The Effects of MP3 Compression on Emotional Characteristics
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ABSTRACT

Previous research has shown that MP3 compression changes
the similarities of musical instruments, while other research
has shown that musical instrument sounds have strong emo-
tional characteristics. This paper investigates the effect
of MP3 compression on music emotion. We conducted
listening tests to compare the effect of MP3 compression
on the emotional characteristics of eight sustained instru-
ment sounds. We compared the compressed sounds pair-
wise over ten emotional categories. The results show that
MP3 compression strengthened the emotional characteris-
tics Sad, Scary, Shy, and Mysterious, and weakened Happy,
Heroic, Romantic, Comic, and Calm. Interestingly, Angry
was relatively unaffected by MP3 compression.

1. INTRODUCTION

Though most listeners know that extreme MP3 compres-
sion degrades audio quality, many are willing to compro-
mise quality for convenience. This is reflected to the cur-
rent portable music consumption trend where consumers
are using internet music streaming services more frequently
than buying CDs or downloads [1]. Major streaming ser-
vices use MP3 compression.

As previous research has shown that musical instrument
sounds have strong and distinctive emotional characteris-
tics [2, 3, 4, 5, 6], it would be interesting to know how
MP3 compression affects the emotional characteristics of
musical instruments. In particular, we will address the fol-
lowing questions: What are the emotional effects of MP3
compression? Do all emotional characteristics decrease
about equally with more compression? Which emotional
characteristics increase or decrease with more compres-
sion? Which emotional characteristics are unaffected by
more compression? Which instruments change the most
and least with more compression?
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2. BACKGROUND
2.1 MP3 Compression

MP3 compression reduces the size of audio files by dis-
carding less audible parts of the sound. When an instru-
ment sound is encoded using an MP3 codec, due to the
lossy nature of MP3 compression, the sound is altered. The
perceptual quality of lossy compression is a longstanding
subject of digital audio research. Zwicker found a number
of characteristics of the human auditory system including
simultaneous masking and temporal masking formed a part
of the psychoacoustic model of MP3 encoders [7]. Van de
Par and Kohlrausch proposed a number of methods to eval-
uate different audio compression codecs [8].

Various studies have investigated the perceptual artifacts
generated by low bit rate audio codecs. Erne produced
a CD-ROM that demonstrates some of the most common
coding artifacts in low bit rate codecs. They explained and
presented audio examples for each of the coding artifacts
separately using different degrees of distortion [9]. Chang
et al. constructed models of the audible artifacts gener-
ated by temporal noise shaping and spectral band replica-
tion, which are far more difficult to model using existing
encoding systems [10]. Marins carried out a series of ex-
periments aiming to identify the salient dimensions of the
perceptual artifacts generated by low bit rate spatial audio
codecs [11].

Previous studies have also subjectively evaluated the per-
ceptual quality loss in MP3 compression [12, 13, 14, 15].
A recent study evaluated the discrimination of musical in-
strument tones after MP3 compression using various bit
rates [16]. A following study [17] compared dissimilar-
ity scores for instrument tone pairs after MP3 compression
to determine whether instrument tones sound more or less
similar after MP3 compression, and found that MP3 can
change the timbre of musical instruments.

2.2 Music Emotion and Timbre

Researchers have considered music emotion and timbre to-
gether in a number of studies, which are well-summarized
in [6].
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3. METHODOLOGY
3.1 Overview

We conducted listening tests to compare pairs of origi-
nal and compressed instrument sounds over different emo-
tional categories. Paired comparisons were chosen for sim-
plicity. This section gives further details about the listening
test.

3.2 Listening Test

We used eight sustained instrument sounds: bassoon (bs),
clarinet (cl), flute (fl), horn (hn), oboe (ob), saxophone
(sx), trumpet (tp), and violin (vn). The sustained instru-
ments are nearly harmonic, and the chosen sounds had fun-
damental frequencies close to Eb4 (311.1 Hz). All eight
instrument sounds were also used by a number of other
timbre studies [16, 17, 18, 19, 20, 21, 22, 23, 24]. Using
the same samples makes it easier to compare results.
Compressed sounds were encoded and decoded using the
LAME MP3 encoder [25]. Instrument sounds were com-

pressed with three different bit rates (32, 56, and 112 Kbps).

These three bit rates gave near-perfect (for 32 Kbps), in-
termediate (for 56 Kbps), and near-random discrimination
(for 112 Kbps) in a previous discrimination study of these
MP3-compressed musical instrument sounds [16].

The subjects compared the stimuli in terms of ten emo-
tional categories: Happy, Heroic, Romantic, Comic, Calm,
Mysterious, Shy, Angry, Scary, and Sad. We carefully
picked the emotional categories based on terms we felt
composers were likely to write as expression marks for
performers (e.g., mysteriously, shyly, etc.) and at the same
time would be readily understood by lay people. The sub-
jects were provided with an instruction sheet containing
definitions of the ten emotional categories from the Cam-
bridge Academic Content Dictionary [26]. Every subject
made paired comparisons between the sounds.

The test asked listeners to compare four types of com-
pressed sounds for each instrument over ten emotion cate-
gories. During each trial, subjects heard a pair of sounds
from the same instrument with different types of compres-
sion (no compression, 112Kbps, 54Kbps, and 32Kbps) and
were prompted to choose which sounded stronger for given
emotional characteristics. This method was chosen for sim-
plicity of comparison, since subjects only needed to re-
member two sounds for each comparison and make a bi-
nary decision. This required minimal memory from the
subjects, and allowed them to give more instantaneous re-
sponses [19, 4, 27].

Each combination of two different compressions was pre-
sented for each instrument and emotion category, and the
listening test totaled Py x 8 x 10 = 960 trials. For each in-
strument, the overall trial presentation order was random-
ized (i.e., all combinations of compressed bassoon sounds
were in a random order, then all the clarinet comparisons,
etc.). However, the emotional categories were presented in
order to avoid confusing and fatiguing the subjects. The
listening test took about 2 hours, with a short break of 5
minutes after every 30 minutes to help minimize listener
fatigue and maintain consistency.

4. RANKING RESULTS FOR THE EMOTIONAL
CHARACTERISTICS WITH DIFFERENT OF MP3
BIT RATES

We ranked the compressed sounds by the number of pos-
itive votes they received for each instrument and emotion,

and derived scale values using the Bradley-Terry-Luce (BTL)

statistical model [28, 29]. For each instrument-emotion
pair, the BTL scale values for the original and three com-
pressed sounds sum to 1. The BTL value for each sound
is the probability that listeners will choose that compres-
sion rate when considering a certain instrument and emo-
tion category. For example, if all four sounds (the original
and three compressed sounds) are judged equally happy,
the BTL scale values would be 1/4=0.25. We also de-
rived the corresponding 95% confidence intervals for the
compressed sounds using the method proposed by Bradley
[28].

Fig. 1 to 6 show the BTL values and corresponding 95%
confidence intervals for each emotional category. Based
on the data in Fig. 1 - 6, Table 1 shows the number of
instruments that were significantly different from the orig-
inal sound (i.e., the 95% confidence intervals of the origi-
nal and compressed sounds did not overlap) for each com-
pression rate and emotional category. The table shows that
there were relatively few differences for 112 and 56Kbps,
but most of the instruments were significantly different for
32Kbps in nearly every category. This agrees with the
results of Lee et al. [16], which found very good dis-
crimination between the original and compressed sounds
at 32Kbps, but poor discrimination at 56 and 112Kbps.

To help understand which instruments and emotional cat-
egories were most and least affected by MP3 compression,
Table 2 shows the number of compressed sounds that were
significantly different from the original sound for each in-
strument and emotional category. Based on the data, the
clarinet was the most affected instrument (closely followed
by the oboe and saxophone), while the horn was by far
the least affected instrument. Lee et al. [16] also found
the MP3-compressed horn relatively more difficult to dis-
criminate from the original compared to other instruments.
Among emotional categories in Table 2, Happy and Calm
were the most affected, and Angry was by far the least af-
fected.

Fig. 7 shows how often the original instruments sounds
were statistically significantly greater than the three com-
pressed sounds (This is different than the sum in the fi-
nal column of Table 2 which counts any significant dif-
ference - both those significantly greater and those signif-
icantly less). Positive values indicate an increase in the
emotional characteristics, and negative values a decrease.
Again, Happy and Calm were the most affected emotional
characteristics. Emotional categories with larger Valence
(e.g., Happy, Heroic, Romantic, Comic, Calm) tended to
decrease with more MP3 compression, while emotional
categories with smaller Valence (e.g., Sad, Scary, Shy, Mys-
terious) tended to increase with more MP3 compression.
As an exception, Angry was relatively unaffected by MP3
compression for the compression rates we tested.
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Figure 1. BTL scale values and the corresponding 95% confidence intervals for the emotional category Happy.
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Figure 2. BTL scale values and the corresponding 95% confidence intervals for Romantic.
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Figure 3. BTL scale values and the corresponding 95% confidence intervals for Calm.
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Figure 4. BTL scale values and the corresponding 95% confidence intervals for Mysterious.
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5. DISCUSSION

The goal of our work was to understand how emotional
characteristics of instruments vary with MP3 compression.
Based on the Table 2 and Figure 7, our main findings are
as follows:

1. Negative and neutral emotional characteristics (Sad,
Scary, Shy, and Mysterious) increased with more MP3
compression in the samples we tested (see Figure 7).

2. Positive emotional characteristics (Happy, Heroic,

Romantic, Comic, and Calm) decreased with more
MP3 compression in the samples we tested (see Fig-
ure 7).

3. Angry was relatively unaffected by MP3 compres-

sion for the rates we tested (see Figure 7).

4. MP3 compression affected some instruments more

and others less. The clarinet, oboe, and saxophone
were most affected, and the horn by far the least af-
fected (see Table 2).

As a possible explanation for these results, perhaps quan-
tization jitter introduced into the amplitude envelopes by
MP3 compression decreased positive emotional character-
istics such as Happy and Calm while increasing others such
as Mysterious by changing the quality of sounds to be some-
what different and unnatural. The above results demon-
strate how a categorical emotional model can give more
emotional nuance and detail than a 2D dimensional model
with only Valence and Arousal. For example, Scary and
Angry are very close to each one another in terms of Va-
lence and Arousal, yet Scary was significantly increased
with more compression while Angry was relatively unaf-
fected. The results suggest that they are distinctively dif-
ferent emotional characteristics.

Angry
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Figure 5. BTL scale values and the corresponding 95% confidence intervals for Angry.
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Figure 6. BTL scale values and the corresponding 95% confidence intervals for Sad.
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Emotional Category 112Kbps 56Kbps 32Kbps
Happy 1 3 8
Heroic 0 1 7

Romantic 1 0 6
Comic 0 2 5
Calm 2 2 8
Mysterious 0 2 6
Shy 1 0 8
Angry 1 0 1
Scary 0 2 7
Sad 0 1 8
Avg. 0.6 1.3 6.4

Table 1. The number of instruments that were significantly different from the original sound (i.e., the 95% confidence intervals of the original and
compressed sounds did not overlap) for each compression rate and emotional category

Emotional Category Bs Cl Fl Hn Ob Sx Tp Vn Total
Happy 2 3 1 1 2 1 1 1 12
Heroic 1 1 2 0 1 1 1 1 8

Romantic 1 1 1 0 1 1 1 1 7
Comic 1 1 1 1 1 1 1 1 8
Calm 1 2 1 1 2 3 1 1 12
Mysterious 1 0 1 0 2 1 1 1 7

Shy 1 1 1 1 1 2 1 1 9

Angry 0 1 0 0 0 0 0 0 1

Scary 1 1 1 0 1 1 2 1 8
Sad 1 2 1 1 1 1 1 1 9

Total 10 13 10 5 12 12 10 9

Table 2. The number of compressed sounds that were significantly different from the original sound (i.e., the 95% confidence intervals of the original and
compressed sounds did not overlap) for each instrument and emotional category.

15

10

-10

-15

Figure 7. The number of significant differences between the original and compressed sounds, where strengthened emotional categories are positive, and
weakened emotional categories are negative.
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