair of Sennheiser HD 280 headphones for the test. The band of the

headphones was adjustable for each person’ s comfort. None of the subjects were able to change

the volume.
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Pre test

During the pre test the subjects were given the opportunity to perform the test as it was to be
carried out including voting and answering questions. After this they all had the chance to make

comments, ask questions or report errors or other disturbances. The pre test consisted of 3 videos

of varying content and quality. The refer-
ences included one of poor audio quality
with background noise, one of medium
audio quality and one of high audio quali-

ty with background noise.

Figure 19. Sennheiser HD 280 headphones used for the test.
The band of the headphones are adjustable for each per-
son’s own comfort. The picture is taken at Ericsson labs and
modeled by an acoustic dummy head designed for record-
ing binaural audio signals.
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Media content

At the end of each clip a black screen displaying a question about the content of the video was
introduced for 30 seconds. The black colour was chosen because it did not frame the questions
which also had a black background. This was to eliminate any chance of subjects finding the text

to appear smaller if it was framed.

Voting procedure

When each video had played out, the subjects were instructed to vote on four categories regarding

their perception and impression of the video. Voting was done using a small touch screen terminal.

| Aud

Utrnarkt

Accepiabel

Mycket dilig

Figure 20. The voting terminal was available for 20 seconds after the last question had been displayed. The
sliders were continuous and responded to both touch of finger and pen.
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The categories voted for were:

1. How well did you comprehend the content?
2. How did you perceive the overall audio-visual quality?
3. How did you perceive the audio quality?

4. How did you perceive the video quality?

The voting scale was in accordance with the ITU recommendation P.800: “Methods for subjective
determination of transmission quality” and was presented as a continuous scale:

Bad- Poor- Fair- Good- Excellent

“B.4.5 Opinion scales recommended by the ITU-T Various five-point category-judgement scales
may be used for different purposes. The layout and wording of opinion scales, as seen by subjects
in experiments, is very important, and should follow the standard arrived at through years of ex-
perience. The following opinion scales are those most frequently used for ITU-T applications and
equivalent wording should be used depending on language which might result in small variations
to the original English text:

a) Listening-quality scale Quality of the speech Score

Excellent 5 Good 4 Fair 3 Poor 2 Bad 1”

(ITU-T recommendation P.800: “Methods for subjective determination of transmission quality)

The quantity evaluated from the scores (mean listening-quality opinion score, or simply mean opin-
ion score) is represented by “MOS"” (see chapter 4.8 “Running tests”).
Because the tests were run in Swedish, the translation of the scale was:

Mycket Dalig- Dalig- Acceptabel-Bra- Utmarkt

The questions were formed to match the voting scale grammatically.
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Questions on content

Multiple choice questions limited to a maximum of three possibilities were introduced at the end
of each video clip. The subjects marked their answers on a paper sheet, checking multiple choice
boxes for A, B or C. Some questions were limited to two possibilities of answers (a and b). All
questions referred to what had been said and/or seen in the video. The possible answers were

categorized as:

- One right answer
- One wrong but likely answer (a word that may have occurred in the video clip)

- One wrong answer

Example1. A question from the manuscript videos “What is the main goal of the space project?”
offers a) as a right answer, b) as a likely answer, as “China” was mentioned at some point in a dif-

ferent context in the video and c) as a wrong answer.

a) To build a permanent base on the moon
b) To keep China from building a base on the moon

c) To spend money

Example2. Same setup as in example 1, but the question is referring to the visual content of the
video.

Question 2: What kind of glasses did the person wear?

a) Square
b) Round
c) No glasses

The questions served two purposes:
- To keep the subjects from paying too much attention to monitoring video/ audio quality by
itself and keep the viewing as natural to an everyday situation as possible.

- To monitor both intelligibility and comprehensibility of the content, as it's more important to
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understand content in an information video than merely seeing good quality. Each question was
displayed for 10 seconds at the end of the video, one at a time. The subjects filled in a paper sheet

showing only the multiple choice answers.

800 [™ Test Fre 1 sq 2.xls

P BE& 5 BB & -6+ - $3 % E ™ @

Mew Open Save Print Imporn  Copy Paste Format @ Undo  Bedo © AutoSum Som A-Z Soit Z-A  Gallery Toolbox  Zoom  Help

I Sheers I Chams | Smartdrt Graphics | Wiorddurt
= A I . C D E F G H I T i L M N ] P [i

1 |Fllenurnber Fletlame Raerna,nri: Sodil RoomC,nr: loakim Roam0,nr2: Mikael

2 Hur val gick Hur beddm Hur bedion Hur beddmer du Videoke Hare wiil gick Hur beddon Hur beddm Hur beddmer du Video Hur sl gick Hur bedam Hur beddm Hae bed@mer du
3 1/0_3EADY_ALLYNBLFALahen_1_smrME.mky 41 a1 ar 38 an 2 18 -] ELY 35 -] F

4 30| O_IEADV_ALLYNB Vick od_7_M_ameMB. kv 38 37 i3 <3 32 kL] 21 42 v 3 37 37

5 23 0_READY_ALWNE\UICens_1_E_amrde mky ] s ELY EL] = o m 0 ELY 33 3 an

[ &7 C_READY_ALLYWENFAIMariana_2_smeiB.mi 41 EC) L 4D E kR 1] | g 3E E3 E7l

5y 530 READY ALYWEVWdEoL 16 amrwe miy a1 a4 01 43 a1 o 7 ] ET 33 ] a1

[] 58 | O_IEADY_ALLYWENWideoZ 1 E_armrWB mke +4 43 44 2 40 ir 3 + 41 <1 42 41

L] 5L G_READY_ALLVREN\FRIVIZrana_3_Rerbmky 42 a1 ] £3 a8 s 38 3 a1 3l 3% FC3

10 99 | G_IEADY_ALLVReviWideol 2 G_Rwib.mby X3 E-) 4 <0 & ig 43 E:) L 37 £ *

11 04| O_READY_ALLVReWideaZ_2_E_Ruwrbumky 43 43 4 44 [ a3 I ] 43 43 42 a5

12 131 G ACADY_ALLYOrighFRiohan_2_Orig.mhv 41 e EL) 35 5 Al 43 35 A 3B ] 3

13 153 | O_IEADY_ALL\OrigiWideo3_?_5_Origmky EL] 3 EE] 40 =0 aL 48 47 45 Frl 42 a3

14 180 | C_READY_ALL\Noime HNENFAITommy_1_amrNB_H. o 40 kL) 35 3B ] 7 16 3 Ly 3 ) 7

15 305 O_READY_aLYNome NEWideos 2 G_ammis_N.miks 44 an T 1 u ] 18 a7 EL] I8 -] 7

16 208 O_READY_ALLYNoise_NEVWideos_1_h_am rNE_N.mio 1 ] E 41 e] 28 2 ] ar 24 F3] F73

17 331 0_REATY_ALL\Mose_WE\FRISar_1_amriB_N.mis 4L a1 ar 24 ar as 40 1 ECY 34 % E

18 247 | C_AEADY_ALL\Moie WEWzad_3 M_amrE_M.miy ] A0 ELY 0 A& 4 4L w 4 23 7 ra

19 254 | 0_READY_ALL\Noiss_WEWideas_I_M_amrWs_N.mkv 41 E' LY ET o L) 5 35 EEY 28 % Fr
20 267 | C_AEADY_ALL\Moize ResdFR Temmy_d_Fvib_M.riky 4 41 % 43 40 aL 40 -] % 35 ] i
21 280 C_READY_ALL\Noise_ReANilecd L5 Fwrb_N.misw ET] EC) ECY 43 £ ar ET] -3 EEY 28 =] =
2 28| G_IEADY_AL\Noise_ReiVideo3 38 frb_N.mi 41 a1 EL] 1] a8 a0 1] ] 34 27 17 1
23 304 O_AEADY_ALLYNoise_DrighFR Uohan_3_Orig_N miy 41 L 33 <3 a6 i3 43 =] 7 2 43 a4
24 308 O_IEADY_ A LYWome OrighFHSara 2 Orig_N.mike 42 an ar 32 ag aL ) s EEY 32 29 =

SE i L e R Tl o o R = Y A = = = = =
@.. <4 e e [ Stomsl2 jun 2015 928 q3-895 - [ il
| Nonmal View Ready 0 sceL | @ cars [@ hum “

Figure 21. An example of an Excel sheet produced after a session. The file name on the left indicates which
media file has been played and the results of each subjects’ voting is displayed under the corresponding vot-
ing column (i.e. which category they were rating) and separated by booth (person).

Group discussions

After each test session, the group of test subjects were gathered into a quiet room to discuss their
perception of the test. Each sessions was recorded with permission of the subjects. The discussion

was a semi- structured interview based on the following questions:

- Do you have an AV interest, such as owning a home theatre system?

- Did you find anything to be of difficulty in the test?

- Was the pace at which you watched the videos and answered questions etc. good?
- How did you experience the background noise?

- Was the rating system easy to use? Did the rating system make sense to you?

- Were the pre-test videos sufficient in number?

- Did you experience difference in quality in the audio or video?

- Did you find it hard to concentrate on both measuring quality and answering ques

tions?

The purpose of the discussion was to find out a bit about how the participants experienced the
test and possibly find factors to support and/or contradict the results. The results of the discussion
are written in Chapter 5.4 “Results of group discussions” (page 54).
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5 Results

In this chapter, the results of the test conducted are presented. The analysis of the results can
be found in the chapter “Discussion”, where some of the results are also shown. Charts shown
in this chapter are referred to in “Discussion”. Each chart has a short description for clarification.
Below is a short summary of the test.

30 persons of 250 invited were accepted to participate in the test, of which 27 showed up (4 wom-
en and 23 men). The participants were all adults between ages 20 and 65. All reported having
normal hearing and eye sight, which was a criteria. People wearing glasses were accepted as par-
ticipants. Anyone reporting any kind of colour blindness was not accepted. All participants were
native speakers of Swedish. Each participant was given written instructions prior to the test as well
as an oral introduction to the test with the chance to ask questions [see APPENDIX]. A pre- test
was conducted as training for the participants, before the actual test session began, allowing them
first acquaint themselves with the test procedure. The test session included one of each extreme of
the video clips as well as one of mid- quality (one with narrow band audio, one with original audio
and one with wide band audio). The participants were free to dim the lights to their liking although
the lights were set as half dimmed by default. They also had the freedom to choose the viewing
distance to the screen although most sat at a 50 cm distance to the video display. A maximum of
three people participated in a session at a time, resulting in 10 sessions over the course of three

days (3, 3 and 4). The 648 videos were organized as follows:

Free videos (improvisational)
Manuscripts with heavy/more complicated text

All manuscript videos (read from text displayed)

The subjects in manuscript videos 1,2,4 and 5 were considered to have difficult text by (from now
on referred to as “heavy” text) the participants and was regarded as different than video 3 and
6. Figures 35a and 35b show a difference in accuracy rate and average “Comprehension” rate
between videos 1,2,4,5 and videos 3 & 6. The number of questions answered in total was 1296.
The questions were organized into 432 visual questions (questions about visual content) and 864

comprehension questions in total. Each sequence of videos included 24 videos in total (48 ques-
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tions). One question in eight was a question about visual content. The rest of the questions (40 in

total) referred to the spoken content.

5.1 Rating

In this chapter all abbreviations and shortenings will be used for audio degradations as follows:

NB = Narrow Band
WB = Wide Band
Rev = Reverb
Orig = Original
n) = noise

The scale used for rating the videos ranged from 10- 50 (10 corresponding to the lowest score and
50 to the highest score) counting two decimals. The mean value of each category was calculated.
The Audiovisual category is referred to as AV. “Uppfattning” has been translated (from Swedish) to

“Comprehension” in this table, though most are in Swedish and rephrased in t in the description.

FRI total Comprehension AV Audio Video Amount
MNB 40.23 35.54 30.67 36.1 39
NB(n) 39.5 35.21 31.03 38.06 34
wB 42.88 39.41 38.56 318.12 34
WE(n) 41.51 38.16 i4.62 39.32 a7
Rew 45.35 42,19 432.89 40.35 a7
Rev(n) 42 39.11 i7.53 15.63 38
Orig 44,81 42.71 43.14 41.05 21
Qrigin) 43.17 39.5 38.93 19.07 30
Total

average 42.43 38.98 37.17 38.96

STDEV 2.04528864 2.709983856 4.780476478 1.539292509

Figure 22 . The table shows average rating of the free improvisation videos within degradation categories.
Videos with noise in the background are marked with (n). The average of each category is shown in the verti-
cal column “total average”
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Average of Rating

On average Comprehension was rated higher than any of the other categories. Variation between

same ratings in the same category was calculated using a standard deviation formula. Significance

was thus calculated as follows: .= Y (x - x%)°
) n-1

The square root of the sum of

the squared differences between each data point (vote) and the mean average of all data points.
The category with the lowest mean score was Audio. However, it was also the category with

the highest fluctuation in the ratings (4,78). The category with the lowest fluctuation in rating was

Video, followed by Comprehension (2,05) and AV (2,71) (see figure 24). Videos were separated by

content as many subjects reported perceiving noticeable differences between some manuscript

videos (video 1, 2, 4 and 5) and free improvisation videos.

Statistics of the overall rating of in each category and each degrading were calculated. The sig-

nificance was calculated by dividing the squared differences of the sum of the value of the votes

by the mean average of all the votes. The full confidence values are shown in tables 28a and 28b.
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Figure 23 shows the rating of all versions of audio degrading within all of the four catego-
ries. The full scale is shown as participants rarely found any quality below acceptable.

5.2 Noise Versus No Noise

In general, videos with noisy backgrounds received a lower score than ones without noisy back-
ground in all categories and degradations, except for manuscript videos’ AV with Narrow Band,

where the Narrow Band clean signal received the average score 35,35 while Narrow Band with
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noisy background received 35,58 (avg. difference 0,23 for manuscript videos and 0,33 for free

videos).

50

39.50

+ AV Free improvisation
m AV Manuscript (heavy)
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NB NB(n) WB WB(n) Rev Rev(n) Orig Orig(n)

Figure 25. The average AV quality score was higher for manuscript videos in general, except for Rev(n),
where the free videos received a 0.51 higher score than the manuscript, and clean NB, where the free videos
received a 0.19 higher score than the manuscript videos.
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Figure 26. The Free videos received a higher score in all categories than the manuscript videos 1,2, 4 and 5.
Here video no. 3 and 6 were left out as the subjects neither considered them manuscripted nor truly impro-
vised.
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Figure 27a. shows Confidence rated for free improvisation videos.
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Figure 27b. shows Confidence rated for manuscript videos with heavy content.

Figure 27a (top) and 27b (bottom) A closer look at the results of rated “Comprehensibility” reveal the confi-
dence value of each category. A general opinion of the participants was that the quality never reached unac-
ceptable and didn’t vary as much as they had expected. This is reflected by the slim variation of points given
by most participants. Figuree 28a and 28b show the confidence values as numbers.
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Confidence Comprehension AV Audio Video Figure 28a. Table of confidence rated for free
Free Imp total improvisation videos. The table shows the
NB 0.63506945930457 0.8978024 | 1.7106401|0.5028263| full numbers. At the end the numbers were
NB(n) 0.64315984227028| 0.8978024| 1.682823 0.4894152| rounded off to two decimals.
WB 0.61976433166272| 0.850516| 1.5199436| 0.4894152
WB(n) 0.62727690088338| 0.8616343 | 1.6068666| 0.4830999
Rev 0.59874922826498| 0.8195777 | 1.4457548| 0.4770229
Rev(n) 0.61976433166272| 0.850516 1.5403465| 0.4830999
Orig 0.60551497101934| 0.8195777| 1.4288448| 0.4711697
Orig(n) 0.61251537665855| 0.850516|1.5199436| 0.4830999
Confidence Comprehension AV Audio  Video Figure 28b. Table of confidence rated for
Manuscript videos (heavy) manuscript videos with heavy content. The
NB 0.9005130757021 1.1191923 1.9522686 0.6434048| table shows the full numbers. At the end the
NB(n) 0.9129345324874 1.1191923  2.02079 0.6353114| numbers were rounded off to two decimals.
WB 0.8554585217794 1.0340625 1.7346362 0.6200004
WB(n) 0.8660857431844 1.0602455 1.7821693 0.6353114
Rev 0.8257803552053 0.9981881 1.6120328 0.5989773
Rev(n) 0.8885852235567 1.0741055 1.7346362 0.6434048
Orig 0.8452131399533 1.0097282 1.6499681 0.6057456
Orig(n) 0.8771191273927 1.0602455 1.7579209 0.6200004
AV All videos
50
40
30
20
10
NB NB(n) wB WB(n) Rev Rev(n) Orig Orig(n)

Figure 29. Confidence levels of AV ratings for all videos. The variation is greater in general for the manuscript
videos with heavy content than for the free improvisation videos.
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Subjects experienced less difference between Narrow Band videos with and without background
noise compared to noisy and “clean” videos with higher audio quality. The biggest difference
experienced was between noise and no noise in the AV quality rating of manuscript videos with
reverb (avg. difference 6,18).

The perceived video quality was experienced as worse in a noisy environment when com-
paring the same kind of audio degradation. No significant difference was found in the subjects’

rating between videos containing female speakers and videos containing male speakers when

Y-
n-1

calculating the statistical significance (using the standard diviation formula - ) of the two
and so the taking gender into consideration in further statistics was dis-

carded. Table 31 shows a quick comparison between the perception of videos with similar content
containing female and male speakers.However, there were clear differences in comprehension
rating between types of video content. Manuscript videos constantly received a lower average

score on comprehension than the free improvisational videos. However, the AV quality rating for

manuscript videos remained at a higher score than the free videos, except for NB.

Free Improvisation Video
50

e
B

o $ t

20

NB NB(n) wB WB(n) Rev Rev(n) Orig Orig(n)
+ Audio m Video

Figure 30a. This chart shows the results of the audio and video (separately) quality ratings for the free impro-
visation videos in closer detail. There is a great difference between the variety of perceived audio quality and
video quality. As most participants claimed, they perceived very little difference in video quality.
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Figure 30b. The chart shows the results of audio and video (separately) ratings of the manuscript videos in
closer detail. When comparing Figure 30a and Figure 30b, there is a slight difference of variation in perceived
video quality. The free improvisation videos contained more movement of the subject in the camera than the
manuscript videos, which test subjects reported to have generated a slight difference in their perception of
video quality. This claim was discussed in groups afterwards and divided opinions between subjects.

Video 1 Video 4
Male Female Male Female
Avg Comprehension 39.1 39.8 Avg Comprehension 37.7 39.6
Avg AV 39 39.8 Avg AV 36.2 40.71
StDev AV 6.10488 5.956268 STDev AV 8.02171 7.259856
StDev Comprehension 7.568746 7.035285 STDev Comprehension 7.40393 8.554777

Table 31. A table of videos 1 and 4 shows the standard deviation between the scores of female and male
speakers for videos with similar content, within categories “Comprehension” and “AV quality”. Both videos
are manuscript videos. Video 1 was seen 38 times with a male speaker and 18 times with a female speaker.
Video 4 was seen 21 times with a male speaker and 55 times with a female speaker. Other conditions (de-
grading and noise) was not considered in this calculation.
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5.3 Results of Questions

Only one person left one question unanswered during the test. All questions answered were thus
1295 in total. There were 50 different questions in total, of which each person was introduced
to 48. This was because some of the manuscript videos showed the same content although the
questions asked about it were different. Many of the subjects reported the content being of great
importance for comprehension and attention given to each video, so the videos were categorized
as "Free Improvisation videos” and “Manuscript (heavy content) videos” ( which included manu-

script videos 1, 2, 4 and 5).

50
45 :
X
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X X
. |
40 X : i [ . ¢ Audio Free Improvisation
[ | [ s ¥ Video Free Improvisation
[} Audio Manuscript (heavy)
35 3 X Video Manuscript (heavy)
*
30
25
MNEB ME{n)] WB  WBin) Rev  Rewin] Orig  Origin)

Figure 32. The figure shows an overview of how the audio and video quality separately was perceived for
manuscript videos and free improvisation videos. The perceived video quality follows audio quality al-
though it remained unchanged.

This was expected and is supported by the findings in the results for comprehension. Figure 32
shows that the perceived video quality follows the perceived audio quality for both types of vid-
eos, as expected. This is the case for all the audio degradations in the free improvisation videos.
Interestingly enough, the same clarity is not displayed in the manuscript videos. The lower the
audio quality in this category of videos, the less similarity between the perceived video- and audio
quality is found. The perceived video quality doesn't start to follow the perceived audio quality
until the audio quality is higher. However, the perceived audio quality seems to be less dependent

of the content in the videos.
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o
28 85.70%
26 88.50%
26 96.20%
26 73.10%
28 85.70%
28 85.70%
16 93.80%
22 81.80%

Table 33a. Accuracy percentage of the “Free improvisation” videos. The left column lists
the audio degradation. The second column from the left lists the number of wrong an-
swers given by participants, followed by the total amount of questions.

=
3z 53.10%
34 55.90%
34 47.10%
34 76.50%
3z 75.00%
3z 43.80%
az 78.60%
40 52.50%

Table 33b. Accuracy percentage of the Manuscript videos with heavy content.
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The tables drawn in figures 33a and 33b show the amount of wrong answers, total amount of ques-
tions asked and and an accuracy percentage for both categories, manuscript and free improvisa-
tion videos. In the free videos are taken into consideration in the tables, except for the reference
videos.

An accuracy percentage was calculated by dividing the number of right answers per ques-
tion with the total number of answers. The percent shows the amount of correct answers. The
accuracy rate was calculated for each audio degrading. The average accuracy percentage for the
free videos was 86.31% and for the manuscript videos 60.31%, leaving the latter with a lower

score.

Visual questions wrong total
All 60 432 86.00%

Manuscript (heavy) 40 164 76%
Free Improvisation 21 268 92%

All Non-visual

qguestions 76 822 91%

Table 34. The table shows the accuracy percentage of questions regarding visual content. For a
deeper interpretation manuscript (heavy) videos have been separated from free improvisation
videos. In many cases only one of two questions on a video were about visual content.

The accuracy also decreased when the audio quality increased. In the case of all NB videos, the
accuracy increased when noise was present in the videos. This was also the case for manuscript
videos in WB. , however, when noise was introduced in the same category the accuracy increased.
When audio quality increased (original and reverberated), the accuracy decreased drastically when
noise was present in the manuscript videos. In the free videos, accuracy changes weren’t as dra-
matic.

A table was also drawn to measure whether the occurrence of questions about visual con-
tent was effecting the accuracy rate in comparison to the questions about what was said in the vid-

eo. The change was found to be of little importance and thus not taken into consideration further.
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Average of Comprehension of
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Figures 35a.A comparison has been made
of the rated comprehension between
different types of manuscript videos. The
column on the left shows manuscript vid-
eos with heavy content and the column
on the right shows manuscript videos
with easy content.

Figures 35b. The table shows a difference
in accuracy between manuscript videos
with heavy content (left) and and manu-
script videos with easy content (right).



5.4 Results of group discussions

All participants agreed on the number of videos in the pre-test being sufficient. Many of them
were, however, of the opinion that the pre-test videos did not vary enough in quality. The refer-
ence point given at the beginning of the introduction was to regard the videos according to an
ordinary video conferencing situation. This was found to be a very good reference by a majority
of the participants. They also found that being told how to relate to the background noise was
important for their judgment of quality. Many also reported finding it difficult to rate anything as
bad, because they thought all videos were at least acceptable. This does concur with the results
of the rating.

Only a few of participants reported to have a small interest in audio, but all reported to use
this kind of multimedia at least on a weekly basis. A clear majority were of the opinion that testing
comprehension together with quality was a good idea as they could relate to it. Most of the partic-
ipants had participated in audio, visual and audiovisual tests before, which they claimed felt more
monotone in comparison to this test.

There was a clear difference of opinion between participants on the matter of comprehen-
sion and difficulty to concentrate on the content while rating quality. Some found answering ques-
tions very difficult and others had no problem concentrating on both. Participants were then asked
whether they think they may have leaned towards one or the other (quality or comprehension) and
rated the other similarly without much thought. Only a handful thought this may be possible. A
majority of the participants thought the questions on visual content were difficult and led to them
paying less attention to the spoken content in the videos although results show that the accuracy
rate of the visual questions didn’t differ from the other questions. All participants found the man-

uscript videos to be more challenging than the free improvisational ones.
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6 Discussion

6.1 Analysis of results

The variation in audio ratings was the highest throughout the test. This was expected as the audio
quality did vary. The least variety was found in the rating of perception of video, which was also
expected as the video didn’t vary in quality. Although subjects did mentioned that they found
content where the speakers moved to be of less video quality, the rating of video quality followed
the rating of audio quality, which supports any hypothesis about the two modalities effecting one

another.

In all categories NB was rated having poorer video quality than videos with better audio quality,
as shown in figure 32. Videos with noise were rated lower in quality than videos without noise
within the same degradation. What's interesting is that figures 36a and 36b show that in general,
comprehension was rated lower for videos with noise although the accuracy rate was higher in all
the NB(n) than in the NB ones, as well as WB(n) compared to WB for the manuscript videos. The
results of the WB accuracy for the manuscript videos were unexpected as the accuracy increased

drastically when noise was introduced.
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Figure 36a. Accuracy percentage shown on top of mean value of comprehension for votes in each degrada-
tion category for the Free Improvisation videos.
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Although the reason for this remains unclear, one explanation could be the difficulty of the ques-
tions asked. Subjects did find some questions harder than others, although because this was ar-
bitrary, establishing a pattern of this was hard. The more difficult questions may have occurred by
chance in the WB degradation category.

Another hypothesis is that this is an indication of the Lombard speech effect- that we make
more of an effort to concentrate when there are distractions around, such as noise, especially when
the sound source is of poorer quality. As the audio quality is increased, the videos where noise was

present had an accuracy rating that is less than the ones without.
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Figures

36b. The table shows the perceived comprehension for each degradation category for manuscript videos
with heavy content. The Accuracy percentage is shown on top of each column.

B Free Improvisation ~ Figure 37. Perceived audiovisual
quality for all videos. Manuscript
(heavy) videos with reverb are con-
sidered to have higher AV quality
compared to the free improvisa-
tion videos. However, the opposite
occurs for reverb with background
noise.

B Manuscript

NB NB(n) WB WB(n) Rev Rev(n) Orig Orig(n)
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The question of effort does rise when taking into consideration that most of the participants
thought the manuscript videos (heavy) were boring and therefore more challenging to follow. The
free improvisation videos were easier to follow as well as the videos with higher audio quality and
thus the effort needed to put into watching the free videos may have been estimated to be less
than for watching poorer audio quality and manuscript videos. This may have led to a lack of at-
tention when it came to the “easier videos” where participants may have estimated less of a need
to focus.

A closer look at the differences between manuscript and free improvisation videos in figure
37 reveals that the overall AV is rated higher for the manuscript videos in all degradations except
in NB and Rev(n). The reason for this general difference in rating is unclear. A hypothesis for this
may be that the manuscript videos feel more serious as they contain more information and the

presentation is more formal. Thus the perception of audiovisual quality also seems to increase.
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Figure 38. The audio- and video quality of the category “Manuscript (heavy) videos”. The perception
of video quality seems to fluctuate in accordance to the fluctuation of perceived audio quality.

Also, although the overall AV and Comprehension was rated highest for all Rev videos- even
higher than the Orig videos, the same did not apply when noise was present. This supports the
findings in the studies by Hodoshima et al. (2010) — where early reflections were considered to
increase the attention span, but contradicts the statement about the same applying even in noisy
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environments. On the other hand, the noisy environment in the study conducted for this thesis was
artificial, as it was only played back in the headphones and the environment very contradictory to
the noise in terms of location. These factors may have had an impact on the overall perception of

the media.

The main question of the thesis is whether changes in audio can alter the perception in video quali-
ty. This is shown quite clearly to be affirmative in figure 38, which shows subjects’ perception of au-
dio and video quality in the category Manuscript (heavy). Although the perception of video quality
seems to follow that of audio quality (as video quality actually remained unchangedthroughout the
test), this pattern is dependent on the content of the video presented.

This is supported by figure 39, which shows subjects’ perception of audio and video quality in the
category Free improvisation videos. Although the perception of audio and video quality follows a
more similar pattern to one another when the audio quality is higher, there is a notable difference

in this pattern the more audio quality is degraded.
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Figure 39. The perceived audio and video quality of the “Free Improvisation videos”. The perception
of video remains more stable than in the “Free improvisation videos”. The better the audio quality,
the more the perceived video quality follows that of the audio quality.
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This can also be seen in the Manuscript (heavy) videos, but the differences are less dramatic.

It is interesting to note that the two categories are rated so differently. It seems that subjects have
perceived the audio quality of the Manuscipt (heavy) videos as poorer when the video has been
presented with the poorest quality audio along with background noise. This has to some extent
been “forgiven” in the Free Improvisation videos category. A reason for this may be the heaviness
of the content in the manuscript category. As subjects stated in the group discussions this cate-
gory felt much harder to comprehend. Therefore any distractions such as noise or bad audio may
have made them lose concentration. Subjects also pointed out that they perceived a difference in
video quality between Free improvisation videos and Manuscript videos. As the speakers moved
a bit more in the Free improvisation videos, the video quality was perceived as a worse than in the

Manuscript videos.

6.2 Conclusion

The question of the thesis is “Can the perceived quality and comprehension of video be effected
through audio?”. Answering this question has been possible only on a surface level and thus leaves
doors open for future investigation on a deeper level.

The conclusion of this study is that the role of audio is extremely important for the majority of
purposes we use multimedia and interactive media. The importance varies with content and pre-
sentation.

As the study has included many factors based on parameter changes that we are subject
to in our daily lives, such as background noise, many hypotheses worth looking into further have
emerged. One of these is whether the comprehension and perception of quality of audio are
separated in the presence of a reverb. Another one is whether and how comprehension increases
when there is noise present in a video with poor audio quality. Most of the findings were expected,
such as the perception of video quality following the perception of audio quality, and videos with
noise being perceived as having worse audio quality than ones without. What was less expected
was that the audio quality was perceived as worse when a reverb was present than when the audio
was not degraded, however, simultaneously the comprehension was perceived as better for the

reverb videos than the videos with non-degraded audio. This was not supported by the accuracy
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rate, which was slightly lower for the reverb videos than for the original videos.
It is worth mentioning that some questions asked about the content in the videos may have been
found to be more difficult than others and thus effected the accuracy. Because the difficulty of a
question is highly subjective and therefore impossible to measure, only speculations about the
reasons for these unexpected results can be made.

Some of the findings have been unexpected, such as the difference in accuracy between
WB and WB(n), where WB(n) had a higher accuracy. What has caused these results in accuracy is
yet a mystery, but could be the result of questions that have been found hard to answer. In the

future, this might be a matter worth looking further in to.

When measuring correlations between parameter changes, multivariate data analysis such as
ANOVA (Analysis of Variance) and MANOVA (Multirate Analysis of Variance) is usually performed.
This is a difficult process that involves advanced mathematical calculations, it requires dedication
and time or a powerful computer program to do the calculations. The limits of the timeframe given
for the thesis did not allow this. Therefore the outcome of the results may have been more credi-
ble had multivariable data analysis been applied. As this test has been a pioneer of its kind, in the
future, it can be run with a larger quantity of people and the results analyzed using MANOVA to

ensure a more reliable outcome.

The study has also functioned as a “test run” for Ericsson on how to perform subjective tests.
Although research has been done in creating guidelines and standards for subjective tests, very
few, if any, have taken comprehension and listening effort into consideration. Subjective tests are
hard to set up as there are many aspects and factors to take into consideration. Furthermore test
subjects may even perceive audiovisual media differently based on small factors changes such as
distance to the screen (Berndtsson et al, 2012). This thesis work is one of the first of its kind and will

hopefully in the future only be a small part of a large quantity of quality research in similar areas.

A problem in today’s media is the slow development of the relationship between human and
equipment. Because media is developed at a faster pace than human perception, the importance
of understanding and testing human response to it is increasing. This aspect is sometimes neglect-
ed in media usage and media development, but it is important as media is consumed in an increas-
ingly broad variety of circumstances and environments as well as using different equipment. It may
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be because of the high number of factors that subjective testing needs to take into consideration
that increases the chance of a few ones falling between the cracks.

As audiovisual media is increasingly being consumed in public where distractions such as
noise and visual stimuli are louder than in a quiet home environment popular formats of media
consumption have changed to better suit phones, pads and other portable media devices. How
we interpret, perceive and/or comprehend media in such conditions is worth looking into. After
all- the most important thing when mediating information of any kind, whether it be through au-

diovisual media or in some other way, is to get it right at the receiving end.
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APPENDIX

insimuktioner for texsiet

Testet &r ca 40 minuier Engt och bestar av b sessioner med en EBngre paus utanle
tesinemmet Du kommer ait fa Ria pa oit antal videosckvenser {12 5. per session),
besvara fragor om nnehaliet och beddma har du upplever kwalitén i videosekvensen.
Immmuhpﬂmmnﬁrmm}ludﬁ-ﬁﬂmMEr
innehaliet varierar mellan vardagsinformation och fri monalog. Yissa videosekvenser
innehaller Sven inspelat bakgnndsjud.

Effer vaxje videosekvens far du svara pa nagra fragoer angaende mnehallet. Pappred
du far framitr dig ar avselt for alt kryssa i ditt svarsalliemativ for fragoma i videon.
Aniaiet svarsalternaliv pa papperet behbver inte motsvara svarsaitemativen i videon.

Stora skdrmen

1. Video visas pa stora skirmen. Efter videon visas an fraga
| iaget 0 10 sekunder. (2 Irdgor per video)

.-: Kryssa ditt svar pa svarsblanketien

3. Rosta pa restningsterminalen. Tryck PA slidern- inte bredwvid
D har 20 sekunder pé dig att rdsia

Efter att ristningstiden gatt ut visas nasta videosekvens

Réstningsterminal Svarshlpnkedter

MNar du rostar skall du markera dit svar pa touch-displayen framior &g (den llla
skaEmen).
Des=a fragor kommer du alt fa mosta pa:

Fraga 1: Hur val gick det att uppiaiia innelhalied?
Froga 2: Hur hedSmner du audovicuefta kealiin?
Froga 3: Hur bedSaner du asciokval itiar?
Froga 4: Hur bedSmer du vileniomalitin ?

Dn bedomnng ger du genom att anvanda nljande skalq

Riycket cifili Dilig Acrmpisbel Hrma Uikt
I

Betygsslidemn ar fran sttt alid instald med Bgsta mijiiga belyg. Aven om du anser
ait videokvalielen molsvarar det lagsta betyget maste du kikka pa sidem for att
betypal ska registreras. Nar du kickar pa sidemn ska den Sndia fag. Konbollera ait
den gor detl Nasta videosekvens spelas upp nar rostningstiden (20 sekunder) gatt ut
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SO mmamamwsmm
mﬂdgmmm Efier det fins det mojiaghet alt stalla fragor mnan sjaiva
esiet bonjar
Mar tesisessnnema ar Sl bir du nfamerad om detla via iesinngsierminalen.
Eiter hela teslet kormmer du ait fa besvara nagra iagoer om hur du upplevde ieslet

Var vanilg diskuiera inle dina asikier om kvaiién under iesiel med andia
Eeskioiaae!

Tack for dan medverican!
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