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A B S T R A C T

abstract

English
How do music playback spatiality and audio quality affect the felt
emotions when listening in everyday life? In an experiment 49

German speaking subjects aged between 20 and 30 (mean=24.18,
SD=2.62) were sorted into four stimuli groups which are the four
combinations of stereo vs. mono and CD quality (.wav, 44.1kHz) vs.
Youtube quality (AAC, 128kbps). They heard four different musical
pieces of the same stimulus type and filled in M-DAS questionnaires
on felt emotions. The data were analyzed with three GLMs. The
results are: Music playbacks 1) in stereo and 2) in Youtube quality
could trigger stronger emotions. While the first result about
spatiality is in line with the research literature, the unexpected latter
finding might be explained by the assumption that the subjects are
more used to this playback quality.

zusammenfassung

Deutsch
Wie beeinflussen Wiedergabespatialität und -qualität die empfungene
Emotionen beim alltägigen Musikhören? In einem Experiment wurden 49
deutschsprachige Probanden im Alter zwischen 20 und 30 Jahren
(mean=24.18, SD=2.62) in vier Stimuligruppen einsortiert, welche die vier
Kombinationen von Stereo vs. Mono und CD- (.wav, 44.1kHz) vs. Youtube
(AAC, 128kbps)-Qualität sind. Sie hörten vier unterschiedliche
Musikstücke des selben Stimulustyps und füllten den M-DAS Fragebogen
zur Erfassung empfundener Emotionen aus. Die Daten wurden mit drei
ALMs analysiert. Die Ergebnisse sind: Musikstücke 1) in Stereo und 2) in
Youtube-Qualität konnten stärkere Emotionen hervorrufen. Während das
Ergebnis zur Spatialität dem Forschunsstand entspricht, lässt sich das
überraschende Ergebnis zur Soundqualität wohlmöglich dadurch erklären,
dass die Probanden sich an dieser Art Wiedergabequalität gewöhnt haben.
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Part I

T H E O RY A N D M E T H O D O L O G Y

The way how people listen to music has been changed a
lot in the past century. Recorded and digitalized
productions gave us a new sound of music: can this even
change our listening aesthetic in everyday life? In this
study, given the assumption that the younger generation
today, whose primary source of music is streamed
service, is affected by this shift of art of music playback
and have a “new” listening aesthetic, an experiment was
designed and carried out. In this part, the theoretical as
well as methodological preparation are documented.





1
I N T R O D U C T I O N

1.1 concerning music

The answer to the question “what is music” can always be found in
different books like “music theory”. And the answer always lies
already in the introduction or preface. In the introduction of the
Chinese version of the popular schoolbook Basic Music Theory by Li
[1], music is “a collection of tones created by the people, resulting
from a long-term production life and class struggle”. This definition
of music is surely a materialist’s view, while thousands of miles
away, in Germany, the German version ABC Musik [2] has a much
more romantic explanation on where music came from: “The gift of
the gods Apollo and Muse”.

Plato explained music as coming from imitation of the natural
world. But being used in rituals, it seemed to be able to speak the
“language of gods”. The ability to communicate emotions, whether
consciously or unconsciously, is one central function of music. This Function of music

function was used to manipulate people’s emotions in religious
rituals, and this is maybe the “class struggle” Li was referring to.
After the “long-term production life”, today’s music became a
musicians’ tool. “Musicking” [3] as a mental interaction between the
musician and the listener, is a game of emotions.

For a game, the most important element is the expectation: to
experience so called “safe danger” and “expected surprise” [4].
People don’t hesitate to pay to experience a performer playing a
piece that has been listened to for a thousand times. The different
interpretation and a new interaction with a stranger in music
listening represents the seeking of “safe danger” and “expected
surprise”.

The reason that people listen to music is because it can evoke
emotions, and people value music mainly according to the emotions
it can bring. The emotions that music can evoke and the several
psychological mechanisms [5] behind it is not unique to music, and
researchers can always take the assumption that music can trigger
certain emotions without knowing exactly how the mechanisms
work. The study of emotions during music listening can contribute
to general cognitive science research as unlike other research
instruments or stimulus, music is completely controllable to

3
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researchers as it unfolds precisely timed emotional events and can
be exactly repeated in each measure [6].

1.2 the “sound” and the problematic

With the introduction of the art of recording in the last century,
people’s listening form of music has ever been changed. From
recording, mixing and mastering to distribution and playback,
recorded music is played out loud through headphones or
loudspeakers after a long chain of A/D and/or D/A signal
processing and amplifying. What people listen to today is rather
called sound [7] than music itself. As manipulated recordings and
mixings make the productions more marketable, for example the
loudness war, concerns came that compressed sound quality may
cause the listeners to lose interest for it [8]. This is reasonable as
different sound of the same music content could evoke different
levels of emotions and this would affect how people value these
sounds as productions.

An earlier explorative study (N=43) [9] showed that the playback
format (mono vs. stereo) plays a clear role in the emotional impact
of a music piece: the subjects who listened to stereo versions of the
stimuli felt significantly stronger emotions (self-reported) than the
subjects who listened to mono versions of the same stimuli.
Interestingly, none of the subjects who listened to mono versions had
complained about the poor playback itself; some of them just said
“the music pieces were boring”. Obviously, they didn’t realize that
they were actually talking about the sound rather than the music.

Therefore, at the beginning of this study, it is interesting to find
out what kind of role do sound playback attributes like spatial
format and sound quality play, as the younger generation (university
students) today may have a shifted listening aesthetic because what
they mainly listen to is not live music, but compressed digital
playbacks which are reduced in dynamic and frequency range and
presumably also compromised in other attributes. Streaming
services like YouTube, Spotify and Apple Music are taking over the
market, and CD is slowly becoming history for the younger
generation.

For instance, let’s assume, that we have the same recorded Album,
and the only difference is that some people listen to it via CD, and
some people listen to it via YouTube. Do they statistically perceive
different levels of emotions? Is it possible, that, statistically, those
who listened to CDs say they like the Album very much, while those
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who listened via YouTube don’t like it very much? Or even perhaps
the contrary?

1.3 factors and covariates

Factors
The focus of this study is then set to how different spatial formats
and playback qualities affect the felt emotions in music listening for
the younger generations. The main factors of the research are then
the spatiality and quality. Here, the spatial playback formats have
been chosen as two different formats: monophonic and stereophonic Spatiality

(another spatial format could be surrounded playback or “live
concert simulation”). According to a survey in Germany in 2012 [7],
apart from radio and CD, YouTube was the main source of music
listening in Germany. Thus the playback qualities in this thesis was
chosen as two different qualities: CD quality (WAVE 44.1kHz, 16Bit) Quality

and YouTube quality. According to an informal research of Vogt [10],
the sound quality of YouTube is constant and independent to the
video quality, and is measured as a lossy AAC quality with 126 kb/s.
Considering the measure was done in a streaming environment,
there could be some loss/noise of the data flow that reduced the
original bitrate of 128 kb/s, which is more likely to be the intended
playback quality. Therefore the “YouTube quality” in this thesis was
chosen as 128 kb/s AAC.

Covariates

Nevertheless, the “musical expertise” of listening to digital music
today also plays a role [11] in music perception. The expertise here
includes not only professional or hobby training of a music
instrument, but also the experiences or hobbies related to acoustics
or sound equipments. In other words, anyone who has rich
experience with digitalized music playback and is hence presumably
quite aware of the playback’s sound quality should be regarded as
one with musical expertise. The sound itself plays a big role in music Expertise

listening today for these people, as they are more aware of the
acoustic performance of the playback. For them, the sound quality
could be part of their music listening aesthetic. Hence the attribute
of musical expertise within subjects could be considered as a
moderator variable.

Like musical expertise, another attribute that relates to a subject’s
experience of music perception is age [12]. Diverse research with
children [13] and young adults [14] as well as with elderly people
[15] have shown evidence that age has significant effects on music Age

perceptions and understanding of emotions. Nevertheless, these
evidence showed that for some cases younger subjects perceive
stronger positive [14] emotions while older subjects perceive less
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negative emotions [15]. Thus age could also be considered as a
covariate.

Diverse neurological studies [16, 17, 18] as well as empirical
studies [19, 20] have shown whether significant or insignificant [14]
gender effect or interaction between gender and musical expertiseGender

[21] in auditive or visual [22] perception. Therefore the gender
difference must be observed and could be calculated as another
covariate in this study. However, the main hypothesis of this study
does not concern gender differences.

There are generally two ways of listening to digitalized music
playback in everyday life: through headphones/earphones or
through loudspeakers. Research (for example, the research of
Kallinen et al [23] and Nelson et al [24]) confirms the difference of
the perception of music playback through headphones and
loudspeakers. Headphones were used in this study as the soleEmitter

source of stimuli. When a subject listens to music through
loudspeakers more often, then the headphones would be for
him/her likely a seldom/new experience, and the perception of
music through headphones could be different than usual. Therefore,
besides the music expertise and gender, the frequency of listening to
music through loudspeakers could also be considered as a covariate.

1.4 research status

In the recent years researchers like Cupchik [25] and Oliver et al
[26, 27] examined the role of media product (film, music etc.) in the
evoking of emotions within perspectives of hedonism and
eudaemonism, revealing that the feelings and emotions happen
concurrently by the usage of media products. On the other hand,
from utilitarian’s point of view, researchers like Scherer [28] and
Zentner et al [29] tried to measure the aesthetic appreciation of
media products. The results from all these studies have provided
rational understandings and tools to measure the relationship
between auditory attributes of media products and the appreciation
and gratification of them.

on spatiality

Already in 1966 had Morgan and Lindsley tried to find out the
difference in preferences for stereophonic over monophonic music
[30]. In their research the subjects would directly select between
stereophonic and monophonic music, and the result shows directly
which playback format the subjects preferred. Over the years
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researchers realize that music can be used as an excellent instrument
for psychological experiments [6], not only because music is a
precisely repeatable stream of events, but also because, more
importantly, the (perhaps sole) function of music is to evoke
emotions. Today, researchers inspect effects of playback spatiality
targeting not on subjective selection any more, but on perceived
affective expressivity of music listening. One most resent research of
Lepa et al [31] showed significant effects of playback’s spatiality in
music perception in the sense of affective experience of listening.

In the explorative study of Pischel et al [9] the effect of spatiality
(mono vs. stereo) was also observed. Nevertheless there were also
another tendency in the findings of this study: the difference
between mono and stereo playback format has greater influence on
the evoked emotions for naïve listeners than experienced listeners.

on quality

The effect of different audio playback qualities also has been
diversely researched as the digitalized music today is usually very
compressed. Although the upper frequency limit of human hearing
is believed to be somewhere around 16kHz [32], which is the reason
for most music productions to cut the higher frequencies by down
sampling or by other processes to maintain a smaller file size
(nevertheless this kind of process cannot always really “cut” the
frequencies [33] so the linearity near the ‘edge’ is always steeply
damaged, causing a increasingly loss of energy in the upper
frequency section), different researches [34, 35, 36]1 showed the fact
that the difference in higher frequencies (above 20kHz) in music
listening could be discriminated by the human hearing for certain
excerpts. Apart from the concerns in higher frequency, reduced
bitrate of digital music production puts limitations not only to
frequencies, but also to acoustic attributes like dynamic ranges. In
this sense researchers [37, 38, 39]2 compared popular digital audio

1 In the study of Yoshikawa et al. [34] (N=11, age 21 to 24) 2 subjects (18.2%) could
discriminate the difference of 96kHz and 48kHz sample rate for both given sound
materials. Ando et al. [35] (N=13, age 19 to 51) reported similar findings that some
subjects were able to discriminate musical sounds with or without high (above
21kHz) frequency components. In the experiments of Pras and Guastavino [36]
(N=16, mean age=30, SD=7.1) All these results were observed depending on the
sound material that was given to subjects.

2 Pras and Guastavino [37] tested 13 subjects (mean age=28, SD=5.6) and the listeners
could distinguish CD from MP3 up to 192 kb/s and preferred the former. In the
experiment of Ruzanski [38] (N=5, age 19 to 32) with all listeners “untrained”, some
of them couldn’t even tell the difference between CD and MP3 in 96 kb/s for some
musical tracks. In the tests Olive [39] conducted (N=18, age 15 to 18) the teenager
listeners preferred CD than MP3 in 128 kb/s. In addition to the above findings, in
the study of Pras and Guastavino a significant effect of musical expertise and music
genres was observed.
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solutions like CD, DVD, MP3, AAC etc. and could mostly justify the
distinguishing of different bitrates in dependency to the musical
expertise of listeners and the music type that were given to them. All
these research results indicate that the discrimination of higher
frequency and compression of bitrate is possible and is dependent
on the type of music stimulus. In other words: different playback
quality could affect the affective perception of musical expressivity.

the learning effect

As Olive referred in his study [39] on teenagers, the research of
Kirk [40] and some discussion over the Internet [41, 42] on the
informal research3 which Jonathan Berger has done, as well as other
internet media discussion [43, 44, 45] on the same phenomena have
been proposing the idea that the younger generation prefers “bad
sound over good sound” because of their preconceived playback
quality. According to Kirk, this is a kind of learning effect4.

1.5 hypotheses

Generally the hypotheses of this study consist of the effect in music
perception of different a) spatial playback (mono vs. stereo) and b)
playback quality (CD quality vs. YouTube quality). With regards to
the above mentioned studies and explores the stereo playback
spatiality is hypothesized to have a positive effect on felt emotions
when listening to music. As for the playback quality, although the
learning effect being discussed already gave a clue that in the younger
generation the compressed playback quality may have a positive
effect in affective expressivity of music listening, the chosen
playback quality in this study is not MP3 but AAC. Some subjective
listening tests suggest that the AAC format is much better than MP3

format at 128 kb/s and does not have audible sizzle-aka distortions
mentioned in the above studies. Hence the playback quality of CD
was still hypothesized as having a positive effect on the perceived
musical emotions.

As mentioned above, c) additional effects of musical expertise, age,
gender and experience with loudspeakers on spatiality and quality

3 Jonathan Berger is a Stanford University professor of music. He conducted a six-year
informal research on first-year students by giving them the same musical stimuli
with different formats. He discovered that from year to year, more and more students
preferred MP3. Berger has the opinion that they are used to and hence prefer the so
called sizzle-aka distortion of compressed music.

4 In his study in 1956, he found out that “1) learning plays an important role in
determining preferences for sound reproducing systems; 2) continued contact with
a particular system produces shifts in preference for this system; and 3) the average
college student prefers music and speech reproduced over a restricted frequency
range rather than an unrestricted frequency range.”
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are expected to be observed. And their effect on the felt emotions are
hypothesized as following:

expertise : According to the explorative study of Pischel et al [9],
people with musical expertise are less affected by the different
playback spatiality; and at the same time they appear to
perceive weaker emotions than non-expert listeners. In other
words, subjects with musical expertise appeared to “stay calm”.
Therefore musical expertise is hypothesized to have negative
effect on felt emotions.

age : As mentioned above, subjects advancing in age perceive weaker
emotions. Therefore age is hypothesized to have negative effect
on perceived emotions.

gender : In the above mentioned studies, women are observed as
more sensible than men on musical expressivity. If the array
is defined as Sex[0 = female, 1 = male] (For details, refer to
the data cleaning section on Page 19 in the next chapter) then
gender should be hypothesized to have a negative effect on
observed self-reported emotions.

experience with loudspeakers : The more experience with
loudspeakers the subjects have, the newer the experience with
headphones in this experiment would appear to them. As
generally hypothesized that newer experiences bring better
concentration and therefore result in stronger felt emotions,
the experiences with loudspeakers is then hypothesized to
have positive effect on perceived musical emotions.





2
M E T H O D S

Now that the theoretical preparation was done, practical operations
like preparation of musical stimuli and questionnaire, recruiting of
subjects were carried out before the experiment. After the experiment
the collected data were sorted, rearranged and pre-calculated so that
they could be analyzed according to different hypothetical models.

2.1 the musical stimuli

The following circumstances were taken into consideration when
choosing the musical stimuli:

number : The number of musical stimuli were set to four, as well as
other similar researches like [31, 9]. This could give the
experiment and the statistical models enough measurement
levels and test power. Too many musical stimuli could bore or
exhaust subjects and lead to distorted test results.

length : The length of each musical stimulus should not be too
short or too long. When too short, the felt emotions could then
have a higher probability of randomness; when too long it could
bore and exhaust the subjects and it would also be a waste of
time. Therefore the chosen stimuli were all approximately 2 to
3 minutes long.

genre : Recent research about music genres [46, 47] claim that the
common division of music types per genre (like Classic, Pop,
Jazz, Rock etc.) may not be accurate any more in the context of
music preferences1. Nevertheless the experiment itself should
concentrate on felt emotions, so the chosen music pieces should
be able to trigger strong emotions. From these considerations
four instrumental film music pieces were chosen, and they are
listed here in Table 1. They represent different emotions and
some of these are quite complexed (for example, the Stimulus B).
These pieces are all instrumental so there would be no cultural
misunderstandings for lyrics.

acoustics : As the experiment involves technical acoustics
attributes as factors, especially playback quality, two aspects

1 The research of Rentfrow [47] has given a new five-factor model for music
preferences (Mellow, Unpretentious, Sophisticated, Intense and Contemporary)
which describes mainly how these music types make listener feel, rather than the
conventional genres which only describe the music type’s common category.

11
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were considered: 1) the original source of these stimuli should
at least have the higher quality in the experiment, which is the
CD quality; 2) the stimuli themselves should have a balanced
or commonly accepted frequency distribution.

Table 1: The four stimuli

music pieces A, B, C and D description duration

Joe Hisaishi

No Way Out

キッズ・リターン, film music, 1996

electronic

desperate,

repeated

2:52

Tom Tykwer

All Boundaries Are Conventions

Cloud Atlas, film music, 2012

orchestral

inspiring,

encouraging

2:38

Ennio Morricone

Ma L’Amore no

Malena, film music, 2000

orchestral

happy,

sexual fantasy

1:52

James Howard

End Credits

Waterworld, film music, 1995

orchestral

world,

thoughtful

2:18

As listed in Table 1, two of them are from the 90s, and the other
two from the new century. The first stimulus, No Way Out comes
from Japan, and its composer, Joe Hisaishi, composes in a western
way. This is the only stimulus that is not orchestral / live recorded,
but electronically produced with synthesizer.

These four stimuli will be further referred to as stimuli A, B, C
and D.

2.2 the versions : formats and qualities

The original data of the four chosen stimuli in Table 1 came from
commercially produced CDs. They were imported as .wav files toImported as .wav

files from CDs the computer (44.1kHz, 16-Bit, 2CH). A duplicate of these files were
then processed with the software tool Audacity (Version 2.1.0) to
mono versions. So now, in this step, there are two files for eachstereo and mono

versions stimulus: one stereophonic, another monophonic. Their file format
are still the same, and yet representing the same playback quality.

Due to the prevalence of this format in the current media sphere,
as justified in the introduction chapter, the chosen YouTube quality
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is AAC, 128kbps. Each one duplicate of the stereophonic and
monophonic files from the last step were processed with xACT (X CD and YouTube

versionsAudio Compression Toolkit, Version 2.36) into AAC format (.m4a
files).

As a result, there are four files of each stimulus, and they are
labeled with initials shown in Table 2:

Table 2: Label system of stimuli versions

stereophonic monophonic

CD-quality SH MH

YouTube-quality SL ML

It is easily understandable, that the S and the M stand for stereo
and mono, while the H and the L stand for high (CD) and low
(YouTube) quality.

The files were then renamed with a combination of its stimulus
label and its version, for example, BSH stands for Stimulus B in
stereo format and in CD quality. Then, from ASH to DML, there are
totally 16 stimuli files ready.

2.3 the subjects

The aim of this study is to describe the playback format’s impact on
music listening in a certain social group and try to generalize it.
And, the experiments were planned to be conducted in a room on
the main campus of the Technical University of Berlin (TU Berlin),
due to the age distribution on the university campus the age group age range

was limited to 20 to 30 years.

As the questionnaire (details in next section) consists of words
that describe delicate emotions, it is important that all the subjects
have a common comprehension of all these words; nevertheless the
cultural difference is of no interest to this study, therefore the cultural background

subjects selection was limited to native German speakers.

Roughly, the subjects would come from two sources: “internal”
students of the Audio Communication Group, who are obligated to
participate in a total amount of three hours hearing experiments, so
as to finish one of their mandatory study models; and “external”
students of the TU Berlin. For the external students there was a sources of subjects

small reward of 5 Euro, and for the internal students there was no
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monetary reward but a signature from the author to confirm that
they participated in this hearing experiment.

There were generally three ways to advertise the hearing
experiment: via E-Mail lists, via posters on the campus, and via
posts on Facebook pages. To accomplish an experiment in terms of a
single-blind trial, by writing the content of the poster and E-Mails a
cover story was used, which was “this experiment is about musicalthe “cover story”

emotions of different music styles”. By doing so, the subjects would not
be implied of what the experiment was really about, and,
furthermore, they’d probably concentrate better on the listening and
their felt emotions.

All the interested applicants were directly asked to fill in a online
registration form at their first contact with the author. In the onlinerecruiting by

pre-registration registration form socio demographic data of the potential subjects,
for instance gender, age; and their musical expertise were collected,
so that they could be sorted into the four stimuli groups SH, SL, MH
and ML. This assures that the attributes of gender and musical
expertise are distributed in each group as similarly as possible to
other groups.

Specifically, besides the gender and age which are simple
questions to ask, the inspection of musical expertise was realized
through two questions (shown below, already translated into
English), to which if a subject answers at least one “yes”, he/she
would be considered as a subject with musical expertise. These
questions are:

Q1 Do you play a music instrument? (If yes, how many years?)inspection of
musical expertise

Q2 Do you have job/study/hobby related to sound/acoustics? (If
yes, how many years?)

Applicants whose age were outside the age range of 20 to 30 were
told they could not participant in this experiment, and their
application could not be sent. When one applicant had successfully
finished the online registration form, he/she would be then put to a
certain group where there were still vacancies for subjects with the
same attributes. The attribute of gender and musical expertise were
considered by the distribution operation, and age was not
considered. After doing so, the author makes an appointment with
each subject. In each appointment only one subject participated in
the experiment.
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2.4 the measurements

2.4.1 Measuring felt emotions: The M-DAS

As the function of music is to trigger emotions, the questionnaire
should then focus on the emotional impact of listeners. Therefore the
Modified Differential Emotion Scale (M-DES, in German M-DAS,
Modifizierte Differentielle Affekte Skala [48]) which already helped
deliver satisfying results in the pilot study [9], was used again in this
study. It is a set of words which describe emotions each with a
five-level Likert-scale. Each subject would then fill one M-DAS after
listening to each musical stimulus, totaling a number of four M-DAS
measurements levels2.

Some emotions, i.e. negative emotions, which are believed to be
unable to be significantly felt during media or music usage, were
deleted from the Scale. According to the Table 2 in [48], these
emotions are Wut, Ekel, Angst, Scham and Schuld (anger, disgust, fear,
shame and guilt). The scale then consisted of 11 words, and are
shown with their English translation in Table 3:

Table 3: M-DAS emotions used in this experiment

German English

Vergnügen enjoyment

Freude cheerfulness

Zufriedenheit satisfaction

Zuneigung fondness/love

Faszination fascination

Ergriffenheit sentiment

Interesse interest

Überraschung surprise

Trauer sadness

Verachtung contempt

Langeweile boredom

Each of these 11 words would then be presented with three
sub-scales (see the list of all M-DAS questions in appendix 1 :
m-das).

As each subject had to fill in four M-DAS inventories, the
questions were randomized each single time it was shown, so as to

2 As the subjects filled the questionnaires in German, this scale is referred to as M-DAS
instead of M-DES in this thesis.
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avoid repetition effect or similar effects.

2.4.2 Listener experience and miscellaneous

As discussed in the introduction chapter, apart from the musical
expertise, it was also interesting to know if a subject was used to
headphones or loudspeakers. Therefore the following questions
were asked:

Q1 How offen do you listen to music via headphones? (Daily /inspection of
exposure to

loudspeakers
weekly / monthly / yearly / never)

Q2 How offen do you listen to music via loudspeakers? (s. above)

The listening experience questions show the listening behavior of
the subjects. This is quite similar to the musical expertise questions
in the registration form, but for the following reasons they have to
be asked, and are only asked after the subjects have listened to the
stimuli and finished the M-DAS questionnaire:

• These questions can imply the true purpose of the experiment
and violate the term of a single-blind trial.

• It is possible, that some people do not have any experience
with music instrument or acoustics, yet are still very
experienced with digital music listening and aware of the
playback format and quality. So these questions could help
correcting the musical expertise questions by the data
analyzing.

All the questions in the registration form were asked again here in
the formal experiment, after the M-DAS: gender, age, and musical
expertise. This was not only to save some effort combining the data
of the registration form to the main stream, but can also ensure that
any error that could have been made during the organizing of the
subjects could be corrected now, as the whole experiment was
anonymous. This was useful as for example, a subject registered
before his 23rd birthday but came to the experiment after it.

The first page of the questionnaire was for the author to fill in,
where the author selects the group of this subject (SH, SL, MH or
ML), so that this attribute could also be combined into the main data
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set. This action was not seen by the subjects.

Every subject was also asked to write some “comments” at the
end, if they wanted. This was but not mandatory.

2.5 hardware and software

On each experiment appointment only one subject was treated. All
subjects finished their experiment in the same room, with the same
equipment and at the same loudness. The experiment was carried
out in the Minilab, which is the tiny media lab room H2001D in the
Hauptgebäude of the TU Berlin. The room is approximately 1m × 2m
in size, with a desk and a chair, and an overhead light. The walls are
furnished with soundproof material. The subjects finished the
questionnaire inside H2001D, while the author played music from
outside the room. Below is a listing of used hardware and software:

for inside the room :

• Macbook Pro with Retina 13”, early 2015, Mac OS X Yosemite,
to fill in the online questionnaire;

• Limesurvey system as survey software operated online from the
server of the Audio Communication Group;

• Terratec AUREON XFIRE8.0 HD USB external sound card,
connected via USB to the Surface Pro and via cable to the
Audio Technica ATH-M50x.

• Headphones: Audio Technica ATH-M50x;

• An instruction on the wall, which the subjects are requested to
read before the experiment (see appendix 2 : printed

instruction in the lab).

for outside the room :

• Microsoft Surface Pro 64G, Windows 8.1 64bit, to play the
stimuli, connected via USB to the Terratec AUREON inside the
room;

• Winamp for Windows 5.666 Full.
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2.6 experimental procedure

To demonstrate the detailed procedure of an experiment with one
subject, the operations are listed below, from the first contact until
the finishing of the experiment:

a. The subject saw the information via E-Mail/Poster/Facebook
and wrote the author an E-Mail wishing to participate;

b. The author sent him/her the address of the online registration
form;

c. After the subject successfully (age in the desired range)
finished the registration form, the author assigned him/her to
a certain stimuli group (SH, SL, MH or ML) and then make an
appointment with the subject via E-Mail;

d. The subject came to the Minilab on appointed time;

e. The subject waited outside the room while the author opened
the questionnaire and filled in the first page where the stimuli
group was set, then invite the subject to come inside the room
and to sit down before the computer, read the instructions and
put on the headphones;

f. The author closed the door and played the first stimulus from
outside, and the subject filled in the first M-DAS after listening
to it;

g. The subject finished the first M-DAS and told the author to play
the next one. The last step and this step were repeated until all
four M-DAS were finished. Then the subject continued filling in
other questionnaires. They could ask the author if they did not
understand a question;

h. All questionnaires were finished. The author gave the subject
reward/signature.

2.7 data analysis

All data were processed and analyzed with the statistic software
IBM R© SPSS R© Statistics (Version 23).
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2.7.1 Data cleaning

To use the collected raw data more efficiently, they had to be defined,
recomputed and modified with the following data cleaning
procedure:

version represents the stimuli groups SH (1), SL (2), MH (3) and
ML (4). At the beginning of each experiment procedure, as the
author selects the version on the first page of the questionnaire,
a value of 1 to 4 was given to this string.

spatiality was set to 0 for mono (if version = 3 or 4) and 1 for
stereo (if version = 1 or 2).

quality was set to 0 for YouTube quality (if version = 2 or 4) and
1 for CD quality (if version = 1 or 3).

m-das scales were defined by simply taking the mean value of
every three sub-scales for each scale (refer to appendix 1 :
m-das), for each measurement level. There were four stimuli,
which means every subject answered 33 × 4 M-DAS questions,
so the results were 11 M-DAS scales for every stimuli group A,
B, C and D.

expertise consisted of two questions mentioned above on Page 14,
and was set to 0 (no expertise) as default and subjected to be
true (expertise = 1) if answer to any of the both questions was
“yes”.

gender had only two values 1 (for female) and 2 (for male) in the
Limesurvey system. To realize a binary and logical computation
in SPSS, each value was deducted by 1 resulting 0 = female and
1 = male.

age was a simple scale value and could be directly used in the data
analysis in the next steps.

emmiter was directed in the Limesurvey system as “daily, weekly,
monthly, yearly, never” from 1 to 5. This direction had to be
revised in the data cleaning, as a united direction of frequency
and value was desired. So it was redefined as “never” = 1,
“yearly” = 2, · · · , “daily” = 5.
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2.7.2 Data analysis

Initially, descriptive statistics were calculated to describe the
obtained sample’s composition. Then scale variables were calculated
for the sub-scales of M-DAS and their reliability was checked by
calculating Cronbach’s Alpha.

Finally, repeated measurements MANOVA was used in order to
test the central hypotheses.



Part II

R E S U LT S A N D D I S C U S S I O N

49 subjects from the TU Berlin finished the experiment.
Results from the data analysis justified almost all the
theoretical hypotheses, except that YouTube quality
evoked stronger emotions than the CD quality. Detailed
documentation of the data analysis results and some
discussions over the conclusion are included in this part.
At last, some criticisms and methodological outlooks are
made at the end of this thesis.
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3.2 reliability test

Scale variables for the 11 emotions (a comparative translation of
these emotions into English are listed in Table 3 on Page 15) of the
M-DAS were initially calculated by taking the mean value of their
sub-scales. Then, Cronbach’s Alpha, the the arithmetic mean for
Cronbach’s Alpha over four stimuli and a standard deviation were
calculated. Results are listed in Table 4.

Table 4: Cronbach’s Alpha of all 11 emotions for the four stimuli A, B, C and
D.

Emotion A B C D Mean SD

Vergnügen 0.73 0.81 0.93 0.83 0.82 0.06

Freude 0.90 0.91 0.94 0.84 0.90 0.03

Zufriedenheit 0.81 0.84 0.82 0.80 0.82 0.01

Zuneigung 0.87 0.85 0.87 0.88 0.87 0.01

Faszination 0.80 0.81 0.84 0.93 0.84 0.05

Ergriffenheit 0.71 0.85 0.80 0.87 0.81 0.06

Interesse 0.71 0.77 0.71 0.87 0.76 0.06

Überraschung 0.84 0.85 0.83 0.87 0.85 0.01

Trauer 0.78 0.71 0.54 0.72 0.69 0.09

Verachtung 0.86 0.89 0.91 0.71 0.84 0.08

Langeweile 0.80 0.85 0.91 0.84 0.85 0.03

Marked red, the Cronbach’s Alpha for the emotion Trauer in the
third stimulus is lower (.54) as the threshold of .7. And the
comparatively low mean of the sub-scale ‘Trauer’ rises further
doubts of the suitability of this sub-scale for measuring musical
emotions in this experiment. But on the other hand, the stimulus C
was an “extremely happy” one, which means having reliability
problem by measuring sadness for this stimulus shouldn’t affect its
reliability in other measurement levels for the stimuli A, B and D.

3.3 the general linear models (glm)

As the general hypothesis of this study proposes, there could be at
least two GLMs to test:

1) one with spatiality and quality as factor without covariates; and

2) one advanced GLM on basis of the first one adding all the
hypothesized covariates.
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In the actual analysis, due to homogeneity problems of the emotions
scales ‘Verachtung’ and ‘Überraschung’ and test power problems, a
third GLM was used which is:

3) a final GLM based on the 2nd one, leaving out the interaction
of spatiality and quality (spatiality*quality) and the
emotions scales with homogeneity problems in the 2nd GLM
(Verachtung and Überraschung).

By testing these GLMs, the sphericity assumption and
homogeneity of subjects were testified prior to the calculating of the
MANOVA.

A detailed list (Table 18) of these GLMs and their results as a
summary is to be found at the end of this chapter (on Page 37).

3.3.1 1st GLM

To testify the basic hypotheses for a) spatiality and b) quality, an
initial general linear model with four levels of repeated measures
and spatiality and quality as factors was used.

mauchly’s test of sphericity was carried out in terms of sphericity test

the necessary sphericity of the underlying data. The values of the
Greehouse-Geisser corrections in the Mauchly’s Test of sphericity for
each emotion scale are listed in Table 5:

Table 5: Mauchly’s Test of Sphericity for the 1st GLM

Emotions scales Greenhouse-Geisser

Vergnügen .86

Freude .87

Zufriedenheit .82

Zuneigung .94

Faszination .90

Ergriffenheit .92

Interesse .92

Überraschung .92

Trauer .85

Verachtung .64

Langeweile .74
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As the probability of all Mauchly’s test statistics with
Greenhouse-Geisser corrections were larger than .05, the null
hypothesis that the conditions of all variances are equal couldn’t be
rejected. Therefore the sphericity assumption was validated for the
1st GLM.

levene’s test for the homogeneity. The assumption of thishomogeneity test

experiment was that the subjects variances in each group were equal.
To test this homogeneity of variances, Levene’s Test was conducted
and the results are shown in Table 6.

Table 6: Levene’s Test of equality of error variances for the 1st GLM.
Values <.05 are marked red.

Emotions scales A B C D Mean

Vergnügen .84 .95 .39 .22 .60

Freude .73 .68 .07 .16 .41

Zufriedenheit .99 .75 .40 .76 .73

Zuneigung .49 .09 .32 .97 .47

Faszination .31 .87 .70 .19 .52

Ergriffenheit .86 .29 .80 .99 .73

Interesse .83 .63 .81 .67 .74

Überraschung .72 .34 .22 .20 .37

Trauer .41 .40 .53 .28 .40

Verachtung .19 .00 .00 .00 04

Langeweile .44 .00 .00 .00 .11

For the emotions scales Verachtung and Langeweile for the 2nd,
3rd and 4th stimuli (marked red) the null hypothesis of equal
variances was rejected. This concludes that for these emotions and
stimuli there was a significant difference between the variances in
the subjects, and that the homogeneity could be questionable for
these combinations.

the manova was conducted for all emotions scales. Table 7MANOVA

shows the multivariate results according to Pillai’s Trace for stimuli,
spatiality and quality and the interaction between spatiality

and quality.

the multivariate tests for between subjects effects in Table 7multivariate effects

indicated that for the stimuli and spatiality, the null hypothesis that
there was no significant difference could be rejected, and this was
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Table 7: Pillai’s Trace for the multivariate effects in the MANOVA of the 1st
GLM. df = 11.

value F p η2P

stimuli .99 554.25 .00 .99

spatiality .41 2.25 .03 .41

quality .28 1.24 .29 .28

spatiality*quality .22 .94 .51 .22

not rejected for the quality and the interaction between spatiality
and quality. Continuing from these results, univariate effects for the
spatiality were inspected. Results are shown in Table 8.

Table 8: Univariate effects for the 1st GLM for the spatiality.

p η2P

Vergnügen .73 .00

Freude .59 .00

Zufriedenheit .90 .00

Zuneigung .32 .02

Faszination .64 .00

Ergriffenheit .51 .01

Interesse .36 .01

Überraschung .73 .00

Trauer .01 .13

Verachtung .01 .12

Langeweile .00 .23

Results from Table 8 indicate significant differences for three
emotions: Trauer (p = .01), Verachtung (p = .01) and Langeweile (p =
.00). But, as there was reliability problem with the emotion ‘Trauer’
and the homogeneity for the last two emotions could be
questionable, these results could not be trusted.

3.3.2 2nd GLM

The 1st GLM didn’t deliver trustable results. One possible reason
was, that the effects of the necessary covariates (expertise, gender,
age and exposure to loudspeaker) were not included. In the 2nd
GLM these covariates were calculated together with the factors
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spatiality and quality.

mauchly’s test of sphericity was firstly conducted. Thesphericity test

values of the Greehouse-Geisser corrections in the Mauchly’s Test of
sphericity for each emotion scale are listed in Table 9:

Table 9: Mauchly’s Test of Sphericity for the 2nd GLM

Emotions scales Greenhouse-Geisser

Vergnügen .86

Freude .85

Zufriedenheit .81

Zuneigung .95

Faszination .92

Ergriffenheit .93

Interesse .93

Überraschung .92

Trauer .82

Verachtung .65

Langeweile .75

Sphericity assumption was validated for the 2nd GLM.

levene’s test for the homogeneity was conducted and thehomogeneity test

results are shown in Table 10.
For the emotions Überraschung and Verachtung for some stimuli

the null hypothesis of equal variances was rejected. This concludes
that for these emotions and stimuli there is a significant difference
between the variances in the subjects, and that the homogeneity
could be questionable for these combinations. Unlike in the 1st GLM,
the emotion scale ‘Langeweile’ appeared to have no homogeneity
problem in the 2nd GLM.

the manova was conducted for all emotions scales. Table 11MANOVA

shows the multivariate results according to Pillai’s Trace for stimuli,
spatiality and quality and the interaction between spatiality

and quality, together with all the covariates.

the multivariate tests for between subjects effects inmultivariate effects

Table 11 indicated that for the stimuli and spatiality, the null
hypothesis that there was no significant difference could be rejected,
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Table 10: Levene’s Test of equality of error variances for the 2nd GLM.
Values <.05 are marked red.

Emotions scales A B C D Mean

Vergnügen .81 .98 .34 .24 .59

Freude .57 .81 .23 .11 .43

Zufriedenheit .77 .64 .50 .57 .62

Zuneigung .27 .74 .46 .63 .52

Faszination .21 .63 .46 .15 .36

Ergriffenheit .09 .37 .79 .97 .55

Interesse .77 .83 .63 .26 .62

Überraschung .43 .44 .03 .24 .28

Trauer .28 .57 .49 .34 .42

Verachtung .50 .00 .09 .00 .14

Langeweile .96 .11 .06 .13 .31

Table 11: Pillai’s Trace for the multivariate effects in the MANOVA of the
2nd GLM. df = 11.

value F p η2P

stimuli .65 5.36 .00 .65

expertise .19 .67 .75 .19

gender .36 1.58 .15 .36

age .10 .34 .96 .10

emitter .26 .99 .47 .26

spatiality .48 2.61 .01 .48

quality .31 1.29 .27 .31

spatiality*quality .20 .74 .68 .20

and this was not rejected for the quality, the covariates and the
interaction between spatiality and quality. Continuing from these
results, univariate effects for the spatiality were inspected. Results
are shown in Table 12.

Again, the results from Table 12 indicate significant differences for
three emotions: Trauer (p = .01), Verachtung (p = .00) and
Langeweile (p = .00). And this time, apart from the ‘Trauer’ that had
reliability problem and the ‘Verachtung’ that had homogeneity
problem, the emotion scale ‘Langeweile’ indicated significant
between subjects effect on playback’s spatiality. A visualization of
this effect is shown in Figure 2.
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that the CD playback quality, in contrast to the YouTube quality, has
positive between subjects effect on felt emotion, although MANOVA
(Table 11) didn’t deliver interesting overall result (p = .27 for
quality), some significant effects could be observed in the univariate
tests. The reason why the overall effect of quality was not
significant could be due to the fact that the effects of the emotions
scales had different directions (for example, positive effect was
observed in the emotion scale ‘Langeweile’ while negative effects
were observed for all the other emotions scales which had significant
effects). This fact would then be further testified in the next GLM.

3.3.3 3rd GLM

By designing this GLM, following considerations have been made:

the emotion scale ‘trauer’ had reliability problem with
Stimulus C. This music piece was a “happy” one, and it might
have been the reason why measuring sadness when listening to
this song with three different sub-scales (see Table 19 on
Page 57) returned unreliable results. In spite of this, this
emotion scale proved to have some significant effects in the 1st
and the 2nd GLM. Therefore, this emotion scale was kept in
the 3rd GLM in the interest of test power.

the interaction spatiality*quality was removed from the
model design as it didn’t show any significant effect in the
previous models and removing it could save some test power
for more interesting effects.

the emotions scales ‘überraschung’ and ‘verachtung’
were removed in the 3rd GLM due to homogeneity problem in
the previous GLMs. As the design of the 3rd GLM is quite
similar to the 2nd GLM, removing them could save some test
power without violating the test’s validity.

Results are listed as follows:

mauchly’s test of sphericity. The values of the sphericity test

Greehouse-Geisser corrections in the Mauchly’s Test of sphericity for
each emotion scale are listed in Table 13. Sphericity assumption was
validated for the 3rd GLM.
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Table 13: Mauchly’s Test of Sphericity for the 3rd GLM

Emotions scales Greenhouse-Geisser

Vergnügen .88

Freude .83

Zufriedenheit .80

Zuneigung .96

Faszination .92

Ergriffenheit .92

Interesse .93

Trauer .85

Langeweile .75

levene’s test for the homogeneity was conducted and thehomogeneity test

results are shown in Table 14. And the assumption of homogeneity
was validated for all emotions scales.

Table 14: Levene’s Test of equality of error variances for the 3rd GLM.

Emotions scales A B C D Mean

Vergnügen .78 .92 .44 .30 .61

Freude .57 .93 .49 .11 .52

Zufriedenheit .74 .61 .70 .58 .65

Zuneigung .33 .74 .47 .67 .55

Faszination .21 .61 .45 .32 .40

Ergriffenheit .09 .38 .78 .97 .55

Interesse .79 .87 .74 .26 .66

Trauer .31 .82 .49 .35 .49

Langeweile .98 .13 .09 .13 .33

the manova was conducted for all emotions scales. Table 15MANOVA

shows the multivariate results according to Pillai’s Trace for stimuli,
spatiality and quality, together with all the covariates.
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Table 15: Pillai’s Trace for the multivariate effects in the MANOVA of the
2nd GLM. df = 11.

value F p η2P

stimuli .61 6.07 .00 .61

expertise .19 .90 .53 .19

gender .30 1.66 .13 .30

age .09 .37 .93 .09

emitter .24 1.21 .31 .24

spatiality .43 2.93 .01 .43

quality .31 1.74 .11 .31

the multivariate tests for between subjects effects in multivariate effects

Table 15 indicated that for the stimuli and spatiality, the null
hypothesis that there was no significant difference could be rejected,
and this was not rejected for the quality and the covariates.
Continuing from these results, univariate effects for the spatiality
were inspected. Results are shown in Table 16.

Table 16: Univariate effects for the 3rd GLM for the spatiality.

p η2P

Vergnügen .83 .00

Freude .66 .00

Zufriedenheit .78 .00

Zuneigung .25 .03

Faszination .71 .00

Ergriffenheit .34 .02

Interesse .39 .01

Trauer .01 .14

Langeweile .00 .31

Results from Table 16 indicate significant differences for Trauer (p
= .01) and Langeweile (p = .00). Apart from the ‘Trauer’ that had
reliability problem, playback’s spatiality indicated significant
between subjects effect on the emotion scale ‘Langeweile’. For a
visualization of this effect, refer to the Figure 2 in the 2nd GLM, as
the “direction” of the effect stayed the same: on the emotion scale
‘Langeweile’, playback’s spatiality format had significant positive
effect.
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Again, this observation justified the hypothesis a), that stereo
playback format has positive between subjects effect on felt emotion.
And for hypothesis b), although MANOVA didn’t deliver significant
overall effect (p = .11), the univariate effects for the quality should
be inspected. These effects are listed in Table 17.

Table 17: Univariate effects for the 3rd GLM for the quality.

p η2P

Vergnügen .08 .07

Freude .00 .19

Zufriedenheit .00 .16

Zuneigung .01 .14

Faszination .00 .22

Ergriffenheit .00 .23

Interesse .11 .06

Trauer .67 .00

Langeweile .02 .11

The quality had significant univariate effects on six emotions
scales except Vergnügen, Interesse and Trauer. For the emotion
scale ‘Langeweile’, playback quality had, according to the hypothesis
b), positive univariate effect, which means for this emotion scale the
CD quality could trigger a higher value than the YouTube quality.
For the other five emotions scales, the playback quality had a
negative effect. A visualization of these effect can be seen in Figure 3.
Despite the result from the MANOVA, these results could still be
trusted, as different ‘directions’ were observed. And the conclusion
could be that for most of the felt emotions, playback’s quality had
negative effects: YouTube quality could trigger stronger emotions in
most cases.
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3.4 parameter estimates of the 3rd glm

The estimated multinomial logistic regression coefficients for the 3rd
GLM were observed. As for all the emotions scales, given the
assumption that while all other variables in the model are held
constant:

expertise appeared to have a negative between subjects effect on
most emotions scales. This means, subjects with musical
expertise tend to feel less powerful emotions on these scales.

age didn’t show significant between subjects effect on most
emotions scales. This is probably because the age range in the
subjects set was not quite wide (mean = 24.18, SD = 2.62). On
the emotion scale ‘Faszination’ for Stimulus A (p = .01) and the
emotion scale ‘Langeweile’ for Stimulus D (p = .01) age showed
significant negative effects: in these situations older subjects
felt less “fascinated” or “bored”.

gender had negative between subjects effect on almost all emotions
scales. In other words: male subjects tend to feel less emotions
than female subjects.

emitter , which stands for experience with loudspeakers, had
positive effects on most emotions scales which appeared to
have significant interaction with this covariate. Conclusion is
then: Subjects with more exposure to loudspeakers in everyday
life felt stronger emotions while they listened to the music
pieces with headphones in this experiment.

The hypothesis c) was then justified for all of its components. As a
summary, three GLMs with brief details are listed in Table 18.
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4
D I S C U S S I O N A N D O U T L O O K

4.1 discussion

In this experiment there were two main findings: First, the
stereophonic playback format could evoke higher value of affection
on the emotion scale ‘Langeweile’ than monophonic playback quality.
Second, the playback quality used by YouTube (AAC, 128 kb/s)
appeared to have better musical expressivity than CD playback
quality on the majority of emotions scales. Besides these main
findings, the roles of the independent subject attributes as covariates
were also clarified, which are: musical expertise, gender, age and
exposure to loudspeakers when listening to music in everyday life.

4.1.1 Spatiality and the perception of music

Previous researches on audio playback’s spatiality have already
confirmed the advantage of multi-channel playback, whether these
researches focused on the spatiality quality itself [49, 30] or on the
felt emotions when listening to music [31, 9]. The spatiality quality,
according to Toole’s definition in [49], consists of “sound images”,
“continuity” and ”width” of the “sound stage”, “impression of
distance” and “abnormal effects”. When focused on felt emotions,
these attributes, however, are also limited by the evoking ability of
the musical excerpts. In this study, significant between subjects effect
of spatiality was found on the emotions scales ‘Trauer’ and
‘Langeweile’, which are both negative emotions. This could be
concluded that the “more spatial” playback quality acts like a kind
of catalyst which enhances felt emotions, whether these are positive
or negative emotions.

The result, that the playback spatiality did not show significant
between subjects effect on most (positive) emotions, could be
explained by the fact that the majority of recruited subjects in this
experiment listened to music in everyday life with quite “mixed”
manners. Figure 4 shows how the subjects listened to music by
representing their answers to the following questions (these
questions were asked and answered after the listening test, and the
last two questions were already mentioned in the methodology
chapter, of which the last one was the question for the covariate
emitter):
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source” and rather mono than stereo. The “sound images”,
“continuity” and “width” of the “sound stage”, as well as
“impression of distance” conveyed by these diverse systems could be
very different, nevertheless the room or environment to use these
loudspeakers could be various in size and acoustical attributes.
Adding the headphones as another source, these subjects are
believed to be statistically quite “well adjusted” to different spatial
playback environments and could focus better on the music itself in
the daily changing maneuver2. In these subjects, it could be quite
possible that playback’s spatiality doesn’t have any significant effect
on felt emotions at all.

Two of the four musical excerpts in this study were also used in
the earlier explorative study conducted by the author and a
colleague [9]. The procedure, equipment and loudness, as well as lab
environment of these two studies are quite similar to each other. The
fact, that the effects of spatiality found in the study in 2011 was more
significant than that in the study in 2015 could also be explained by
the fact that during these years the fast development of playback
devices has raised various listening experiences in everyday life
among the younger generation, resulting them to be better “well
adjusted” to different spatial playback qualities today. However,
some subjects, who listened to ML versions in this study, commented
like “the playback quality was too poor and I think that had affected
my enjoyment”. As already mentioned in the introduction chapter
(second paragraph of 1.2 on Page 4), in the study in 2011 no subject
talked about the playback quality, even given the fact that half of
that sample set consisted of students of the Audio Communication
Group who are believed to be experts of audio playback. These
phenomena reveal altogether the fact that the young people today, as
compared to 2011, are not only better adjustable to different
playback qualities, but also more aware of the playback quality itself.
In fact, these facts say one simple truth: the young people today have
better “musical expertise” than a few years ago.

4.1.2 Why streaming quality beats lossless CD quality

Continued from the above discussion on spatiality: although the
subjects’ answer “daily” to the first two questions which are
represented by the two upper pie diagrams in Figure 4 also seem
quite similar to each other, only 8 subjects (16.3%) had selected

2 As a subject asked the author one day after the experiment about the real purpose
of the experiment, the author told him he listened to the mono versions; then he
expressed his strong feelings for the musical excerpts and was quite sure the mono
playback didn’t affect his felt emotions, as he “could focus on the music itself, and
enjoyed it very much”.
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“daily” to both questions, according to the dataset. At least this fact
means the subjects’ listening behavior of the streaming/HiFi variant
is not so “mixed” as the headphones/loudspeakers variant. In other
words, compared to the various usage of devices, the subjects seem
to “stick to” the same music source in everyday life: either streamed
music, or local music (e.g. CD). This could explain why they are
statistically not so “well adjusted” between different playback
qualities, as quality’s effect on quite a few emotions scales, which
were mostly positive emotions (see Figure 3), was observed in this
experiment.

Toole [49] defined sound quality as consisted of “clarity”,
“softness”, “fullness”, “brightness”, “pleasantness” and “fidelity”.
These subjective attributes were also evaluated by the author and a
fellow sound engineer in a blind test with the same stimuli in SH
and in SL, with the above components as scales. Both the author and
the sound engineer could surely tell the difference of the versions,
and the key to manage that was on the scale “softness”. The SL
version sounded obviously “softer” and “warmer”, while on the
other scales the difference between them was quite inaudible. Taking
the first stimulus for example, the frequency distribution was
analyzed with Audacity and shown in Figure 5. On this
3-Dimensional figure, with both distributions in overlay displayed,
one can clearly see that the difference between both versions in the
frequency domain lies above approximately 16kHz. As already
discussed in the introduction chapter, although these frequencies lie
beyond human audible range, they could still make a difference in
music playback [34, 35, 36]. In this case, the YouTube quality, which
lack of higher frequencies as compared to the CD quality, sounded
“softer” and “warmer”.



 

   

ASL (dB) ASH (dB)

69% of all subjects had “musical expertise” and in this sense are
believed to be quite aware of the sound quality, but they were not
asked to evaluate the sound quality like in Toole’s experiment - they
were asked to report their felt emotions. They concentrated on their
own perceptions during the test, and the M-DAS score represented
how they enjoyed the sound [11]. And the result was, they evaluated
the stimuli in YouTube quality as better enjoyable than the CD
quality. As the author seldom listens to CD in the recent years, a
subjective impression is that the CD quality sounded “sharp in
higher frequencies” and it was somehow even “distracting”.
Although technically, the CD quality reproduces a better linearity in
frequency domain, the point of listening to music is for the
enjoyment. That the listening aesthetic has been changed, is
presumably the learning effect [40].

Although live music performance is believed to be one of the most
“buoyant part of the music economy” [50], music from YouTube or
similar sources is free. The younger generation today, as represented
by the subjects of this experiment, use mediated music in everyday
life and a live orchestral performance could be a new experience for
them [51]. The majority of the musical excerpts used in this
experiment are actual orchestral recordings, in which higher pitch
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noises such as the noise of strings of violins, strumming of guitar,
paper noises when turning the pages of sheet music etc. are quite
actively audible in the CD quality versions, while these are not so
“obvious” in the YouTube quality versions, thanks to the “high-cut”
attribute of the sound quality. On one hand, in line with Kolb’s
theory in “You Call This Fun? Reactions of Young First-time
Attendees to a Classical Concert” [51], the reproduction of such a
live performance could also affect the enjoyment of music in
younger generations who seldom visit live orchestral concerts. On
the other hand, younger listeners are believed to be more sensitive
for higher frequencies than older listener [32], thus the high pitch
noises in a precisely reproduced live performance could be even
more distracting for them.

Therefore, the conclusion of this finding could be that the subjects
are more used to the YouTube quality or similar qualities, as music
playback in these qualities are more familiar to them, and could
meet their expectations for a “better sound”. The hypothesis b) was
not justified.

4.1.3 Roles of musical expertise, gender, age and emitter usage

The hypothesis c) was justified for all of its components. The fact,on expertise, gender
and age that the majority of randomly recruited subjects in this study were

with musical expertise [11] as defined in this study, could be related
to the technical background of this university campus and the
nature of this experiment itself: when advertised as a “hearing
experiment”, people who enjoy “listening” would be more attracted
to attend. As neurological [21] studies have shown physical evidence
of musicianship, empirical studies [14, 12] found out trained
listeners are more accurate on realizing their felt emotions. This
could explain why the subjects with musical expertise in this study
appeared to be more “emotionally steady” when listening to music.
Same goes for the age and gender, as older subjects are likely more
experienced in feeling emotions they were less “fascinated” or
“bored”, and as female subjects could feel more powerful emotions
when listening to music than male subjects.

The experience in everyday life also applies for the covariateunderstanding on
emitter emitter, which stands for the exposure to loudspeakers, as it stands

for how “fresh” the headphones experience could be for the subjects.
But as already discussed with Figure 4, almost half of all subjects
(44.9%) use both headphones and loudspeakers every day, and for
these subjects, the headphone is not quite a new experience. The
positive effect of emitter could be explained by how “serious” they
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listen to music in everyday life. People listen to music when cooking,
washing, studying, sporting etc. This could be the reason why they
are exposed to music with both loudspeakers and headphones on
the same day [47]. In this sense, “music from loudspeakers” could
be heard in a supermarket, in a restaurant, in an airport etc. and this
listening is not serious appreciation. Although music in public areas
also function as trigger of emotions [52, 53] the listeners do not
listen seriously as in the experiment, where they concentrate on their
felt emotions: And for them, listening to music through headphones
or even through loudspeakers and concentrating on their felt
emotions is a relatively new experience.

4.2 conclusion and outlook

4.2.1 Personality, social connotation and “sound preference”

As the development of technology enables the mediatization of music preference

music as product today, the younger generation learn [40] the
“media grammar” [54] as they were born into this mediatized
environment. In light of the research of Rentfrow et al [46] on the
correlation between personality and music preference, people
develop their music preferences with unconscious consideration on
aspects of the social connotation of the music products. Young
people listen to certain music types not only because of the music
itself, but also because other young people are listening to them. In
this sense music not only communicates emotion within people, but
also works as a sort of social identification between people.

Continued from this discussion of preference for music types
(whether distinguishing music conventionally per genres, or in sense
of how music make listener feel [47]3), another dimension of music
preference is yet to be uncovered: the playback format. Here, “sound” preference

playback format stands for the combination of all technical
circumstances, as sound [11], especially of spatiality and quality.
Questions like “Is playback format also used as reference of social
identification as well as music genre preferences in the media
grammar of the younger generation today? For instance, do CDs
only belong to “certain” people? Can we be true friends, if you use
high-end playback devices and I use YouTube? Do people use HiFi
equipment for pure musical enjoyment or for self distinguishing
from the crowd?” are yet to be answered.

3 Refer to the footnote on Page 11
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4.2.2 Criticism and methodological outlook

The subjects could only hear the excerpts once, before they finishmeasurement levels

each M-DAS questionnaire. Some of them suggested that it would
be nice to hear it again by filling out the questionnaire as music was
too short, compared to the time to finish the 33 questions. One
subject wrote “I almost forgot how I felt after answering some questions”.
However, these suggestions were not taken, as measurement level
should be equal on each subject.

Although it was clearly instructed before the experiment (seeprecise procedures

appendix 2 : printed instruction in the lab) that they
should start answering questions after listening, some subjects
already started answering halfway in the stimuli. The author made
such assumption because the time taken for these subjects to finish
each M-DAS was extremely short: almost as long as the excerpts4

(one subject even finished as music was still playing, and the author
reminded him to read the instruction again); it was impossible that
they finish the M-DAS in seconds. However, it is still not clear if this
could cause distortion to the results. Anyway, in future tests this
instruction has to be orally emphasized.

One or two subjects have complained about the playback volume.loudness

Although each subject had heard the excerpts with the same
loudness, it could be true that for certain people the average volume
is too loud. Unfortunately the volume could not be adjusted for each
subject, as loudness is believed to be a dominant part of the music
perception [55, 56]. So how to calibrate the equivalent loudness for
each subject is a question yet to be explored.

The definition of “music per streaming” or “music per HiFi” waslistening behavior

not clear enough. A handful of subjects have asked about the
definition of these terms before answering them. These subjects
should have then understood the questions correctly. How did the
other subjects silently interpret these questions, is unknown.

In future experiments, it would be interesting to inspect subjects’
openness to new experiences as well. On one hand, since the musicsensation seeking

pieces as stimuli were supposed to be unfamiliar to all subjects, it
was a new experience for all of them to hear these music pieces; and
this concerns the overall experience of the experiment. On the other
hand, concerning the music itself, even if the subjects listen to
familiar music pieces, their personality trait also plays a role in the

4 The author was aware of the time taken for each M-DAS finishing because in the
experimental procedure (2.6, on Page 18), music was manually played upon request
of the subject after each measurement.
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perception. Continued from the argument that headphones would
be a new experience for some subjects who used loudspeakers more
often, another dimension that described each subject’s openness to
new experience as calibrating covariate could be introduced, and is
called Sensation Seeking [57]: “the need for varied, novel and complex
sensations and experiences and the willingness to take physical and social
risks for the sake of such experience.” According to this theory high
sensation seekers tend to have a high level of stimulation [58]. The
findings of Litle et al [59] (based on music genres) indicated that
high sensation seekers “tolerate and like high intensity and/or
complexity in music”. The introduction of Sensation Seeking should
help to better understand the subjects’ enjoyment of music.
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A
A P P E N D I X 1 : M - D A S

modifizierte differenzielle affekte skala

• The M-DAS used in this experiment was a combination of 11

selected scales according to Tabelle 2 in [48] and each scale has
three sub-scales;

• Each subject fills out four M-DAS questionnaires with 33

sub-scales and the questions were randomized in each
measurement.

• Following is a list of these 11 scales and their 33 sub-scales:

Table 19: M-DAS scales and sub-scales.

Scales Sub-scales

Vergnügen amüsiert - erheitert - vergnügt

Freude fröhlich - glücklich - Freude

Zufriedenheit ausgeglichen - wohl - zufrieden

Zuneigung liebevoll hingezogen - verliebt - Zuneigung

Faszination beeindruckt - fasziniert - gebannt

Ergriffenheit bewegt - ergriffen - gebannt

Interesse aufmerksam - konzentriert - wach

Überraschung Überraschung - erstaunt - verblüfft

Trauer niedergeschlagen - entmutigt - Trauer

Verachtung Verachtung - Geringschätzung - Spott

Langeweile unbeteiligt - Langeweile - angeödet
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B
A P P E N D I X 2 : P R I N T E D I N S T R U C T I O N I N T H E L A B

Every subject was asked to read this instruction carefully before the
start:

Liebe/r	Versuchsteilnehmer/in,	 	

während	des	folgenden	Experiments	werden	Dir	vier	
Musikstücke	vorgespielt.	 	

Nach	jedem	dieser	Musikstücke	wirst	Du	gebeten,	zu	
vorgegebenen	emotionsbeschreibenden	Begriffen	
anzugeben,	wie	stark	Du	diese	Gefühle	beim	Hören	
der	Musik	empfunden	hast.	 	

Bitte	gib	hierbei	wirklich	nur	die	Emotionen	an,	die	
Du	tatsächlich	empfunden	hast,	und	nicht	die	
Emotionen,	die	das	Musikstück	vermitteln	soll.	 	

Im	Anschluss	werden	noch	einige	allgemeine	
Informationen	abgefragt.	Falls	Du	hierzu	Fragen	
hast,	wende	Dich	einfach	an	den	Versuchsleiter.	 	

Vielen	Dank,	dass	Du	an	meinem	Experiment	
teilnimmst!	 	

Meng	 	
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