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Abstract
For storage restriction purposes, audio streaming services often rely on lossy compression formats as files
used for playback. In 2018, the audio streaming giant SoundCloud went from using 128 kbps MP3 files to 64
kbps Opus files, and shortly after this was unveiled, music press and users of the service claimed it to be an
audio quality impairment. To investigate the reliability in these claims, listening tests using popular songs
were performed, having 17 trained listeners assessing perceptual audio quality in 128 kbps MP3 and 64 kbps
Opus compared to 44.1 kHz, 24 bit WAV files. When counting scores of all used audio stimuli combined,
results showed MP3 outperforming Opus with statistical significance.
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1. Introduction
Online streaming is today the most popular way of listening to music (IFPI, 2018), with YouTube being the
most used streaming platform. However, SoundCloud is the most used streaming platform only dedicated to
audio (Forbes, 2018), with more than 175 million global users every month (SoundCloud, 2019). For data
storage and user bandwidth limitation reasons, audio files uploaded to SoundCloud is going through lossy
compression encoding, saving on storage space and making streaming playback require less data usage. In
January of 2018, the service changed encoding format from MP3 at 128 kbps to Opus at 64 kbps (Complex,
2018), making uploaded files considerably smaller, possibly decreasing their audio quality. Not long after this
was revealed, users expressed their disappointment on the SoundCloud forums, with what they experienced as
an audio quality impairment (SoundCloud, 2018).

1.1 Background
1.1.1 Lossy Compression Audio Formats
There are two common types of digital audio formats; lossless and lossy. Lossless formats, such as FLAC
(Free Lossless Audio Codec) and WAV (Waveform Audio File Format), compress audio data in a way where
no audio information is deleted. Lossy compression formats, on the other hand, delete some of the audio data
to make the files as small as possible. To maintain the closest possible resemblance to the original audio, the
encoding algorithms are designed with psychoacoustical models in mind, relating to the frequency response
and masking of human hearing. This is called perceptual audio coding, which means that the encoder aims to
only erase audio information we usually cannot perceive, making for no excessive data usage. However,
despite the intention of only erasing imperceptible audio data, this process often introduces different kinds of
audible artifacts. Common such artifacts are distortion, noise and loss of bandwidth, meaning that certain
frequencies get cancelled out. Something called pre-echoes can also appear, meaning that noise appears before
subsequent audio content. (Brandenburg, 1999).
1.1.2 MP3
MPEG-1 Audio Layer III (MP3) is a lossy compression audio format released by Moving Picture Experts
Group (MPEG) in 1993. Being defined as an open standard, the MPEG specification is available to everybody
for implementation at a certain fee. When encoding MP3, the audio content is decomposed into 32 frequency
sub-bands consisting of up to 576 frequency lines. Each sub-band is then encoded with a bit allocation
determined by the audio content and the bitrate (number of available bits), ranging from 8 kbps to 320 kbps. It
also uses something called MDCT (Modified Discrete Cosine Transform), meaning that the audio content data
blocks (sequences of bits) overlap each other in the bitstream, making steady and long tones appear more
consistent, although short, transient like content can suffer from pre-echoes. In its initial form, MP3 could
only be encoded with a constant bit rate (CBR), meaning that the bit rate stays the same for the entire encoded
audio material. However, through later third party developed encoders such as LAME (1999), variable bit rate
(VBR) is possible, meaning that the bit rate can change throughout the encoded audio material. MP3 also
work with different sampling frequencies - 32 kHz, 44.1 kHz and 48 kHz. (Brandenburg, 1999).
1.1.3 Opus
In 2012, programmers part of the IETF (Internet Engineering Task Force) Codec Working Group released the
format Opus, being entirely open source and royalty free. It was the result of the combination of two
preceding formats from the same team; SILK, used primarily for speech and CELT (Constrained Energy
Lapped Transform), used primarily for music.
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In CELT encoding, the audio content is divided into 21 dynamically adjustable frequency bands, allowing for
interchangeable bandwidth. Bit rates ranges from 6 kb/s to 510 kb/s, with both CBR, VBR and sampling rates
from 8 kHz to 48 kHz. The name Constrained Energy Lapped Transform refers to MDCT and that the codec
also targets a way of constraining the energy in each frequency band explicitly, so that the spectral envelope is
preserved. SILK was developed for use on the internet based voice communication service Skype and uses
something called linear predictive coding (LPC) as well as a long-term prediction filter. These are used to
predict and model speech in Skype calls when connection is interfered and speech data can’t transfer
continuously. It operates within sample rates between 8 to 24 kHz with variable bitrate between 6 and 40 kbps
(IETF, 2012). All features of CELT and SILK are available in Opus (with bitrate and sample rate being
customizable), and its developers states that it “is more efficient when operating with VBR, which is the
default.” (IETF, p. 12, 2012).

1.2 Audio Assessment Methods
1.2.1 EBU Document Tech 3286-E
The EBU document Tech 3286-E is a method for evaluation of music material for trained listeners,
recommended by the EBU (European Broadcasting Union). It is based around assessing the material with a set
of attributes; Spatial impression, Stereo impression, Transparency, Sound Balance, Timbre, Freedom from
noise and distortions and Main impression. These attributes are rated on a scale from 1 to 6, where 1 is Bad
and 6 is Excellent. Although originally intended for assessment of classical music, this method can be used on
all types of music.
1.2.2 ITU-R BS.1116-1
Developed by the International Telecommunication Union (ITU), the ITU-R BS.1116-1 is a subjective
assessment recommendation intended for audio material with “impairments so small as to be
undetectable without rigorous control of the experimental conditions and appropriate statistical analysis”
(p. 1). The methodology around this recommendation revolves around double blind listening tests, where the
trained listeners compare a known reference stimulus with two other stimuli (A and B) – one of these being a
hidden reference. A and B is then assessed according to a scale with scores from 5.0 to 1.0 (Table 1.1).
Results are then going through what is called a “post-screening”-procedure. This means excluding all scores
of an audio stimuli where the majority of subjects could differentiate the stimuli with a difference grade of
-2.0 to -4.0 since this could be considered “large impairments” that would obscure rather than facilitate overall
results. Scores of individual subjects that cannot differentiate the stimuli with statistical significance are also
excluded, since this may suggest these subjects are guessing rather than actually hearing differences.
Table 1.1 - ITU-R BS.1116-1 scale
5.0 - Imperceptible
4.0 - Perceptible, but not annoying
3.0 - Slightly annoying
2.0 - Annoying
1.0 - Very annoying
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1.2.3 ITU-R BS.1534-1 – MUSHRA
The ITU-R BS. 1534-1 standard (ITU-R, 2001-2003), also known as MUSHRA (Multiple Stimuli with
Hidden Reference and Anchor), have tests where subjects grade a hidden reference audio file, as well as
multiple other stimuli of the same audio file but processed (e.g. encoded) differently, in comparison to a
known reference audio file. There are also one or more hidden anchors which is intentionally impaired stimuli
giving the researcher a way of comparing the grade between different subjects. The method is intended for
material of moderate quality differences, and as with EBU document Tech 328-E, the grading scale ranges
from Bad to Excellent, but with incremental steps from 1 to 100.
1.2.4 PEAQ
Developed by Opticom (2005), PEAQ (Perceptual Evaluation of Audio Quality) is an objective test audio
measurement software that take perceptual quality into account. It is based around the principles of ITU-R
BS.1387-1 (1998) and compares attributes such as noise, harmonics and distortion between different audio
codecs. Being that the measurements consider psychoacoustics, PEAQ only presents perceptible audio
information and excludes what is imperceptible.

1.3 Previous Studies
Valin, J., Maxwell, G., Terriberry, T. B., & Vos, K. (2013)
This paper describes Opus encoding and includes subjective MUSHRA tests with music and speech encoded
to CELT mode Opus and MP3, among other formats, all at 64 kbps bit rate. The subjects were 15 untrained
listeners and among the music was pop, orchestra, acapella singing, a vocal quartet and castanets with the
speech being both male and female. Cascading performance was also tested with 64 kbps CELT mode Opus
and 128 kbps MP3 using the software PQevalAudio, an alternative version of PEAQ (Perceptual Evaluation
of Audio Quality). It is not presented if the subjective testing was done with loudspeakers or headphones, but
nevertheless, Opus outperformed MP3 in both subjective and objective tests.
Počta and Beerends (2015)
With music and speech encoded to a range of audio formats at bit rates ranging from 32 – 320 kbps, this study
shows results of Opus being inferior to MP3 at all tested bit rates, both in subjective listening tests and
objective tests. Stimuli was single instruments; double bass, flute, bass clarinet, castanets and harpsichord.
Subjects were 21 expert listeners, and listening was done in Sennheiser HD 455 headphones. For the objective
tests on speech, the voice oriented version of PEAQ - POLQA (Perceptual Objective Listening Quality
Analysis) - was used, with the original PEAQ was used on music.
Pras, A., Zimmerman, R., Levitin, D., & Guastavino, C. (2009)
A study on perceptual quality of MP3-encoded music excerpts in different genres; Pop, Metal Rock,
Contemporary, Orchestra and Opera. Encoding was done in bit rates from 96 kbps to 320 kbps,
with test subjects comparing this to CD quality (44.1 kHz, 16 bit) and also assessing artifacts. Results showed
that trained listened listeners only could discriminate 96 kbps – 192 kbps coded MP3 from CD quality, as
opposed to expert listeners (with more years of studio experience), that could discriminate MP3 at all used bit
rates from CD quality. It was also shown that artifacts were more easily audible in the excerpts of pop and
metal rock than in the excerpts of contemporary, orchestra and opera, suggesting that different genres of
music have different impact on perceptual quality.
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Tovedal (2017)
This study investigates how perceived audio quality is affected by application of highpass- and lowpass filters
before MP3 encoding, with listening tests through the software STEP, were quality is assessed with the help
of attributes from the EBU document Tech 3286-E standard. A questionnaire was also implemented to gain
demographic information from subjects. Stimuli was popular music of different genres and the test results
showed statistical significance for certain filtering settings.
Summary
Valin et al. has codec tests showing Opus outperforming MP3 as opposed to Počta and Beerends having tests
where MP3 scores higher than Opus. Pras et al. showed that trained listeners and expert listeners perform
differently when comparing MP3 to CD quality, as well as showing that music genres has an impact on the
results. Tovedal had tests implementing the attributes from the EBU document Tech 3286-E, making for a
professionally standardized assessment method, along with a demographic questionnaire. In summary, these
studies provided background knowledge and research methods, developing a structure for how to properly
obtain and analyze data. Some of the methods were however adjusted to better suit the research question.

1.4 Scope of Research
1.4.1 Priorities
This study aims to investigate perceived audio quality in Opus at 64 kbps and MP3 at 128 kbps when being
used on popular music. A range of songs in different genres is implemented to give a nuanced representation
of the kind of material these codecs are commonly used on. The main approach of the study is subjective
evaluation, letting subjects perform a listening test. Statistical analysis of acquired data is done for all music
examples combined, for a general comparison between the codecs, as well as for each music example
separately, to see what impact different music makes. Objective testing through software like PQevalAudio
was also in consideration, although the idea was discarded due to it requiring unpossessed programming
knowledge.
1.4.2 Purpose
With the recent controversies surrounding the switch of codec on SoundCloud, the purpose of this study is to
investigate whether Opus at 64 kbps or MP3 at 128 kbps are considered divergent in terms of perceived audio
quality, with popular music being its use. Since SoundCloud is the biggest streaming service only dedicated to
music (Forbes, 2018), this could be of interest for music listeners as well as music creators using the service.
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2. Method
2.1 Audio Stimuli
2.1.1 Music
Music was selected by determining the most listened genres on SoundCloud, which in 2016 was reported to
be Rock, Pop, Electronic, House and Hip Hop (SoundCloud, 2017). In subsequent years, SoundCloud did not
publish reports including most listened genres, thus the 2016 report was used as a point of reference. Among
the genres, House was excluded, being deemed too similar to Electronic. Popular songs within the selected
genres were then chosen (see Table 2.2) from year-end charts on Billboard.com, where the most listened
songs in recent years are presented (Billboard, 2019). The reasoning behind this selection procedure was to
find the kind of music that would be likely to hear on a streaming platform like SoundCloud. The actual music
audio files were then purchased digitally in uncompressed 44.1 kHz, 24 bit WAV format on HDtracks (2019).
Table 2.2 – Selected Songs/Audio Stimuli
Song/Audio Stimuli
Without You
The Sky Is The Neighborhood
8 Out Of 10
Gust of Wind

Artist
Avicii
Foo Fighters
Drake
Pharrell

Genre
Electronic
Rock
Hip Hop
Pop

2.1.2 Audio Stimuli Preparation Equipment
Digital Audio Workstation (DAW): Reaper, version 5.971 (Sample frequency 44.1, bit depth 24 bit)
MP3 encoding: LAME encoder 3.99.5 - Bit rate: 128 kbps CBR
Opus encoding: Opus 1.3 - Mode: CELT - Bit rate: 64 kbps VBR
The DAW was used for cutting out and encoding music excerpts, where 30 second segments of each song
were selected, all of these containing a shift of instrumentation or vocals (e.g. verse to chorus). This in order
to have the music excerpts be as varied as possible, giving a more nuanced representation of the songs.
Loudness normalization was in consideration to assure all excerpts were at the same level, although this idea
was discarded by the author, deeming all excerpts having a similar loudness level. Also, it is not known if
SoundCloud uses or used VBR or CBR, let alone does or used to do any additional processing when encoding
to these formats. Due to this, the choice of CBR for MP3 was taken since it is the original operating form, and
VBR for Opus since it is the default operating form according to its developers.

2.2 Subjective Data Collection – Listening Tests
2.2.1 Equipment
Hardware:
Laptop PC
Interface: MOTU UltraLite MK3
Headphones: Sennheiser DT-990 Pro (250 Ohm)
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Software:
OS: Windows XP
Listening test program: Audio Research Lab – STEP (Subjective Training and Evaluation Program) version
2.00
2.2.2 Procedure
The subjective data collection consisted of four steps, where the subjects:
1.
2.
3.
4.

Answered a questionnaire
Read the test instructions
Performed a listening test training round
Performed the listening test

Listening test instructions were provided in Swedish and English and explained how to use the ITU-R
BS.1116 based test in STEP, an audio evaluation software. It also included a guideline for the subjects
regarding what EBU document Tech 3286-E attributes to listen for; the same as Tovedal (2017) used, to make
comparing of results between studies legitimate. For the full set of instructions, see Appendix A.
Table 2.3 – EBU document Tech 3286-E attributes
Sound balance
The individual sound sources appear to be properly balanced in the
general sound image.
Timbre
Accurate portrayal of the different sound characteristics of the
sound sources.
Stereo impression
The sound image appears to have the correct and appropriate
directional distribution of sound sources
Freedom from noise and distortions
Absence of various disturbing phenomena such as electrical noise, acoustical noise, public noise, bit errors,
distortions, etc.
2.2.3 Listening Test
The listening test consisted of 8 trials, where each trial presented two format versions, A and B, of a single
music excerpt. One was either MP3 or Opus and the other one the uncompressed WAV reference. The order
in which the trials and format versions were presented was entirely randomized, for the sake of ruling out
systematic errors. The test training round contained a short musical excerpt included with STEP, where there
was an obvious impairment in the form of added white noise or filtering between A and B, to make it easy for
subjects to understand how to grade each excerpt version.
2.2.4 Pre-Study
A pre-study was performed, where two subjects already aware of the research question got to participate in a
conceptual version of the listening test in STEP, meaning that its structure was not yet finalized. After these
test sessions, informal discussions were held with the subjects, where they got to comment on their experience
with the session. The purpose of this was to gain constructive criticism, and by that optimize the structure on
the actual test. The subjects said the shown reference was distracting and the quality differences between
formats were small.
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2.2.5 Modified Assessment Method
As for assessing perceptual audio quality in the listening tests, a combination of EBU document Tech 3286-E
and ITU-R BS.1116-1 was used. The selected EBU attributes were implemented, but only as guidelines for
what the test subjects should listen for, and its rating system was discarded. For actual rating of quality, the
ITU-R BS.1116-1 method was used, since the tests dealt with rather small quality differences. The known
reference was however excluded, letting subjects compare a hidden reference to another format version of the
same music excerpt. This was decided since it was referred to as distracting by the subjects of the pre-study.
2.2.6 Subjects
The 17 subjects that participated in the listening tests were considered trained listeners, all of them audio
engineering students. The questionnaire they got to fill in prior to the listening test regarded demographics and
had questions taken from the study made by Tovedal (2017, p. 27, 28). It gathered information regarding
music consumption and playback habits, and also determined whether they had any hearing impairments or
not. Figure 2.1 - 2.4 (page 11) shows the answer distribution. For the full questionnaire, see Appendix B.
2.2.7 Data Analysis
As part of the ITU-R BS.1116-1, the post-screening procedure was performed on the data. No entire score set
of a particular audio stimuli/song was excluded due to overall difference grades, however the scores of two
subjects were, due to them not differentiating stimuli with statistical significance. Scores of the remaining 15
subjects were then grouped together to determine the average and standard deviation and were analyzed
through paired t-tests to detect statistical significance. This was done for each song separately and for all
songs combined. With Cohens-D, effect size was calculated, in order to show the magnitude of the statistically
significant difference between the data groups. The data was also visualized in graphs, to make for
comprehendible comparison between the results.
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In which format do you primarily
consume music?

Streaming Services = 16

Radio = 1

Do you more commonly use
loudspeakers or headphones?

Loudspeakers =10

Headphones = 7

Figure 2.1 – Music consumption format

Figure 2.2 – Loudspeakers/Headphones

What listening equipment do you most
commonly use?

Do you have any form of
hearing impairment?

Mobile phone = 9

Computer = 8

Figure 2.3 – Equipment

1
Hearing impairment
=0

Figure 2.4 – Hearing impairment
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3. Results & Analysis
3.1 Post Screening
Table 3.1 shows the post screening one-tailed t-tests done on the average score difference of each subject.
This resulted in two sets of subject scores being rejected due to these subjects not being able to differentiate
the formats with statistical significance.
Table 3.1 – Post screening t-tests
Average
Subject
Difference

Standard
Error

Standard
Deviation

P-Value

Statistical Significance

1

0,18

0,07

0,21

0.023

Yes

2

0,15

0,08

0,22

0,048

Yes

3

0,29

0,15

0,43

0,049

Yes

4

0,44

0,18

0,51

0,022

Yes

5

0,18

0,09

0,26

0,046

Yes

6

0,56

0,3

0,86

0,054

No

7

0,74

0,37

1,04

0,042

Yes

8

0,26

0,23

0,65

0,148

No

9

0,19

0,1

0,27

0,043

Yes

10

0,17

0,07

0,21

0,028

Yes

11

0,22

0,11

0,31

0,042

Yes

12

0,3

0,14

0,39

0,033

Yes

13

0,24

0,12

0,35

0,047

Yes

14

0,4

0,19

0,53

0,035

Yes

15

0,31

0,15

0,42

0,038

Yes

16

0,5

0,26

0,73

0,047

Yes

17

0,25

0,1

0,29

0,022

Yes

Degrees of freedom: 7
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3.2 Score Results
For comprehension, an explanation of the used terms were put together, shown in Table 3.2. Table 3.3 shows
the average and standard deviation of the scores for the formats in each audio stimuli separately. For all songs,
Opus scored lower than WAV/Opus, and for all songs except Without You, MP3 scored higher than
WAV/MP3. Without You was also the only song to have both WAV/MP3 and WAV/Opus score higher than
MP3 and Opus, as well as the only one to have Opus scoring higher than MP3. 8 Out Of 10 in MP3 was the
highest scoring out of all examples. Table 3.4 shows the average and standard of the scores for the formats in
all audio stimuli combined. MP3 scored higher than WAV/MP3 and Opus, and Opus scored lower than
WAV/Opus. Figure 3.1 – 3.5 gives visual representation of the data in Table 3.3 and 3.4.
Table 3.2 – Term explanation
Term
WAV/MP3
WAV/Opus

Meaning
A WAV-file reference that was compared to MP3
A WAV-file reference that was compared to Opus

Table 3.3 - Average and standard deviation of scores for the formats in each song
Song/Audio Stimuli
Format
Average
Standard Deviation
Without You

The Sky Is The Neighborhood

8 Out Of 10

Gust of Wind

WAV/MP3

4,83

0,52

WAV/Opus

4,75

0,4

MP3

4,38

0,62

Opus

4,53

0,66

WAV/MP3

4,59

0,6

WAV/Opus

4,85

0,49

MP3

4,81

0,35

Opus

4,62

0,37

WAV/MP3

4,76

0,51

WAV/Opus

4,71

0,58

MP3

4,89

0,32

Opus

4,47

0,63

WAV/MP3

4,74

0,59

WAV/Opus

4,69

0,6

MP3

4,81

0,3

Opus

4,64

0,58

Table. 3.4 - Average and standard deviation of scores for the formats in all audio stimuli combined
Song/Audio Stimuli
Format
Average
Standard Deviation
All

WAV/MP3

4,73

0,55

WAV/Opus

4,75

0,51

MP3

4,72

0,45

Opus

4,57

0,56
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Score
5
4,5
4
3,5
3
2,5
2
1,5
1

WAV/MP3

WAV/Opus

MP3

Opus

WAV/MP3

Without You

WAV/Opus

MP3

Opus

The Sky Is The Neighbourhood

Figure 3.1 – Without You score

Figure 3.2 – The Sky Is The Neighbourhood score

Score
5
4,5
4
3,5
3
2,5
2
1,5
1

WAV/MP3

WAV/Opus

MP3

8 Out Of 10

Figure 3.3 – 8 Out Of 10 score

Opus

WAV/MP3

WAV/Opus

MP3

Opus

Gust of Wind

Figure 3.4 – Gust of Wind score
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Score

5
4,5
4
3,5
3
2,5
2
1,5
1

WAV/MP3

WAV/Opus

MP3

Opus

Figure 3.5 – Average and standard deviation of the format scores for all songs
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3.3 Statistical Analysis
Table 3.5 shows statistical significance in format score comparisons for each separate song. In Without You,
statistical significance was found with medium effect size between MP3 and WAV/MP3. 8 Out Of 10 also
showed statistical significance with medium effect size between MP3 and Opus. Table 3.6 shows statistical
significance in format score comparisons for all songs combined, where statistical significance was found
between MP3 and Opus with small effect size.
Table 3.5 – Statistical significance for each song
Song/Audio
Average Standard
Comparison
Stimuli
Difference Deviation
MP3 0,45
0,94
Without You
WAV/MP3
Opus 0,21
0,92
WAV/Opus
MP3 - Opus
The Sky Is The
Neighborhood

MP3 WAV/MP3
Opus WAV/Opus
MP3 - Opus

8 Out Of 10

MP3 WAV/MP3
Opus WAV/Opus
MP3 - Opus

Gust of Wind

MP3 WAV/MP3
Opus WAV/Opus
MP3 - Opus

Standard
Error

P-value

Statistical
Significance

Effect
size
0,79 Medium

0,24

0,04

Yes

0,24

0,19

No

--

0,15

0,61

0,16

0,17

No

--

0,22

0,81

0,21

0,16

No

--

0,21

0,67

0,17

0,1

No

--

0,16

0,5

0,13

0,1

No

--

0,13

0,65

0,17

0,23

No

--

0,24

1,04

0,27

0,19

No

--

0,42

0,66

0,17

0,01

Yes

0,64 Medium

0,07

0,73

0,19

0,35

No

--

0,05

0,96

0,25

0,43

No

--

0,17

0,67

0,17

0,17

No

--

P-value

Statistical
Significance

Effect
size

0,47

No

--

0,06

No

--

0,03

Yes

0,3 Small

Degrees of freedom: 14
Table 3.6 – Statistical significance for all songs combined
Song/Audio
Average Standard Standard
Comparison
Stimuli
Difference Deviation
Error
MP3 0,008
0,81
0,1
All
WAV/MP3
Opus 0,18
0,9
0,12
WAV/Opus
MP3 - Opus
Degrees of freedom: 59

0,16

0,64

0,08

16

Anton Louthander
Luleå University of Technology
2019

4. Discussion
4.1 Results
In all songs except Avicii’s Without You, MP3 performed better than Opus, although 8 Out Of 10 was the only
song to have MP3 outperforming Opus with statistical significance. Without You was also the only song to
have WAV outperform MP3 with statistical significance. Overall, MP3 outperformed Opus when counting all
song scores. With the rest of the format comparisons showing of no statistical significance, the results may
indicate that subjects did not hear any difference in these test trials. It should also be noted that in each song,
the WAV-version was scored differently when compared to MP3 as opposed to Opus, which could indicate
that the subjects perceived the reference differently depending on which lossy format it was compared to.
Pocta and Beerends showed results of MP3 performing better than Opus in subjective evaluation, although
there were more bit rates and entirely different stimuli consisting of only single instruments in those tests. On
the contrary, Valin et al. showed subjective evaluations where Opus outperforming with stimuli of different
music, instruments and speech, although 64 kbps was the only bit rate used in those tests. With these prior
results, 128 kbps MP3 against 64 kbps Opus might be seen as an unfair comparison, but with Valin et al.
showing results of 64 kbps Opus outperforming 128 kbps MP3 in cascading performance, it was deemed
appropriate to investigate if this would be the case even in subjective tests. The different kinds of stimuli used,
and also that Valin et al. used untrained listeners as opposed to this study and Pocta and Beerends having
trained listeners, makes comparisons rather unreasonable nonetheless. They can however be observed side by
side, seen as points of reference within this research area. Additionally, with both Pocta and Beerends as well
as Valin et al. incorporating objective tests in their studies, it was conceived as a natural extension to include it
here as well. Unfortunately, the testing software that was looked into, PQevalAudio, required coding
knowledge which was not in possession by the time the research was initiated, and the idea was therefore
discarded. This kind of objective data could have been compared to the subjective data to see if these results
show correlation, and also to show how the formats perform in different aspects of the encoding.

4.2 Audio stimuli
With 8 Out Of 10 scoring better in MP3 than Opus with statistical significance, it could be indicated that hip
hop music is generally more preferred in MP3. In Without You, WAV outperformed MP3 with statistical
significance, suggesting that electronic music may be preferred in lossless encoding. To gain validity of these
implications would however require further testing with more hip hop and electronic music examples.
Although the rather minimal array of used genres had the clear motivation of being in the most listened ones
on SoundCloud, inclusion of more kinds of music could certainly have created a more nuanced test. With the
used songs being highly popular and commercially successful, they might have a similar sound, with
commercial songs often known for e.g. low dynamic range. As a counterpart to this, material with higher
dynamic range could have been implemented, such as classical music. Not only would it have brought further
variation to the stimuli, it could also have been used for comparison with the studies of Pras et al. (2009),
where classical music was one of the investigated genres. Including solo instruments like Valin et al. and
Počta and Beerends could also have been possible, to allow for further comparisons with these studies.
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The use of only commercial music might also have been wrongly representing SoundCloud, since they in a
big sense are aimed towards home-producers. Commercially produced music often arise from higher
production standards than the ones of independent music makers – although - more and more commercial
music is being produced at home. It can also be argued that the selected songs in of themselves have a sound
produced and customized for lossy compression formats, being that this would likely be their most consumed
form. In regards to perceived audio quality, it should also be mentioned that much of the complaint
surrounding the format switch on SoundCloud is coming from music producers themselves. It is not unlikely
that they are having their own music as a point of reference, where they might have deep insight into its
production. Being familiar with the material often makes spotting of artifacts and other sonic differences of
formats easier. In relation to this, results might have been impacted by the subject’s level of familiarity to the
songs, where they could have had an advantage if the song was known to them beforehand. Being that the
songs are rather common, this is not an unlikely presumption. Furthermore, regarding loudness on each music
excerpt between the formats, no normalization was done due to the author perceiving them to be at similar
loudness level. This might have been a questionable choice, since loudness was then verified the through the
subjective opinion of one person instead of being done objectively through proper measuring. Listening at the
same level of loudness when comparing things like formats is crucial, since the loudness often has impact on
the perceived audio quality.

4.3 Formats
The choice of formats and their respective bit rates was plainly motivated by their usage on SoundCloud.
Considering the rather big bit rate difference, these tests might be seen as obscure and irrelevant, but with
Valin et al. showing results of Opus 64 kbps performing better than MP3 128 kbps in cascading performance,
it was deemed appropriate enough. Nevertheless, more bit rates could have been implemented to represent
each format in a broader sense, and even other formats could have been included as well. By doing so, more
expansive comparisons could have been done with the previous studies. Furthermore, regarding bit rates, it is
not known if SoundCloud uses or used VBR or CBR during encoding of MP3 and Opus respectively.
Information regarding this was searched for, but not found. VBR was chosen for Opus (being its default
operation mode) and CBR for MP3, since that is its original form. This might potentially have wrongly
represented SoundCloud’s audio quality. If SoundCloud does or used to do any additional processing is not
known either. If so, it would have been appropriate to apply this on the audio stimuli, to have the stimuli
sound as faithful to the SoundCloud audio as possible.

4.4 Equipment
Among the equipment being used, the choice of interface and headphones are the ones that arguably have
most impact on the actual listening experience. The MOTU Ultralite MK-3 and Sennheiser DT-990 Pro were
mostly chosen due to them being easily obtained from Luleå University of Technology, although they are also
highly regarded by critics and users alike. On the MOTU Ultralite MK-3, subjects were able to adjust the
playback volume to their own liking. This could have impacted the results in the way that music is perceived
differently depending on the loudness level of listening. Moreover, it is not known if subjects adjusted the
level mid-testing – something that would have given them even more inequal conditions of listening. When it
comes to the choice of using headphones instead of loudspeakers, it was taken to rule out the room acoustics
factors, being that it is difficult taking into account how the room affects the audio material. As for perceived
audio quality by listeners, the perception often becomes highly attached to the actual room of listening, but
with headphones, the listening experience basically stays the same in all kinds of environments.
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Certainly, the kind of headphones, and external noise such as environment sounds, are factors to consider, but
these are often easier to control than the acoustics of a room. However, it should be mentioned that
headphones are severely inferior to loudspeakers when it comes to bass reproduction, which is a frequency
area that can get lost in lossy encoded audio. Other aspects such as spatiality are also different in headphones
compared to loudspeakers, with loudspeakers for instance having crossfeed, and headphones often perceived
to have wider stereo width. The majority of the subjects more frequently used loudspeakers according to the
questionnaire though, which might have been disadvantageous when it comes to them spotting format
impairments, assuming they were more unfamiliar to music listening in headphones.

4.5 Listening Test
The choice of using the ITU-R BS.1116 method for the listening test was taken since it was used by Valin et
al, and it was also considered appropriate being that the test dealt with small audio impairments. After the prestudy, the decision of excluding the known reference was made due to it being referred to as “distracting”,
which might have had an impact on the results. No consideration was taken into that the known reference is a
fundamental part of the ITU-R BS.1116 methodology, and the exclusion was thought of as an element of
convenience for the subjects in the actual test. With subjects not knowing what the actual reference sounded
like, it is probable that the ability of determining reference was dependent on their listening experience. The
determination could also have been motivated by preference, having the reference be the one they thought
sounded the best. This might explain why the WAV-version was rated differently on the same song when
compared to MP3 and Opus respectively, although this could of course be the case when having the reference
shown. Even though differences between the formats were small according to the results, a known reference
might still have generated another results. Having a MUSHRA test instead of ITU-R BS.1116 was also in
consideration. With MUSHRA allowing for more formats/bitrates in each trial, subjects might have more
easily determined differences, having more alternatives to compare with. Also, by having the anchors
implemented in MUSHRA-tests, a way of comparing the scores between different subjects would have been
provided. The scale of 1-100 could also have brought more detailed data, although possibly making it more
complicated for subjects to grade the stimuli, with more scale steps to consider. However, MUSHRA is
intended for use on material of moderate quality differences, as opposed to ITU-R BS.1116, which is designed
for small quality differences. This made the latter one the more suitable assessment method for this study,
since the differences in quality between the used formats were relatively small.

4.6 Attributes
The implementation of EBU document Tech 3286-E attributes as for what subjects were instructed to listen
for was motivated by it being professional and standardized. With a lot of the previous works focusing on
lossy encoding artifacts, maybe the excluding of these in the instructions was missed potential. Although the
EBU document Tech 3286-E attributes touches on aspects which are fundamentally similar to some of the
acknowledged artifacts, mentioning the actual artifacts in the instructions could have been more concise. This
could also have been appropriate for the sake comparison with earlier studies, such as the ones made by Pras
et al. (2009), where artifacts were assessed. Rating of individual attributes were considered as well, although
this was idea was discarded, being deemed too hard and complicated. On the other hand, it could possibly
have made assessment of the formats easier and would also have brought more detailed information on how
the subject’s perceptions were affected by the encoding.
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Regarding the chosen attributes within the EBU document Tech 3286-E, they are the same as the ones used by
Tovedal (2017). This decision was made to allow for comparison between results, but when the data
collection was completed, it was realized that the results are not really comparable since the Tovedal used
filtered audio files.

4.7 Subjects
Having trained listeners was motivated by it being recommended in the ITU-R BS.1116-1 standard. The
subject pool in this study was consisting of only audio engineering students from Luleå University of
Technology, and although these could reasonably be considered trained listeners, little was known about their
actual audio backgrounds. Being that the time for how long each subject had studied audio engineering
differed, they might have varying degrees of experience. In the questionnaire, no questions regarding
experience were asked, something that could have been implemented to establish connections between
subjects and results. However, answers on the questions about listening preferences could be set against the
results to indicate why subjects gave the formats their scores. Individual subject data were never connected to
their respective questionnaires though, which might be seen as unfortunate, since it could have given an
explanation as to why certain subjects gave their respective scores. Since the study dealt with music on
SoundCloud, preference of streaming service could also have been asked for. Knowing how many frequently
using SoundCloud could have brought the results further validity.
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5. Summary
5.1 Conclusion
This study tested MP3 at 128 kbps against Opus at 64 kbps in music encoded comparisons to uncompressed
WAV format at 24 bit, 44.1 kHz. Results showed MP3 outperforming Opus for all song scores combined as
well as in the song 8 Out Of 10, and WAV outperformed MP3 in the song Without You. For the rest of each
separate songs, no statistical significance was found, indicating that subjects could not hear the difference in
these comparisons. All in all, this study can be used to show what impact the SoundCloud format and bit rate
change had on perceptual quality in popular music.
5.2 Future Work
To expand on the work done in this study, there are several areas that allows for further exploring. More
formats, bit rates and stimuli examples can be examined to gain a more nuanced perspective on perceptual
quality in lossy compressed formats, for instance ones used in other streaming services, continuing on the
same research course. A larger subject pool can also be used, possibly with varying audio experience, to
achieve a larger level of granularity in the results. Test methods might be changed, proposedly to MUSHRA
tests, and different playback equipment can be also used to more broadly represent peoples listening
circumstances.
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Appendices
Appendix A – Listening Test Instructions

Instructions – English
Judge perceptible impairment between A and B. One of these is a reference which should be rated 5.0.
Rate the impairment on the scale:
5.0 - Imperceptible
4.0 - Perceptible, but not annoying
3.0 - Slightly annoying
2.0 - Annoying
1.0 - Very annoying
__________________________________________________________________________________
Attributes to consider when assessing audio quality:
Sound balance
The individual sound sources appear to be properly balanced in the
general sound image.
Timbre
Accurate portrayal of the different sound characteristics of the
sound sources.
Stereo impression
The sound image appears to have the correct and appropriate
directional distribution of sound sources

Freedom from noise and distortions
Absence of various disturbing phenomena such as electrical noise, acoustical noise, bit errors, distortions, etc.
________________________________________________________________________________________
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Instruktioner – Svenska
Bedöm märkbar försämring mellan A och B. En av dessa är referens och ska betygsättas med 5.0.
Betygsätt enligt skalan:
5.0 - Imperceptible - Omärkbar
4.0 - Perceptible, but not annoying - Märkbar, men inte störande
3.0 - Slightly annoying - Något störande
2.0 - Annoying - Störande
1.0 - Very annoying - Väldigt störande
__________________________________________________________________________________
Attribut att beakta för bedömning av ljudkvalitet:

Ljudbalans
De individuella ljudkällorna upplevs vara lämpligt balanserade i ljudbilden.

Klangfärg
Sann porträttering av ljudkällornas karaktäristik.
Stereointryck
Ljudbilden upplevs ha en korrekt och lämplig riktningsdistribution av ljudkällorna.

Frihet från störning och distorsion
Frånvaro av diverse störande fenomen som elektriska störningar, akustiska störningar, bitfel, distorsioner, etc.
________________________________________________________________________________________
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Appendix B - Questionnaire

Frågeformulär - Svenska
Din medverkan i studien är helt anonym.

1. Har du någon form av hörselnedsättning?
Ja, medicinskt diagnostiserad
Ja, icke diagnostiserad
Nej
2. Om ja, vilken slags hörselnedsättning? (ex. nervfel, tinnitus, generell försvagning etc.)

3. I vilket format konsumerar du oftast musik? (Endast ETT alternativ)
Vinylskiva
CD
Radio
Streamingtjänster

4. Vilken utrustning använder du oftast för att lyssna på musik? (Endast ETT alternativ)
Vinylspelare
CD-spelare
Radio
Dator
Mobiltelefon

5. Använder du oftast hörlurar eller högtalare för att lyssna på musik? (Endast ETT alternativ)
Hörlurar
Högtalare
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Questionnaire - English
Your participation in this study is completely anonymous.

1. Do you have any form of hearing impairment?
Yes, medically diagnosed
Yes, not diagnosed
No
2. If yes, what kind of impairment? (general weakening, tinnitus, nerve damage, infection etc.)

3. In which format do you primarily consume music? (ONE option only)
Vinyl
CD
Radio
Streaming services

4. Which equipment do you most commonly use to listen to music? (ONE option only)
Vinyl player
CD player
Radio
Computer
Mobile telephone

5. Do you more commonly use speakers or headphones to listen to music? (ONE option only)
Headphones
Loudspeakers
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Appendix C - Music Information
Information retrieved from AllMusic (2019).
Song 1
Avicii – Without You
Album: Avīci (01)
Written by Alessandro Cavazza, Carl Falk, Dhani Lennevald, Salem Al Fakir, Tim Bergling, Vincent Pontare
Produced by Carl Falk, Tim Bergling
Label: Geffen
Released: 2017
Genre: Electronic
Song 2
Foo Fighters – The Sky Is The Neighbourhood
Album: Concrete & Gold
Written by Dave Grohl, Taylor Hawkins, Nate Mendel, Pat Smear, Chris Shiflett
Produced by Greg Kurstin
Label: RCA
Released: 2017
Genre: Rock
Song 3
Drake – 8 Out Of 10
Album: Scorpion
Written by Aubrey Graham, Matthew Samuels, Jahaan Sweet, Matthew O'Brien, Abrim Tilmon, Leon Ware,
Arthur Ross
Produced by Boi-1da, Sweet, OB
Label: OVO Sound
Released: 2018
Genre: Hip Hop
Song 4
Pharrell – Gust of Wind
Album: G I R L
Composed by Thomas Bangalter, Guy-Manuel de Homem-Christo, Pharrell Williams
Produced by Pharrell Williams, Daft Punk
Label: Columbia
Released: 2014
Genre: Pop

28

