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Abstract

A method for paired-comparison evaluation of subjective 
sound quality has been implemented and tested in a listening 
experiment. The test procedure is intended for the rating of 
e.g. hearing instruments or any other audio-coding or audio-
presentation systems. We now present results from an 
experiment with 31 persons evaluating the fidelity of MP3-
compressed versions of music material. Bit-rates of  
192, 128, 96, and 64 kbit/s were used in comparison with the 
original CD version. Results are presented for three types of 
music material that were evaluated by 6-10 persons each. 

Two methods of data analysis are applied and compared; 
one non-parametric method yielding results only on a rank-
order scale, and one parametric method which places the 
tested systems on an interval scale defined by a Gaussian 
linear model. 

Results show that the paired-comparison procedure could 
clearly quantify the quality degradation at 64 kbit/s for the 
three of the music materials presented here, and at 96 kbit/s 
for two of them. The degradation at 192 and 128 kbit/s is very 
subtle, and many test subjects could not distinguish these 
versions from the original. The median difference, across 
persons, between the original and the 192 kbit/s version for 
the three music materials were only 0.18, 0,04, and 0,001 
units on the Gaussian linear scale. These differences mean 
that an average listener would prefer the original with a 
probability of about 55% or less, i.e. just slightly more than a 
random choice. 

1. Introduction 

Subjective quality evaluations are necessary in all 
applications of signal processing or signal coding systems that 
introduce some distortion. We have mainly evaluated signal 
processing algorithms for hearing aids, but subjective rating 
methods are also widely used in evaluations of speech coders 
for telecommunication (e.g. 1-5). 

Two psychophysical methods are commonly used: (1) 
categorical magnitude ratings, or (2) paired-comparison 
preference ratings (IEEE, 1969). Both procedures may include 
a set of reference items in addition to the items to be 
evaluated. This allows the subjective quality of the tested 
systems to be expressed in equivalent physical terms. 

In category rating procedures, the test subjects rate each 
presented test item on a discrete ordinal scale, labelled e.g. as 
“unsatisfactory”, “poor”, “fair”, “good”, “excellent”. Each of 
these categories are assigned a number, and the total average 
of all rating results is often expressed as a “Mean Opinion 
Score (MOS)”. This procedure is easy to apply if the systems 
under test have a rather wide quality range. 

In paired-comparison procedures, each presentation 
includes two test items, and the test subject indicates a binary 

or graded preference for one of the two items. This method 
can be applied even if the differences between tested systems 
are very small. In an evaluation of sound processing systems 
intended for hearing impaired listeners, Eisenberg et al (1997) 
concluded that both categorical ratings and paired comparisons 
of subjective speech clarity was highly correlated with 
physical estimates of speech intelligibility, both for normal 
hearing and hearing-impaired subjects. For hearing-impaired 
subjects, paired comparisons were more sensitive than 
categorical ratings, especially when the performance range 
was narrow. Using a wider range of test conditions and the 
simplest form of paired comparison, recording only binary 
preferences, Purdy & Pavlovic (1992) found that paired 
comparison of speech clarity was less reliable than magnitude 
estimation or category scaling. 

In this study we apply paired comparisons to evaluate the 
sound quality of MP3-compressed versions of music material. 
Five versions are evaluated: the original recording and 
compressed versions at 192, 128, 96, and 64 kbit/s. As the 
quality range is quite small across these stimulus classes, a 
categorical rating would probably give only “excellent” or 
“good” ratings. 

Each preference decision is graded in three categories, 
labelled “slightly better”, “better”, or “much better”. We 
analyse the results using two methods: (1) A simple preference 
score (win count) is calculated for each stimulus class as the 
relative frequency with which this class is preferred to any 
other class in a balanced round-robin comparison. This method 
uses only the binary preference decisions and disregards the 
graded responses. (2) A linear Gaussian model of the 
Thurstone-Mosteller type (Thurstone, 1927; Mosteller, 1951) 
is applied to the complete test data, including the graded 
difference responses. This model places the tested systems on 
an interval scale that has a precise statistical interpretation. 

Some paired-comparison studies using graded preference 
responses have assigned somewhat arbitrary numbers to the 
response categories and then computed weighted preference 
scores (e.g. Dillon, 1984; Hansen, 2002). For example, if 
system A is judged as “slightly better” than system B, the total 
A score is incremented by +1, and +3 is added if A is “much 
better”. We avoid this problem by estimating, for each person, 
quantization intervals for the categorical difference ratings, 
using on the quality scale defined by the linear Gaussian 
model (Edwards & Thurstone, 1952). 

The purpose of this experiment was (1) to show that it is 
rather easy to use paired comparisons to quantify even very 
small quality degradations, (2) to compare data-analysis 
methods, and (3) to present well-defined quantitative measures 
of the subjective quality degradations caused by MP3 coding.  
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2. Methods 

2.1. Data collection

The sound presentations and collection of listener
judgments are randomized and double-blind, controlled by an
automatic computer program.

Figure 1: User interface for the computer program for
the paired comparison test. The main question is
“Which sounds best? ”. The magnitude ratings of 
difference are from top to bottom: ”much better”,
“better”, and “slightly better”. The buttons to the right
say “Repeat” and “Next”.

Presentations and judgments are accompanied by a visual
interface (see Figure 1). The listener is required to respond 
which of the two stimuli “sounds best” by clicking on one of
the two buttons, and then rates the magnitude of the quality
difference by clicking on one of three additional buttons,
representing “slightly better”, “better”, or “much better”. 

Presentations were repeated 6 or 10 times for each pair of 
sound classes. If all decisions were the same for the first 6 
replications of a particular pair, no further examples of this 
pair were presented. In the present MP3 experiment with N=5
coding systems to be evaluated, each system was compared to
each of the other systems. Thus a complete session with one 
type of music material comprised at least

60216 NN pair presentations and sometimes up to 

100 presentations for each test subject. 
The test persons listened through Sennheiser HD 414 SL 

headphones at preferred levels. Opportunity to repeat
presentations of stimulus pairs was given, but this was seldom 
used.

2.2. Data analysis

2.2.1. Preference score (Win Count)

In the simplest method we count how many times, e.g.
proportion of times, the listener judged each sound class as
superior to any other class. This method does not make any
use of the rated magnitude of the difference between samples
in each pair.

2.2.2. Linear Gaussian model 

In this method we assume that the perceptual quality of
each sound presentation is an outcome of a Gaussian
(normally distributed) random variable X with mean i  and 

variance 1, whenever a sample of stimulus class  is 

presented. This model places the sound classes on an interval

scale, because the quality parameters

iS

N...1  have a well-

defined probabilistic interpretation, as follows: 
We assume that each paired-comparison decision is 

determined by the outcome of two independent random
variables 21, XX  with Gausssian distributions with variance

1 and conditional means ji ,  , whenever the stimulus pair

ji SS ,  is presented. The probability that sound examples 

from a class  is preferred, in comparison to , is 

therefore
iS jS

2jiijp

Here  is the cumulative distribution function of the 

normed Gaussian distribution. Allowing M different 
categories of the difference-magnitude response, we assume
that the listener´s response is “first sound is better” with
difference magnitude rating m, whenever the decision variable

2X1XY  falls in the m-th rating interval, mm yYy 1 .

The response is “second sound is better” with magnitude 
rating m, whenever 1mm yYy . With M possible 

difference ratings this model includes 1M  additional 
unknown parameters , as we define11... Myy 00y , and

My . The probability that class  is preferred with

difference magnitude rating m, in a comparison to , is

therefore

iS

jS

221 mjimjiijm yyp

We estimate numerical values , and ,

for all the
Nˆ...ˆ1 11 ˆ...ˆ Myy

1MN

0

 unknown parameters in the model, 
based on all the collected response data from each session, 
with one test person, using a Maximum A-posteriori 
Probability (MAP) estimation criterion. The MAP criterion is
similar to Maximum Likelihood estimation. However, to
prevent estimated parameters from approaching infinity in
case of extreme judgment statistics, we assume independent a

priori Gaussian probability densities with mean 0 and 
standard deviation 3  for each of the N...1  parameters.

The zero point on the  scale is arbitrary, but this a priori
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distribution forces the estimated parameters to satisfy the
relation

N

i

i

1

0ˆ

The maximization problem is solved using the function 
fminunc in the MatLab Optimization Toolbox. For the present 
application the original sound was designated as class .

Therefore, we redefine the zero point so that  in all

result presentations.

1S

0ˆ1

2.3. Sound materials

Seven types of music material were selected to represent
various music styles: jazz/pop, hip-hop, a classical flute 
concert, opera, classical orchestra music, and a cembalo
concert. The material was MP3-compressed to versions with 
192, 128, 96, and 64 kbit/s using a program “Simple MP3
Maker” v. 4.5, in MPEG-1 default fast mode. Ten different
samples were prepared for each material and each bitrate.
Each sample had a duration of about 6 s.

2.4. Test subjects

Evaluation data were produced by 31 Engineering
students, aged 21-38 years, with no history of ear disease. 
These students had some previous experience with listening
tests, but they were not specifically trained in sound quality
evaluations. Most subjects evaluated only one type of music 
material, and 33 paired-comparison sessions were completed. 
The subjects made their own choice of music material, and
they had the opportunity to listen to samples with different
bitrates before starting the test. The most frequent choice, a
jazz/pop recording was evaluated by 10 persons. 

3. Results 

3.1. Comparisons between analysis methods. 

Results in this section are derived from the 10 persons 
who evaluated the most frequently chosen music material, a
“jazz/pop” recording (“Undantag” by Bo Kaspers Orkester).
Summarized results from the two analysis methods are found 
in figure 2.

On the Linear Gaussian Interval Scale the original was
0.18 units better than the 192 kbit/s version. This difference
means that an average listener would prefer the original with a
probability of about 55%, i.e. just slightly more than a random 
choice.
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Figure 2: Percentage Win Counts (top), and -scores
(bottom left) for original and four MP3-coded versions 
of the sound material “jazz/pop”, and magnitude rating
limits (bottom right) for “better” (y1) and “much
better” (y2). Medians, 25th and 75th percentiles are
shown in boxes for N=10 subjects. 

An individual data plot of percentage Win Counts and -
scores is found in fig 3.
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Figure 3: Percentage Win Counts vs -scores from 
linear Gaussian model for original and four MP3-
coded versions of the sound material “jazz/pop”. N=10
subjects.

Ranked orders for the original and the four MP3-coded 
versions, calculated using the Win Count and the Linear
Gaussian model, for each of the 10 persons are shown in
Table 1.
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S1 S2 S3 S4 S5
W G W G W G W G W G

original 1 1 1 1 1 1 1 1 2 3
192 2 2 2 2 2 2 1 2 2 1
128 3 3 3 3 3 3 3 3 1 2
96 4 4 4 4 4 4 4 4 4 4
64 5 5 5 5 5 5 5 5 5 5

S6 S7 S8 S9 S10
W G W G W G W G W G

original 1 1 2 1 2 1 1 2 1 1
192 2 2 1 2 3 3 2 1 2 2
128 3 3 3 3 1 2 3 3 3 3
96 4 4 4 4 4 4 4 4 4 4
64 5 5 5 5 5 5 5 5 5 5

Table 1: Rank orders for original and four MP3-coded
versions of the sound material “jazz/pop” based on
Win Counts (W), and Linear Gaussian model (G). S1 
to S10 indicate test persons. 

For 5 of the 10 persons, the ranked order for the tested
systems was identical for the two analysis methods. All the 
differences were found between the three highest ranked
systems. “Correct” ranking was found for 6 subjects using the 
Win Count method, and for 7 subjects using the Linear
Gaussian model.

The Win Count ranked the original as superior to the 192
kbit/s version for 7 of the 10 test persons, whereas 2 were ties.
The Linear Gaussian model ranked the original superior to the
192 kbit/s version for 8 of the 10 persons.

Table 2 shows in which rating categories the individual -
values fall, when comparing each of the original and four
MP3-coded versions of the sound material “jazz/pop” with
each other.  Results are derived from the median across
subjects of the individually obtained rating categories. Thus, 
the median rated difference between the original and 64 kbit/s
version was falls into the category “much better”. The 
difference between the original and 96 kbit/s version was 
categorized as “better”, whereas median difference between
the original and 128 and 192 kbit/s were categorized as 
“slightly better”.

. 192 128 96 64

original 1 1 2 3

192 - 1 2 3

128 - 1.5 3

96 - 2

Table 2: Median of rated difference magnitudes 
(1=slightly better, 2=better, 3=much better) by 10
persons in comparisons between each of the original
and four MP3-coded versions of the sound material 
“jazz/pop”.

3.2. Comparisons between test materials.

Results from the tests using the music materials “flute
concert” and “hip-hop” are shown in Figures 4 and 5, using 
the same format as in figure 2.
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Figure 4: Percentage Win Counts (top), and -scores
(bottom left) for original and four MP3-coded versions 
of the sound material “flute concert”, and magnitude
rating limits (bottom right) for “better” (y1) and
“much better” (y2). Medians, 25th and 75th percentiles
are shown in boxes for N=6 subjects.
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Figure 5: Percentage Win Counts (top), and -scores
(bottom left) for original and four MP3-coded versions 
of the sound material “hip-hop”, and magnitude rating
limits (bottom right) for “better” (y1) and “much
better” (y2). Medians, 25th and 75th percentiles are
shown in boxes for N=7 subjects.
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Obviously, the sound material “jazz/pop” (Figure 2) was 
more sensitive to the MP3-coding than the materials “flute
concert” and “hip-hop”. The median difference across
persons, between the original and the 128 kbit/s version for 
the three music materials were 0.63, 0,04, and 0,05 units on
the Gaussian linear scale. These differences mean that an
average listener would prefer the original with a probability of 
about 67% for “jazz/pop” compared to 51% for the other two,
i.e. just slightly more than a random choice.

3.3. Comparisons between subjects 

Two examples of individual test results from subjects
with different “discrimination ability” on the sound material
“jazz/pop” are shown in Figure 6. These examples are chosen
to represent two of the most extreme results for this material
among the 10 test persons.
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Figure 6: Individual scores for subject #10 (top), and
subject #5 (bottom). -scores for original and four
MP3-coded versions of the sound material “jazz/pop” 
are shown as dots. Difference-magnitude rating limits
for “slightly better”, “better” and “much better” are 
shown to the right.

For example, the difference between the original and the
96 kbit/s version for the two subjects were 2.35, and 0,09
units on the Gaussian linear scale. These differences mean
that one of the listeners in Figure 6 would prefer the original
with a probability of about 95%, whereas this probability
would be 53% for the other listener for the same sound

material. The differences fall in the individually obtained 
quality rating intervals “much better” and “slightly” better. To
examine inter-individual differences like this, the linear
Gaussian model offers more possibilities than the Win Count
method.

4. Discussion

There were no major differences found regarding rank
orders for the systems, when analysis was performed by the 
linear Gaussian model or the simpler Preference Scoring (Win
Count) method. However, the linear Gaussian model shows a
potential, not fully explored here, to be used for statistical
analysis of differences between systems or subjects, and
relating these differences to subjective categorical scales.

Stern (1992) found that many variants of linear models for 
the analysis of paired comparison data, including the Bradley-
Terry model (Bradley & Terry, 1952) and the Gaussian 
model, gave very similar fits to a variety of data. We 
preferred the Gaussian model mainly because the parameters
of this model are conceptually very easy to interpret. We have
given some examples to illustrate that the estimated quality
parameters can also be easily related to the individual use of 
word labels to describe difference magnitudes between tested 
systems.

Steele et al (2001), made an experiment, similar to ours, 
using paired comparison with categorical ratings for
evaluating the degradation of quality due to MP3-coding at
different bitrates. The point of subjective equality was found
to be 100 kbit/s for a recording from “West Side Story”. They
also found no fatigue effects within the test, which consisted
of 56-84 judgments (a size similar to that of the current
study).

The computer program controlling the presentations, as
well as the Matlab routines for data analysis, can be obtained
from the authors at no cost.

5. Conclusions 

Results show that the paired-comparison procedure
clearly could quantify even small quality degradations.

There were no big differences found regarding rank
orders for the systems, when analysis was performed by the 
linear Gaussian model or the simpler Preference Scoring (Win
Count) method. 

The linear Gaussian model is found to be useful for
analysis of differences between systems or subjects, and to
relate these differences to categorical scales.

As expected, results vary between sound materials, as
well as between test persons. In this study, the highest bitrate 
for which the MP3-coded version could be discriminated from
the original was found in the range 96-128 kbit/s.
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