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Abstract 
 
Product specifications that include descriptors of sound qualities are most helpful when a 
description contains adequate detail and utilises understandable wording. Good specifications 
require that any descriptions used are familiar to users and that these descriptions are 
interpretable as acoustical quantities. The objectives of the studies reported upon in this thesis 
were to investigate how musicians use verbal descriptions of musical sounds and to interpret 
the descriptions in terms of some commonly used acoustical quantities. Interviews were made 
with saxophone players and the results were analysed with respect to how frequently different 
words were used. The most frequently used words were evaluated through listening tests 
using binaurally recorded test sounds of two saxophone players playing on two saxophones of 
different brands. Two groups of subjects participated in the listening tests, saxophone players 
and non-saxophone players. The subjects were asked to judge how well words selected from 
the interviews described the timbre of the test sounds. Data from the listening tests was 
analysed to examine how 3 factors: musician, saxophone, and type of listener influenced 
subject judgements. Principal Component Analysis (PCA) was used to find the most 
significant perceptual dimensions for the test sounds. Results from factorial analysis of 
variance and PCA were used to select the most appropriate verbal descriptions that best 
described significant perceptual dimensions. A small set of words (9 words) suitable for 
describing the variations in the analysed sounds was developed. To interpret the perceptual 
dimensions in terms of physically measurable indices, a number of acoustical quantities were 
added one by one to the set of perceptual variables. PCA of these extended data sets, resulted 
in a suggestion as to how the perceptual dimensions could be defined in terms of acoustical 
quantities. The procedure resulted in two significant perceptual dimensions being developed 
and described. A bipolar scale was used to describe Dimension 1 where items on the scale 
ranged from sharp/keen/rough to soft/warm/full-toned. Dimension 2 was described by a 
unipolar scale using the term E-like. The acoustical quantities sharpness, tonality, loudness, 
specific roughness (5-6 Bark and 21-22 Bark) and specific loudness (8-14 Bark) correlated 
with sharp/keen/rough. Roughness and specific roughness (13-14 Bark and 20-21 Bark) 
correlated with soft/warm/full-toned. Specific loudness (10-11 Bark ) correlated negatively 
with E-like/large and specific loudness (9-10 Bark) and specific roughness (7-9 Bark) 
correlated positively with E-like/large. These findings demonstrate that it is possible to 
subjectively describe sound quality and to relate acoustical quantities to the descriptions. This 
suggests that it is practical to develop sound description terminology useful for work such as 
preparation of specifications and subsequent product standardisation. 
 
 
Keywords: Acoustics, Sound, Sound Quality, Sound Design, Perception, Requirement 
Specifications. 
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1 Introduction 

1.1 Background 
The modern development process for a new product commonly starts with the writing of a 
requirement specification [1]. For a product that generates sound as part of its function (or 
during use), it is prudent to include descriptors of sound properties in the specification [2]. 
Keiper has stated that: “Sound quality evaluation of a product begins at the design 
specification stage, preferably by obtaining the customers’ opinion about character and 
quality of the planned product’s operating noise” [3]. He continues by writing “At the product 
specification stage, where prototypes of the new product do not exist, decisions on target 
sounds have to be based on existing older, comparable products (including the competitors’), 
and possibly on sound simulations”. This indicates that it is necessary to have examples of 
good sound to be able to start the sound design process. If we assume that we have an 
example of good sound for a given application, we will need tools for finding the 
distinguishing features of this sound. Bodden [4] suggests some useful tools for this task; 
aurally-adequate signal presentation, psychoacoustic indices and combined indices (e.g. 
Annoyance Index and Sensory Pleasantness). With this kind of tools, it will be possible to 
identify aurally adequate properties of the sound example, but they will not tell which of the 
audible properties are important for the perceived character of the sound. When a new product 
is to be designed, it is in most cases not supposed to be a copy of an existing product. Neither 
is the sound of the product supposed to be a copy of the sound of some other products. 
Therefore, tools for finding the characteristics of sound are needed. A characteristic is 
something that distinguishes something from other things. Therefore it is impossible to 
examine characteristics without comparing things. Guski [5] has proposed that the assessment 
of acoustic information should be made in two steps: 1. Content analysis of free descriptions 
of the sound and 2. Unidimensional psychophysics. This process requires that different 
sounds are analysed. In the first step, the aim is to establish a language suitable for describing 
the characteristics of the chosen sounds. In this thesis, studies of methods for finding 
prominent perceptual and acoustical characteristics of sound are presented. The methods are 
based on comparison of a small number of sound examples. 
 

1.2 Objectives 
The work has been restricted to the saxophone; a representative example of a sound producing 
product. To get different sound examples, two factors have been varied: the musician playing 
on the saxophone and the saxophone. Two different musicians and two alto saxophones of 
different brands were used. The objectives of the work were: 

 
1. To find words commonly used by saxophone players to describe the timbre of the 

saxophone. 
2. To investigate which of the words are useful for describing differences between a 

limited number of examples of saxophone sound. 
3. To find the significant perceptual dimensions in the data. 
4. To find suitable words to describe the significant perceptual dimensions. 
5. To investigate how the descriptions can be interpreted in terms of acoustical 

quantities. 
 
Objective 1 is handled in paper A and B, objectives 2-4 are handled in paper B, and objective 
5 in paper C. 
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1.3 Limitations 
The intention of the studies is not to find a complete language for description of saxophone 
sound. The verbal descriptions, the perceptual dimensions and the acoustical characteristics 
found in the study are selected for describing differences caused by alternation between the 
two musicians and the two saxophones. If the sound examples are representative for a larger 
group of sounds, the resulting perceptual dimensions and verbal descriptions could be useful 
for this larger group, but this has not been verified. The described methods could be useful for 
finding perceptual and acoustical characteristics of any limited number of sound examples. 
 

2 Method 
 
The procedure of the work is presented in figure 1. Steps 1 to 4 are presented in detail in 
paper B and steps 5 and 6 in paper C. 
 

 
 

Figure 1 Flowchart describing the procedure of the studies. 
 

2.1 Interviews 
Ten Swedish-speaking saxophone players were asked which words they use to describe the 
timbre of the saxophone. The interviews were made under six different conditions: 
 

1. Interviews 
Selection of descriptors for listening tests 

2. Listening tests 
Judgements of sound quality in terms of the 

selected descriptors 

3. Identification of descriptors affected by 
musician and /or saxophone 

4. Identification of perceptual dimensions 

5. Examination of acoustical properties of 
the extreme sounds in the perceptual 

dimensions 

6. Placing of acoustical quantities in the 
perceptual space 
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1. Subjects were asked individually which adjectives they use to describe the timbre of 
the saxophone, without playing or listening to any examples. 

2. Each respondent was asked to pick the most convenient adjectives they use to describe 
the timbre of the saxophone from a list, without playing or listening to any examples. 
The adjectives in the list had been selected from scientific papers dealing with the 
timbre of musical instruments [6, 7, 8, 9, 10, 11]. 

3. Different recordings of saxophone solos were played individually to the respondents, 
who were then asked to describe the timbre in their own words. 

4. Different synthetic saxophone sounds were played to the respondents, who were then 
asked to describe the timbre in their own words. 

5. Each respondent was asked to describe the timbre they prefer to have when playing in 
their own words. 

6. Respondents were asked to play different saxophones and describe the timbre of each. 
 
The most frequently used words were selected for further analysis in listening tests. 
 

2.2 Listening tests 
Two groups of subjects participated in the listening tests, saxophone players and non-
saxophone players. The subjects in the non-saxophone player group were experienced 
listeners, either musicians playing other instruments or acousticians. The sound stimuli were 
created by binaural recording of two different saxophone players, each playing on two alto 
saxophones of different brands, giving four possible combinations. The stimuli were 
presented in two ways: 
 

• As a 7 second long part of a melody, see Figure 2. The subjects were asked to estimate 
the timbre of a specific note (Ab4, f=415 Hz) in the centre of the melody. 

 
 
 

 
Figure 2 The melody played in the listening tests (arranged for Eb-alto saxophone) 

 
 
 

• As a 0.5 second long cut from one single note, Ab4, f=415 Hz. The cut was placed so 
that both the attack and the decay were removed. Instead, the tone was ramped up and 
down with a ramp-up and down time of 0.075 s. 

 
The purpose of presenting the stimuli in these ways was to test if a cut from a single note 
gives results comparable to stimuli presented in their correct contexts. If the results are 
comparable, it is an advantage to use shorter stimuli, to avoid influence of parts outside the 
examined region. 
 
The subjects were asked to judge how well the timbre of each sound was described by the 
descriptors selected in the interview phase. They were also asked to judge the overall 

Judged note 
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impression of the timbre. The judgements of the perceptual qualities were made on 11 point 
scales, ranging from “not at all” (=0) to “extremely” (=10), except for the estimation of the 
overall impression, which was made on an 11 point bi-polar scale ranging from “extremely 
bad” (=-5) to “extremely good” (=+5). 
 
 

2.3 Identification of descriptors affected by musician and/or 
saxophone 

Analysis of Variance (ANOVA) [12] was used to examine how three factors, musician, 
saxophone and type of listener affected the judgements of the descriptors in the listening tests. 
The ANOVA was made for data based on melody-stimuli and tone-stimuli separately, to 
enable comparison of the two kinds of stimuli. 
 
 

2.4 Identification of perceptual dimensions 
Principal Component Analysis (PCA) [13] was used to search for the significant perceptual 
dimensions in the data from the listening tests. This was done for the listening tests based on 
melody-stimuli and tone-stimuli separately. 
 
 

2.5 Examination of acoustical properties of the extreme sounds in 
the perceptual dimensions 

Acoustical parameters which correspond to the significant perceptual dimensions for 
saxophone sounds were found by analysis of the acoustical characteristics of extreme sounds 
in the perceptual dimensions. Four extreme sounds were identified in each dimension, two 
sounds with the highest positive loadings and two with the highest negative loadings. The 
identified extreme sounds were compared with respect to the psychoacoustic indices loudness, 
sharpness, roughness and tonality [14]. Specific loudness and specific roughness were also 
checked in critical bands, in accordance with Zwicker and Fastl [14]. In addition to these 
established psychoacoustic indices, the formant characteristics and the bandwidth of the 
sounds were checked, see figure 3. The formant characteristics was checked by visual 
inspection of the frequency spectra, and was graded from 0 to 2, were “0” indicated no 
formant like humps in the frequency spectrum and “2” indicated 5-6 distinct humps in the 
spectrum. “1” indicated some identifiable formant like humps. The frequencies of the humps 
were also measured and compared for the extreme sounds. The bandwidth was measured by 
identification of the order of the highest partial in the frequency spectrum. 
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Figure 3 A representative frequency spectrum of a saxophone. F1 to F6 denotes the formant-

like humps found in the saxophone spectrum. The frequencies of these formants were 
measured by visual inspection of frequency spectra. The spectral bandwidth was measured by 

identification of the highest partial with a sound pressure level above 20 dB. 
 
 
 

2.6 Placing of acoustical quantities in the perceptual space 
The variables for which significant differences in the measured quantities were found between 
the extreme sounds were further analysed by adding them, one by one, to the set of significant 
perceptual variables from the listening tests. PCA of these data sets resulted in a suggestion 
for how the perceptual dimensions could be defined in terms of the acoustical quantities. 
 
 

3 Results 

3.1 Words and descriptors suitable for describing saxophone 
timbre 

Perceptual variables significantly affected by musician, saxophone or musician/saxophone 
interactions were considered suitable for describing the differences between the test sounds. 
This resulted in 9 words and 3 vowel similes, see table 1. 
 

F1 

F2 

F3 
F4 F5

F6 The partial defining 
spectral bandwidth 
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Swedish English translation 
Fyllig Full-toned 
Rå Rough 
Varm Warm 
Mjuk Soft 
Nasal Nasal 
Vass Sharp/keen 
Skarp Sharp 
Botten Bottom 
Tonal Tonal 
Likt A, som t.ex. i ”mat” A-like [a] 
Likt E, som t.ex. i ”smet” E-like [e] 
Likt Å, som t.ex. i ”båt” Å-like [o] 

 
Table 1 Words found suitable for describing the differences between the test sounds. For the 

English translations of “fyllig” and “vass”, translations by Gabrielsson and Sjögren were used 
[15]. 

 

3.2 The perceptual dimensions 
To simplify the interpretation of the results of the PCA only variables significantly affected 
by musician, saxophone or musician/saxophone interactions were analysed, i.e. the variables 
listed in table 1. A scatter plot of the loadings of the PCA based on the reduced data set is 
presented in figure 4 and the R2-values of each dimension are presented in table 2 together 
with an interpretation of the dimensions. 
 

 
Figure 4 The first two dimensions found by PCA from listening tests based on melody-stimuli 

after the variables found to be insignificant for the description of saxophone timbre were 
removed from the data set. 
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Salient variables Dim R2X 
Positive loading Negative loading 

1 0.41 soft, warm, full-toned, bottom sharp, sharp/keen, rough 
2 0.13 Å-like E-like, large 
Sum 0.54   

 
Table 2 The R2-values of the two first dimensions found by PCA from listening tests based on 
melody-stimuli after the variables found to be insignificant for the description of saxophone 

timbre were removed from the data set. 
 
 
 

3.3 Placing of acoustical quantities in the perceptual space 
Detailed presentations of the results from the identification of differences in acoustical 
quantities between extreme sounds and the description of the perceptual variables by 
acoustical variables are found in paper C. Two significant perceptual dimensions were 
identified, and the acoustical properties examined were placed in these dimensions. The 
results are summarised in table 3 and 4 for dimension 1 and 2.  
 
 
 

Dimension 1 (the musician-dimension) 
sharp, sharp/keen, rough soft, warm, full-toned 
F-char Frequency of formant 4 
Frequency of formant 1 Roughness 
Width Roughness 13-14 Bark 
Loudness Roughness 20-21 Bark 
Sharpness  
Tonality  
Loudness 8-9 Bark  
Loudness 11-12 Bark  
Loudness 13-14 Bark  
Roughness 5-6 Bark  
Roughness 21-22 Bark  

 
Table 3 Acoustical quantities describing dimension 1. This dimension contains the qualities 

that distinguish the two musicians. 
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Dimension 2 (the saxophone dimension) 
E-like Non E-like 
Frequency of formant 6 Loudness 10-11 Bark 
Loudness 9-10 Bark  
Roughness 7-8 Bark  
Roughness 8-9 Bark  

 
Table 4 Acoustical quantities describing dimension 2. This dimension separates the two 

saxophones. 
 

4 Discussion 
The experiments were designed to find differences in the sound between two musicians and 
two saxophones. This resulted in two significant perceptual dimensions. One described 
differences between the musicians and the other described differences between the 
saxophones. This led to identification of verbal descriptions suitable for describing the 
differences in sound between the musicians and the saxophones. One of the objectives of the 
study was to investigate how verbal descriptions commonly used by musicians can be 
interpreted in terms of acoustical quantities. A number of acoustical quantities significant for 
the two dimensions were identified. The results show that the experimental design was useful 
for finding perceptual and acoustical parameters useful to describe a limited number of 
sounds. It is important to notice that the perceptual dimensions, the acoustical parameters and 
the types of sound are related to each other. Therefore, the identified perceptual dimensions 
and acoustical quantities are useful for the specific task, to distinguish between two musicians 
playing on two saxophones of different brands. If the examined sounds are representative for 
a larger group of sounds, the results could be useful for describing other sounds in the group. 
An example of such a group is adjacent notes on a musical instrument. Notes with large 
differences in pitch are likely to differ too much in sound character to enable the use of results 
based one note on a note of considerably different pitch. If a large pitch range is to be 
covered, the methods must be applied to several notes. 
 
 

5 Conclusions 
The studies demonstrate that it is possible to subjectively describe sound quality and to relate 
acoustical quantities to the descriptions. This suggests that it is practical to develop sound 
description terminology useful for work such as preparation of specifications and subsequent 
product standardisation. 
 
The examinations of saxophone sound led to the following conclusions: 
 

- The differences between the sound of different musicians and saxophones of different 
brands are large enough to cause significant differences on the judgements of several 
of the tested descriptors. 
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- The alternation of musician and the alternation of saxophone affect different 
perceptual dimensions. The musician affects the soft/warm – sharp/keen/rough 
dimension, while the saxophone affects the E-like dimension. 

- The musicians differed in loudness, sharpness, roughness and tonality. 
- The saxophones differed in specific loudness in the ranges 9-10 Bark and 10-11 Bark, 

in specific roughness in the range 7-9 Bark and in the frequency of formant 6 (F6). 
 
 
From the evaluation of the methods, the following conclusions can be drawn: 
 

- Specification of sound requires reference sounds 
- The most prominent perceptual differences between a limited number of reference 

sounds can be mapped with the suggested methods 
- It is possible to place acoustical quantities in the perceptual space with the suggested 

methods 
- Several acoustical and perceptual variables co-vary. It is not possible to separate co-

variations caused by the physics of the product (saxophone) from co-variations caused 
by the model of perception. They will be mixed together. 

 
 

5.1 Future work 
The studies presented in this thesis were focused on describing sound. This is a first step 
towards methods for specifying sound. We still lack knowledge to be able to specify the 
sound of a not yet existing product. Complete methods for specifying sound will require 
knowledge of how to choose the right reference sounds, and how to verify that the chosen 
reference sounds are representative for a larger group of sounds. The target sound for the 
product to be developed probably has to be an interpolation between the reference sounds. 
The results presented here do only show that it is possible to find prominent perceptual 
differences between a small number of test sounds, and to connect acoustical quantities to 
these perceptual differences. More research is required to be able to suggest methods for 
selection of reference sounds, verification of the suitability of the reference sounds and 
interpolation in the perceptual space. 
 
The work on saxophones will be continued by using the developed methods to characterise 
the perceptual differences of the sound induced by a design change of the tone holes. 
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ABSTRACT 

When writing requirement specifications for musical 
instruments, or when writing music, specifying the sound of the 
instrument is of greatest interest. Today’s notation of music 
leaves many aspects of sound open for interpretation. This 
implies that it is necessary to know a music style and time 
typical ideal to be able to perform music in the way intended by 
the composer. 

To investigate how musicians use verbal descriptions of musical 
sounds, interviews have been made with saxophone players. The 
results have been analysed with respect to how frequent specific 
words have been used. Sounds described by the most popular 
words have been analysed to search for physical aspects of the 
sounds which could be coupled to the description. Since a large 
number of words have been used to describe the sounds, and 
only a few of them were used frequently by different musicians, 
the conclusion is that there is a lack of common language to 
describe sounds. New ways to describe sounds are desirable, 
since a larger set of descriptions will increase the possibility to 
choose a convenient set of descriptions for musical sounds. 
Therefore, one new way to describe sounds, based on vocal 
mimicking, is suggested and evaluated. 

1. INTRODUCTION 

Interviews with saxophone players have shown that they use a 
large number of words to describe the timbre of the saxophone. 
Most of the words seem to be used by individuals, but during the 
interviews, 9 adjectives occurred more frequently. 

When studying typical frequency spectra of the saxophone, they 
show some similarities to the human voice. The spectrum has a 
strong fundamental, it is falling approximately 10 dB/octave, and 
has strong formant-like characteristics. The human voice also 
has a strong fundamental, and the spectrum is falling 
approximately 6 dB/octave. The vowel sounds of the human 
voice are to a large extent determined by the formants [1]. 
Hence, the saxophone sound could be expected to resembles 
vowel sounds. Therefore, the use of vowel-similes have been 
tested as descriptors of the saxophone sound. 

The aim of the investigation was to find correlations between 
adjectives frequently used by saxophone players, the use of 
vowel-similes, and acoustically measurable characteristics of the 
saxophone tone. 

2. METHOD 

2.1. Interviews with saxophone players 

To find which adjectives that are commonly used by Swedish 
saxophone players to describe the timbre of the saxophone, ten 
subjects have been interviewed. The interviews were made in the 
conditions and the order stated below: 

1. The respondent was asked which adjectives he/she uses to 
describe the timbre of the saxophone, without playing or 
listening to any examples. 

2. The respondent was asked to pick the most convenient 
adjectives to use to describe the timbre of the saxophone from a 
list, without playing or listening to any examples. The adjectives 
in the list had been selected from scientific papers considering 
timbre of musical instruments [2], [3], [4], [5], [6], [7]. 

3. Different recordings of saxophone solos were played to the 
respondent, who was asked to describe the timbre by own words. 

4. Different synthetic saxophone sounds were played to the 
respondent, who was asked to describe the timbre by own words. 

5. The respondent was asked to describe the timbre he/she is 
striving for, by own words. 

6. The respondent was asked to play different saxophones and 
describe the timbre of them. 

The interviews were performed in Swedish. The adjectives most 
commonly used among the subjects can be found in Table 1, 
together with a translation to English. 

 

Swedish English translation 
Stor Large 
Fyllig Rounded 
Rå Rough1 
Varm Warm 
Mjuk Soft 
Nasal Nasal 
Kärnfull Coreful 
Vass Sharp1 
Botten Bottom 

Table 1: Most common adjectives in use among the saxophone 
players participating in the interview. 
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2.2. Recoding of typical saxophone sounds 

Saxophone sounds have been recorded with an artificial head 
(Head Acoustics HMS III), and played back to the subjects in 
the listening tests by using equalised headphones. To get sounds 
that differ in characteristics, recordings have been made by two 
different saxophone players, each playing on two different alto 
saxophones, giving four possible combinations. The saxophone 
players were asked to play a tune, to achieve playing conditions 
that are similar to ordinary music playing. 

2.3. Listening tests 

Two groups of subjects participated in the listening tests. One 
group consisted of 10 saxophone players, and the other group of 
6 subjects who were experienced listeners but did not play the 
saxophone. The listening test was divided into two parts:  

In listening test 1, a 7 second long part of a melody was played 
to the subject. The subjects were asked to estimate the timbre of 
one specific note (Ab4, f=415 Hz) in the middle of the melody. 4 
different sounds were used, one of each possible combination of 
saxophone and saxophone player. 

In listening test 2, a 0.5 second long cut from one single note 
was played (Ab4, f=415 Hz). The cut was placed so that both the 
attack and the decay was removed. Instead, the tone was ramped 
up and down with a ramp-up and –down time of 0.075 s. 12 
different sounds were used, three of each possible combination 
of saxophone and saxophone player. 

In each part, two different questionnaires were used. In 
questionnaire 1, the subject was asked to estimate how well the 
timbre quality was described by each of the 9 adjectives in Table 
1. In addition to this, the subject was also asked to estimate the 
total impression of the timbre of the judged note. 

In questionnaire 2, the subject was asked to estimate how well 
each of three different psycho-acoustic quantities and 9 vowel-
similes described the sound (Table 2). 

Swedish English translation 
Skarp Sharp2 
Rå Rough2 
Tonal Tonal 
likt A, som t.ex. i ”mat” A-like [a] 
likt E, som t.ex. i ”smet” E-like [e] 
likt I, som t.ex. i ”lin” I-like [i] 
likt O, som t.ex. i ”ko” O-like [u] 
likt U, som t.ex. i ”lut” U-like [u] 
likt Y, som t.ex. i ”fyr” Y-like [y] 
likt Å, som t.ex. i “båt” Å-like [o] 
likt Ä, som t.ex. i ”färg” Ä-like [‘] 
likt Ö, som t.ex. i ”kör” Ö-like [í] 

Table 2: Psycho-acoustic quantities and vowel-similes used in 
questionnaire 2. To give a hint of how the vowels should be 

pronounced, an example of a word was given in the following 
way:  like A, as for example in “car”. In the English translation, 

the phonetic description of the vowel has been given instead. 

The estimations of the perceptual qualities were made on an 11-
grade scale, ranging from e.g. “not at all sharp” (=0) to 
“extremely sharp” (=10), except for the estimation of the total 
impression, which was made on an 11-grade bi-polar scale 
ranging from “extremely bad” (=-5) to “extremely good” (=+5). 

2.4. Measurements of physical characteristics 

For each sound stimulus, the following acoustical characteristics 
have been measured: loudness (according to ISO532B), 
roughness [8], sharpness [9], tonality [8], frequencies for 6 
formant-like humps in the frequency spectrum, the spectral 
width, and the fundamental frequency. In addition to these 
quantities, the extent of formant-like characteristics has been 
estimated by visual inspection of smoothed FFT-spectra (see 
Table 3). 

2.5. Multivariate analysis 

Principal Component Analysis (PCA) was used to find 
relationships between acoustical properties, psycho-acoustic 
indices and the estimated perceptual qualities. The estimated 
perceptual qualities listed in Table 1 and 2, and the properties in 
Table 3 was used as variables. 

Name Description 
Sound Type of sound: 

0=listening test 1 
1=listening test 2 

Fund Fundamental frequency 
F-char Formant like characteristic: 

0=hardly no formant like characteristic at all 
1=week formant like characteristic 
2=strong formant like characteristics 

F1 Frequency of formant 1 
F 2 Frequency of formant 2 
F3 Frequency of formant 3 
F4 Frequency of formant 4 
F5 Frequency of formant 5 
F6 Frequency of formant 6 
Width Spectral width: 

The order number of the highest partial with a SPL 
above 20 dB 

Loudness Loudness (according to ISO532B) 
Roughness Roughness [8] 
Sharpness Sharpness [9] 
Tonality Tonality [8] 
Listener Type of litener: 

0=listener is not saxophone player 
1=listener is saxophone player 

Sax Type of saxophone: 
0=saxophone of make 0 
1=saxophone of make 1 

Subject Type of subject 
0=musician 0 
1=musician 1 

Table 3: Names and descriptions of variables used in the 
principal component analysis, in addition to the subjective 

qualities estimated in the listening tests. 
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3. RESULTS 

The PCA of data from listening test 2 gave 6 significant 
dimensions. The significance, together with an interpretation of 
the four most important dimensions can be found in Table 4. 
 

Dim r²X Interpretation 
1 0.16 Best described by the psycho-acoustic index, 

Sharpness, which have a negative loading. 
“Sharp”, “Rough”, “Soft” and “Warm” are the 
most important estimated qualities. A bi-polar 
scale from “sharp” to “soft” gives a good 
description of this dimension. 

2 0.14 Best described by the psycho-acoustic indices, 
Tonality and Roughness. All vowel similes have 
negative loading in this dimension, indicating 
that a vowel-like sound is characterised by high 
Tonality and low Roughness. The adjective 
“Coreful” (Swe. “Kärnfull”) seems to be used to 
describe Tonality. The differences between the 
saxophones are best described by this dimension. 

4 0.08 The fourth dimension is mainly described by 
formant frequency 1 and 3. The differences 
between the musicians is best described by this 
dimension. 

6 0.05 The sixth dimension is mainly described by 
formant frequencies 1, 2, 3 and 6. The saxophone 
used is strongly correlated with this dimension. 

Table 4: The significance of the 4 most important dimensions 
found by PCA of the data from listening test 2, together with an 
interpretation of each dimension. The variables listed in Table 

1, 2 and 3 have been used. 

A PCA of the combined data from listening test 1 and 2, was 
made to check how the results were influenced by the type of 
sound. The result showed that the two main dimensions were 
independent of the type of sound. Only two dimensions differed 
between the combined case and the case when only listening 
test 2 was used. These dimensions were mainly built up by the 
type of sound and vowel-similes. The vowel-similes are 
probably influenced by the length of the judged note and the 
context in which it is presented (e.g. attack, decay, the 
preceding- and the following note). To simply the interpretation 
of the results, the remaining discussion will be based on the PCA 
of the data from listening test 2. 

In Figure 1, the loadings of the two most significant dimensions 
are shown. Figure 2 shows the dimensions that best describe 
differences between the two saxophone players, and Figure 3 
shows the dimensions that gives the description of the 
differences between the two saxophones. 

4. DISCUSSION 

The two most significant dimensions in the analysed data (Figure 
1) are well described by the psycho-acoustic indices Sharpness 
(dim. 1) and Roughness (dim. 2). The perceptual qualities that 
best match dimension 1 are the Swedish adjective “vass” (Eng. 
“sharp”), and its opposite “mjuk” (Eng. “soft”). The Swedish 

adjective “skarp” (Eng. “sharp”), which is commonly used in 
psycho-acoustics seem to have the same meaning as “vass”. 
Dimension 2 is best described by the perceptual quality 
“kärnfull” (Eng. “coreful”). The Swedish adjective “rå” (Eng. 
“rough”), which is commonly used in psycho-acoustics, seems to 
have a different meaning for listeners who are not trained in 
psycho-acoustics. “Rå” has almost no loading on the roughness 
dimension (dim 2), but a quite strong loading on the sharpness 
dimension (dim. 1). 

The perceptual qualities “fyllig” and “varm” (Eng. “rounded” 
and “warm”), as well as all vowel-similes and total impression, 
can be described by a combination of low sharpness and low 
roughness. 

Dimension 2 and 6 (Figure 3) gives the best description of the 
differences between the two saxophones. Dimension 2 can be 
described by the bi-polar scale, roughness-tonality, and 
dimension 6 reflects the differences in the frequencies of 
formants 1, 2 and 6. Dimension 6 is mainly related to 
acoustically measured quantities. The perceptual quality that fits 
best is “Ä-like”. 

The two saxophone players differs mainly in dimension 2 and 4 
(Figure 2). In dimension 4, the influence of the player is most 
pronounced. The dimension is correlated with formant frequency 
1, 3 and 6. There are no perceptual qualities that explains 
dimension 4 well. The best description is given by the vowel-
similes, “O-like”, “Ä-like” and “Å-like”. Dimension 2 only 
reflects differences between the musicians slightly. 

Roughness seems to represent two dimensions (dim. 2 and 3). 
An explanation to this could be that the roughness of the 
samples in this experiment is not normally distributed. There are 
two groups of sounds, one with lower Roughness and one with 
higher. 
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Figure 1: The two most significant dimensions in the PCA 
of  listening test 2 
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Figure 2: Dimensions 2 and 4 reflects the main differences 
between the two saxophone players. 
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Figure 3: Dimensions 2 and 6 reflects the main differences 
between the two saxophones. 

5. CONCLUSIONS 

The psycho-acoustic indices, Sharpness, Roughness and 
Tonality, describes a considerable part of the timbre of the 
saxophone. The psycho-acoustic index, Sharpness, correlates 
well with the perceptual qualities “skarp” and “vass” (Eng. 
“sharp”). The psycho-acoustic indices, Roughness and Tonality, 
are each others opposites, mainly due to how they are defined. 
The perceptual quality that has the strongest correlation with this 
dimension is “kärnfull” (Eng. “coreful”). The adjective “rå” 

(Eng. “rough”) has week correlation with this dimension. This 
indicates that either training is required to be able to describe 
sounds by the use of this adjective, or that a more convenient 
description has to be found. 

The saxophone has a rough timbre. Still, a good total impression 
is correlated with tonality. This indicates that a good total 
impression requires that the timbre has a good balance between 
roughness and tonality. 

The two saxophone players in this experiment did not differ in 
the Sharpness or Roughness dimensions. Still there is a clear 
difference between the timbres of the two players. This 
difference could be explained by differences in the formant- like 
characteristics. There seem to be some correlation between 
vowel-similes and the formant-like characteristics, but it is 
ambiguous. One reason for this could be that, even though the 
formant-like characteristics of the saxophone tone reminds about 
the human voice, it still differs from the vowels. The formant-
like characteristics probably builds up patterns that are easy to 
recognise, even if they are difficult to describe. A suggestion for 
further investigations, is to study the effect of training on the 
ability to describe and distinguish between timbres with different 
formant-like characteristics. 
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Summary 
When drafting sound specifications, the qualities of the sounds being described are what is of 
greatest interest. Clear specifications require that the language used is familiar to the target 
group. The objective of this study was to investigate how musicians use verbal descriptions of 
musical sounds. Interviews were conducted with saxophone players. The results were 
analysed with respect to how frequently different words were used. The most frequently used 
words were tested in listening tests. Test sounds were produced by making binaural 
recordings of two saxophone players playing two saxophones of different brands. Two groups 
of subjects participated in the listening tests, saxophone players and non-saxophone players. 
The subjects were asked to judge how well words selected from the interviews described the 
test sounds. By factorial analysis of variance, data from the listening tests was analysed to 
examine how 3 factors: musician, saxophone, and type of listener influenced the judgements. 
Principal Component Analysis (PCA) was used to find the most significant dimensions for the 
test sounds. By combining factorial analysis of variance and PCA, the most significant words 
describing the most significant dimensions were selected, resulting in a small set of words 
which worked well to describe a large part of the variations in the analysed sounds. 
 

1 Introduction 
The development process for a new product usually starts with writing a requirement 
specification [1]. For product that generates sound during its operation, it is important to 
include properties of the sound(s) made in the product’s specifications. Blauert and Jekosch 
[2] has stated that “to be able to actually engineer product sounds, product sound engineer 
need potent tools, i.e. tools which enable them to specify design goals and, consequently, 
shape the product sounds in accordance with these design goals”. Guski [3] has proposed that 
the assessment of acoustic information should be made in two steps: 1. Content analysis of 
free descriptions of sounds and 2. Unidimensional psychophysics. The importance of 
language development in the context of audio quality evaluation is also supported by Berg [4]. 
 
When studying product sound, it is convenient to use musical instruments since they are 
typical examples of products where sound is an essential part of function. Therefore, this 
study has been restricted to saxophones; a representative example of a sound producing 
product. By determining which words are commonly used by a target group, in this case 
saxophone players, it is possible to get hidden information about which aspects of this 
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particular set of sounds are important for this particular group. To acquire this information, 
interviews were made with saxophone players. Words that occurred frequently were then 
thoroughly investigated in listening tests. 
 
When studying the typical frequency spectra of the saxophone there are some similarities to 
the human voice. Like the human voice, the spectrum has a strong fundamental, and the 
amplitudes of the partials fall with frequency. The spectrum also has strong formant-like 
characteristics, see Figure 1. The vowel sounds of human voices are to a large extent 
characterised by their formants [5]. Hence, saxophone sounds could be expected to resemble 
vowel sounds. Comments made by some of the musicians interviewed to the effect that they 
sometimes use vowel similes to describe saxophone timbre reinforce this hypothesis. 
Therefore, vowel similes were also tested as descriptors of saxophone sounds. 
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Figure 1 A representative frequency spectrum of a saxophone. F1 to F6 denotes the formant-

like humps found in the saxophone spectrum. 
 
 
 
 
In addition, the suitability of using three established psychoacoustic descriptors: sharpness, 
roughness and tonality [6] for describing the steady-state part of the saxophone sound were 
tested. The loudness of the test sounds were assumed to be approximately equal and therefore 
judgement of loudness was excluded. 
 
This qualitative approach for achieving verbal descriptors resulted in a set of attributes which 
reflected the aspects of sound considered to be most important by the target group (saxophone 
players). The selected attributes were further analysed through listening tests. 
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The objectives of the study were: 
 

1. To find words commonly used by saxophone players to describe the timbre of the 
saxophone. 

2. To investigate which of the words are significantly influenced by three factors: 
musician, saxophone, and type of listener. 

3. To investigate the influence of the type of stimuli; that is, the test sound embedded in 
its correct context (i.e. a note in a part of a melody) or as a steady-state part of a note. 

4. To find the significant perceptual dimensions in the data. 
5. To find suitable words to describe the significant perceptual dimensions. 

 
 

2 Method 

2.1 Interviews 
To find adjectives commonly used by Swedish saxophone players to describe saxophone 
timbre ten subjects were interviewed. All the subjects were saxophone players. Of these 
subjects, 2 were professionals, 4 had studied saxophone performance at the university level 
and 4 were active amateur saxophone players with more than 30 years experience. To gather 
as many words as possible, the interviews were made under six different conditions in the 
following order: 
 

1. Subjects were asked individually which adjectives they use to describe the timbre of 
the saxophone, without playing or listening to any examples. 

2. Each respondent was asked to pick the most convenient adjectives they use to describe 
the timbre of the saxophone from a list, without playing or listening to any examples. 
The adjectives in the list had been selected from scientific papers dealing with the 
timbre of musical instruments [7, 8, 9, 10, 11, 12]. 

3. Different recordings of saxophone solos were played individually to the respondents, 
who were then asked to describe the timbre in their own words. 

4. Different synthetic saxophone sounds were played to the respondents, who were then 
asked to describe the timbre in their own words. 

5. Each respondent was asked to describe the timbre they prefer to have when playing in 
their own words. 

6. Respondents were asked to play different saxophones and describe the timbre of each. 
 
The interviews were performed in Swedish. From the interviews a list of words used in 
different contexts was developed. A large number of words were identified during each of the 
6 steps described above. Different words occurred more frequently according to context. 
Since the words were to be used in listening tests, the number of words had to be limited. 
Approximately 10 words were assumed to be manageable. The strategy used to reduce the 
number of words was to count the number of respondents that had used a word in a context. 
The assumption was that if a word is used by many people it is commonly understood. By 
treating each context separately, the resulting list was of words most likely to be useful in all 
contexts. Selecting only the words with the highest number of counts in each context yielded 
8 words. In addition to these 8 words, the word “bottom” was selected. It was frequently used 
by some of the professional saxophone players in discussions before and after the interviews, 
but it was not frequently used in the interviews. The selected words are contained in Table 1. 
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Swedish English translation 
Stor Large 
Fyllig Full-toned 
Rå Rough 
Varm Warm 
Mjuk Soft 
Nasal Nasal 
Kärnfull Centred 
Vass Sharp/keen 
Botten Bottom 

 
Table 1 Most common adjectives used by the saxophone players participating in the 

interviews. For the English translations of “fyllig” and “vass”, translations by Gabrielsson and 
Sjögren were used [13]. 

 
 
 

2.2 Listening tests 
Subjects 
Two groups of subjects participated in the listening tests, saxophone players and non-
saxophone players. The subjects in the non-saxophone player group were experienced 
listeners, either musicians who play other instruments or acousticians. 
 
Sound stimuli 
Saxophone sounds were binaurally recorded with an artificial head (Head Acoustics HMS 
III), and played back to the subjects in the listening tests by using equalised headphones [14]. 
To get sounds with variations typical of saxophone sounds recordings were made by two 
different saxophone players each playing two alto saxophones of different brands. This gave 
four possible combinations. The saxophone players were asked to play a jazz standard (“I 
Remember Clifford”) parts of which were used. By having them play an entire piece it was 
felt the notes used would be “normal”. Recording was carried out in a small concert hall 
intended for jazz and rock music. Each musician stood in the middle of the stage while they 
performed. The artificial head was placed 5 m in front of the saxophone player facing them. 
The saxophone player tuned their instrument before the recording and they were given a 
tempo by a metronome. Both players were instructed to play a mezzo forte. Both were 
studying saxophone at the university level. 
 
Two types of sound stimuli were used: 
Melody-stimuli consisting of a 7 second exert from a melody (see Figure 2). The subjects 
were asked to estimate the timbre of a specific note (Ab4, f=415 Hz) in the centre of the 
melody. A total of 4 different sounds were used; each combination of saxophone and 
saxophonist as described earlier. 
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Figure 2 The melody played in listening test 1 (arranged for Eb-alto saxophone) 

 
 
Tone-stimuli consisting of a 0.5 second long cut from a single note (Ab4, f=415 Hz). The cut 
was placed so that both the attack and the decay were removed. Instead, the tone was ramped 
up and down with a ramp-up and down time of 0.075 s. Twelve different sounds were used, 
three of each possible combination of saxophone and saxophonist cut from different parts of 
the recordings. 
 
In the listening tests, the order of the type of stimulus was randomised. Half of the group 
started with melody-stimuli and half started with tone-stimuli. The order of the sound 
examples was also randomised. 
 
Questionnaires 
Two different questionnaires were used. In Questionnaire 1, the subject was asked to judge 
how well the timbre was described by each of the 9 adjectives from Table 1. In addition to 
this, the subject was also asked to judge their overall impression of the timbre of the judged 
note. 
 
In Questionnaire 2, the subject was asked to judge how well each of three different psycho-
acoustic descriptors and 9 vowel-similes described the timbre of the sound (Table 2). 
 

Swedish English translation 
Skarp Sharp 
Rå Rough 
Tonal Tonal 
likt A, som t.ex. i ”mat” A-like [a] 
likt E, som t.ex. i ”smet” E-like [e] 
likt I, som t.ex. i ”lin” I-like [i] 
likt O, som t.ex. i ”ko” O-like [u] 
likt U, som t.ex. i ”lut” U-like [u] 
likt Y, som t.ex. i ”fyr” Y-like [y] 
likt Å, som t.ex. i “båt” Å-like [o] 
likt Ä, som t.ex. i ”färg” Ä-like [æ] 
likt Ö, som t.ex. i ”kör” Ö-like [œ] 

 
Table 2 Psycho-acoustic quantities and vowel-similes used in questionnaire 2. (To give a hint 
of how the vowels should be pronounced, an example of a word was given in the following 
way:  like A, as for example in “car”. In the English translation, the phonetic description of 
the vowel has been given instead. For the English translation of “skarp”, the translation by 

Gabrielsson and Sjögren was used [13].) 

Judged note 
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The judgements of the perceptual qualities were made on 11 point scales (Figure 3), ranging 
from “not at all” (=0) to “extremely” (=10). A single exception was for the estimation of the 
overall impression which was made on an 11 point scale ranging from “extremely bad” (=-5) 
to “extremely good” (=+5). 
 
 
 
 

 
 

Figure 3 The 11 point rating scale used in the listening tests for estimating “large”, ranging 
from “not at all large” (0) to “extremely large” (10) 

 
 
 
 
 
In the listening tests, the order of the two types of questionnaire was randomised. Half of the 
group started with questionnaire 1 and half started with questionnaire 2. 
 
 

2.3 Analysis of Variance (ANOVA) 
The significance of the judged variables in Tables 1 and 2 were tested by means of Analysis 
of Variance (ANOVA) [15]. All variables in Tables 1 and 2 were tested as dependent 
variables. Three factors were used in the tests: musician, saxophone and type of listener. All 
factors had two levels (see Table 3). The ANOVA was done for data based on melody-stimuli 
and tone-stimuli separately to allow comparisons between the two kinds of stimuli. 
 
 
 

Factor Levels Stimuli 1 
No. of obs. 

Stimuli 2 
No. of obs. 

Musician Musician 0 
Musician 1 

32 
32 

96 
96 

Saxophone Saxophone 0 
Saxophone 1 

32 
32 

96 
96 

Listener Saxophone player 
Non-saxophone player 

40 
24 

120 
72 

 
Table 3 Factors used in the Analysis of Variance, their levels and number of observations for 

each factor. 

0 1 2 3 4 5 6 7 8 9 10 
Inte alls
stor 

Extremt
stor



  7

 

2.4 Multivariate Analysis 
Principal Component Analysis (PCA) [16] was used to search for the significant dimensions 
in the data from the listening tests. The test of significance was based on both cross-validation 
rules and the size of eigenvalues. PCA was done for the listening tests based on melody-
stimuli and tone-stimuli separately. The estimated qualities defined in Tables 1 and 2 were 
used as variables. 
 
 
 

3 Results 

3.1 Analysis of Variance (ANOVA) 
The p-values from the ANOVA of the data from the listening tests based on melody-stimuli 
and tone-stimuli are presented in Tables 4 and 5.  
 
 
 
 
 
 

  Second order interactions 
Dependent variable A B C AB AC BC 
Large - - - - - - 
Full-toned - 0,0044 - - 0,0335 - 
Rough - 0 - - - 0,0398 
Warm - 0 - - - - 
Soft - 0 - - - 0,0212 
Nasal - - - - - - 
Centred - - - - - - 
Sharp/keen - 0 - - - 0,0497 
Bottom - - 0,0489 - 0,0202 - 
Overall imp - 0,0046 - - - - 
Sharp - 0 0,0337 - - 0,0078 
Tonal - 0,0206 - 0,0206 - 0,0386 
A-like - 0,0454 - - - - 
E-like - - 0,004 - - - 
I-like - - - - - - 
O-like - - - - - - 
U-like - - - - - - 
Y-like - - - - - - 
Å-like - - - - - - 
Ä-like - - - - - - 
Ö-like - - - - - - 

 
Table 4 p-values below 0.05 for the ANOVA of data from listening tests based on melody-
stimuli. The factors are: A - Type of listener (saxophone player or non-saxophone player), 

B - Musician (musician 0 or 1) and C - Saxophone (saxophone 0 or 1) 
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  Second order interactions 
Dependent variable A B C AB AC BC 
Large - - - - - - 
Full-toned - 0,0204 - - - 0,0236 
Rough - - - - - 0 
Warm - - - - - 0,0002 
Soft - 0,0009 - - - 0,0002 
Nasal - 0,028 - - - - 
Centred 0,0289 - - - - - 
Sharp/keen 0,0177 0 - - - 0 
Bottom 0,005 - - - - - 
Overall imp - - - - - 0,0001 
Sharp - 0 0,0179 - - 0,0002 
Tonal 0 - - - - - 
A-like 0,0298 - - - - 0,0359 
E-like - - - - - - 
I-like - - - - - - 
O-like - - - - - - 
U-like - - - - - - 
Y-like - - - - - - 
Å-like - - - - - 0,0307 
Ä-like - - - - - - 
Ö-like - - - - - - 

 
Table 5 p-values below 0.05 for the ANOVA of data from listening tests based on tone-

stimuli. The factors are: A - Type of listener (saxophone player or non-saxophone player), 
B - Musician (musician 0 or 1) and C - Saxophone (saxophone 0 or 1) 

 
 
 
The effects on variables significantly influenced by musician or saxophone were studied 
further and are presented in Table 6. The significant interactions between musician and 
saxophone are presented in Figures 4 and 5. Variables not affected by musician, saxophone or 
interaction between musician and saxophone were considered to be of low importance in the 
description of saxophone timbre. 
 
 

Variable Factor 
 Between 

Musicians 
Between 
Saxophones 

Melody-stimuli 
Full-toned 1.44 units - 
Warm 2.99 units - 
A-like -1.23 units - 
E-like - 1.45 units 
Overall 
impression 

1.58 units - 

Tone-stimuli 
Nasal -0.56 units - 

 
Table 6 The effect of musician and saxophone on the variables (the 11 point scales) 

significantly influenced by these factors in the listening tests. 
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Figure 4 The significant interactions from ANOVA of the data from the listening test based 
on melody-stimuli. 
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Figure 5 The significant interactions from ANOVA of the data from the listening test based 
on tone-stimuli. 
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Words and descriptors suitable for describing saxophone timbre 
Words which described differences between the test sounds were selected from Tables 4 and 
5. This resulted in 9 words and 3 vowel-similes as shown in Table 7. Since these words are 
significantly affected by musician, saxophone or interaction between musician and saxophone 
the assumption is that they are suitable for specifying saxophone timbre. 
 
 
 
 

Swedish English translation 
Fyllig Full-toned 
Rå Rough 
Varm Warm 
Mjuk Soft 
Nasal Nasal 
Vass Sharp/keen 
Skarp Sharp 
Botten Bottom 
Tonal Tonal 
Likt A, som t.ex. i ”mat” A-like [a] 
Likt E, som t.ex. i ”smet” E-like [e] 
Likt Å, som t.ex. i ”båt” Å-like [o] 

 
Table 7 Words deemed suitable for describing saxophone timbre. 

 
 
 
 

3.2 Multivariate analysis of variables significantly affected by 
saxophone and musician 

The ANOVA of the two listening tests showed that the choice of musician and saxophone do 
not have a significant effect on all variables. To simplify the interpretation of the PCA, the 
variables which were not affected by musician, saxophone or interactions between musician 
and saxophone were excluded. Scatter plots of the loadings of the PCA based on the reduced 
data set are found in Figures 6 and 7, and the R2-values of each dimension are presented in 
Tables 8 and 9 together with an interpretation of the dimensions. 
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Figure 6 The first two dimensions found by PCA from listening tests based on melody-
stimuli, where variables not affected by musician, saxophone or saxophone/musician 

interactions were excluded. The variable “large” was added to get two significant dimensions. 
 
 

Salient Variables Dim R2X 
Positive loading Negative loading 

1 0.41 soft, warm, full-toned, bottom sharp, sharp/keen, rough 
2 0.13 Å-like E-like, large 
Sum 0.54   

 
Table 8 The R2-values of the two first dimensions found by PCA from listening tests based on 
melody-stimuli after the variables found to be insignificant for the description of saxophone 

timbre were removed from the data set.  
 

 
Figure 7 The two significant dimensions found by PCA from listening tests based on tone-

stimuli where variables not affected by musician, saxophone or saxophone/musician 
interactions were excluded. The variable “large” was added to get two significant dimensions. 
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Salient Variables Dim R2X 
Positive loading Negative loading 

1 0.30 soft, warm, full-toned sharp/keen 
2 0.19 sharp, sharp/keen, rough soft 
Sum 0.49   

 
Table 9 The R2-values of the two first dimensions found by PCA from listening tests based on 

tone-stimuli after the variables found to be insignificant for the description of saxophone 
timbre were removed from the data set. 

 
 
 

4 Discussion 

4.1 The description of the most prominent perceptual dimensions 
For interpretation of the most prominent perceptual dimensions, PCA of variables 
significantly affected by musician and/or saxophone were further studied using melody-
stimuli data as depicted in Figure 6. The reason for choosing this set of data was that for 
melody-stimuli more variables were significantly affected by musician and saxophone than 
for tone-stimuli.  
The effect of the type of listener was lower for melody-stimuli. The melody-stimuli gave 
significant differences, depending on saxophone. 
Warm, soft and full-toned seem to have had a similar meaning. So did sharp/keen, sharp and 
rough. The fact that sharp/keen, sharp and rough were judged to be similar may be explained 
by the physical characteristics of the saxophone sound. Much of the roughness in a saxophone 
tone originates from harmonic components of high frequencies. Therefore, when the 
bandwidth of the sound was increased, both the sharpness and the roughness in the high 
register increased. Likely was that roughness judgement was, to a large extent, based on 
specific roughness in the higher register. In future work the bandwidth might be extended, for 
example by playing louder or by changing the playing technique. Differences in bandwidth 
influenced the judgement of sharp and rough. This may be why they were fell together in the 
PCAs; even if they did not necessarily describe the same perceptual quality. 
The second dimension was described as being E-like. This was the only dimension affected 
by difference between saxophones. 
Bottom and full-toned represented sounds which were both warm/soft and E-like. Nasal 
seems to have a similar meaning as sharp/keen/rough. A high overall impression was given by 
a sound that was warm/soft/full-toned. 
 
A simplified description of the significant dimensions is presented in Figure 8. 
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Figure 8 The two identified dimensions of saxophone sound, together with suggested words 
suitable for describing these dimensions. 

 
 
 
 
Recommended is the use of combinations of words to describe different dimensions. To 
evaluate which of the words in each group that described the differences in the test sounds 
best, the effects of musician and saxophone and the interactions of these two factors on the 
variables were studied. The effects and interactions are presented in Table 6 and Figures 4 and 
5.  
 
Soft, warm, full-toned 
When melody-stimuli were used, a number of significant interactions between saxophone and 
musician were identified. The difference between musicians for soft was 3.7 units (on the 11 
point scale) when saxophone 0 was considered. The difference between musicians for warm 
was 3.0 units; when only saxophone 0 was considered it was 3.7 units. The difference 
between musicians for full-toned was 1.4 units; when only saxophone 0 was considered, it 
was 1.7 units. 
When tone-stimuli were used, the difference between musicians for soft was 1.9 units for 
saxophone 0. The difference between musicians for warm was 1.5 units for saxophone 0. The 
difference between musicians for full-toned was 1.3 units for saxophone 0. The difference 
between musicians was high for all three variables when saxophone 0 was considered. 
Therefore all three words could be used in combination to describe the positive extreme of 
dimension 1. If one word has to be chosen, soft would be most descriptive as it was more 
extreme than the other two variables in this dimension. 
 
Sharp, sharp/keen, rough, nasal 
When melody-stimuli were used, the difference between musicians for sharp/keen was -3.9 
units for saxophone 0. The difference between musicians for sharp was -4.5 units for 
saxophone 0. The difference between musicians for rough was -4.0 units for saxophone 0. 

Dimension 2 

Sharp 
Sharp/keen 

Rough 

Full-toned 
Bottom 

Soft 
Warm 

E-like 

Dimension 1 
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When tone-stimuli were used, the difference between musicians for sharp/keen was -2.6 units 
and on sharp -2.9 units for saxophone 0. The difference between musicians for rough was -1.2 
units for saxophone 0 and 1.4 scale units for saxophone 1. The difference between musicians 
for nasal was -0.56 units, and when only saxophone 0 was considered it was -0.86 units. The 
difference between musicians was high on sharp/keen, sharp and rough. The effect difference 
between musicians for nasal was significant but not as large as for the other factors. The 
difference between musicians for rough was high for saxophone 0, but it did not behave the 
same way as did sharp/keen and sharp for saxophone 1. Nasal was only significantly affected 
by the musicians when tone-stimuli were used; the difference was small. Therefore, nasal was 
considered to be unsuitable for use as a dimension 1 description. These findings suggest that 
the words sharp/keen, sharp, and rough may be used in combination to describe the negative 
extreme of dimension 1. 
 
E-like, large 
Dimension 2 was best described by the term E-like. E-like was the only variable significantly 
different between the two saxophones. Thus, dimension 2 best describes the saxophone 
differences. Large also gave high loadings on this dimension. Since large is not significantly 
affected by musician, saxophone or interactions between musician and saxophone, this word 
was considered unsuitable for describing dimension 2. 
 

4.2 Comments on the experimental design 
The choice of subjects for the interviews 
In the interviews for determining words commonly used among saxophone players no 
reference group consisting of non-saxophone players was used. Therefore, there is no group 
with which to compare the results. However, since the study objective was to find words 
commonly used by saxophonists, a non-saxophonist comparison group was not essential. This 
does not necessarily mean that words used by non-saxophone players would describe 
saxophone sounds less successfully. 
 
The choice of subjects for the listening tests 
In the ANOVA of the data from the listening tests with melody-stimuli there are significant 
interaction effects between listener and musician for tonal and between listener and 
saxophone for full-toned and bottom. Table 4 shows these factors. Interaction plots for these 
variables are presented in Figure 4. There were significant differences in the judgments of 
full-toned and bottom, depending on the type of saxophone, when judged by non-saxophone 
players. A similar difference depending on musician appeared in the judgment of tonal, when 
judged by saxophonists.  
 
For the data from the listening test with tone-stimuli, the ANOVA showed that the type of 
listener affected the variables centred, sharp/keen, bottom, tonal and A-like (see Table 5). No 
significant interaction effects between listener and musician or between listener and 
saxophone were found. Centred, bottom and tonal, were not influenced by musician, 
saxophone or interaction effects between musician and saxophone and therefore can be 
ignored. Since no interaction effects between listener and musician or between listener and 
saxophone existed for sharp/keen or A-like, the type of listener did not affect the ability to 
distinguish between different musicians or saxophones when tone-stimuli were used. 
 
The results show that a mix of subjects with different backgrounds is preferable for the 
purpose of developing commonly understood descriptors. Most of the variables were not 
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affected by the type of listener, but in three cases the groups differed significantly. For two of 
these variables, full/full-toned and bottom, only non-saxophone players judged different, 
depending on which saxophone was played. For the third variable, tonal, only saxophone 
players judged differently; according to which musician was playing. This may be because 
different groups of listeners focus on different aspects of sound and may successfully 
distinguish between different sounds by using different variables. Therefore, it can be a 
benefit to use a mix of subjects with different backgrounds rather than using only subjects 
from the target group. 
 
The choice of perceptual variables for the listening tests 
It is desirable to use a large number of perceptual variables in the listening tests to ensure that 
all perceptual dimensions are covered. This does require that a large number of tests be 
conducted.. To avoid this, but to cover the most salient dimensions, interviews with 
saxophone players were done under a number of listening conditions. By selecting the words 
used by the largest number of respondents, the number of words needed in the more extensive 
listening test was reduced. Only the words used by the highest number of respondents in each 
step were used. This resulted in 8 words being selected. 
 
The choice of test sounds 
Two types of test sounds were used in the listening tests. One consisted of a part of a melody, 
approximately 7 s long. The subjects were instructed to judge the steady state part of one 
specific note. The other test sound consisted only of the steady state part of the specific note 
which was 0.5 s long. There are benefits and drawbacks with both types of sounds. Using the 
tone-stimuli guarantees that the subject is judging the part that is studied. This is not the case 
for the melody-stimuli, but instead, the sound is presented in its correct context. This makes 
the subject more familiar with the situation and it was shown that more variables were judged 
with higher accuracy by the subjects in this case. 
 
The choice of musical instruments 
Saxophones were arbitrarily selected as the sound source as the ultimate goal of this work is 
to develop descriptors that can be applied in a range of musical and non-musical settings. 
During the course of data collection it became apparent that test subjects were better at 
distinguishing sound made by one of the two saxophones used in the experimental work. The 
reason or reasons for this difference may be due to factors such as the model of saxophone 
and the familiarity of the musician with the model. That one saxophone yielded more 
significant results is not extremely critical in light of the ultimate goal of developing 
commonly understood descriptors. Future work can include an assessment of the cause or 
causes for the differences between saxophones. Based on comments made by the musicians 
who played the saxophones it is probably that cause relates to musician preference and 
familiarity which in turn can affect sound generated.     
 

5 Conclusions 
Nine words and 3 vowel-similes were found to by useful for describing the differences 
between sounds used in the study. These words and vowel-similes are presented in Table 7. 
PCA of the variables based on these words resulted in two significant perceptual dimensions. 
Dimension 1 was described by a bipolar scale ranging from sharp/keen/rough to 
soft/warm/full-toned. Dimension 2 was described by a unipolar scale for E-like/large. 
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For the interviews, it was considered important to use saxophone players as subjects. For the 
listening tests, it was considered important to mix subjects from different backgrounds. Non-
saxophone players and saxophone players proved to be good at using different descriptors, 
even if most of the descriptors were used equally well by both groups. 
 
Two types of test sounds were used in the listening tests. The conclusion was that a 
combination of the two types of sounds added information to the test. The use of a long test 
sound, where the sound to judge was presented in its correct context, was generally judged 
with better accuracy. The use of a short test sound, where the sound to judge was presented 
without the surrounding context, guarantees that nothing but the test sound is judged. If large 
deviations between the types of sound occur, these differences may be influenced sound 
judgements outside the region of interest. 
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Summary 
Product specifications that include descriptors of sound qualities are most helpful when a 
description contains adequate detail and utilises understandable wording. Quality 
specifications require that these verbal descriptions can be interpretable in terms of physical 
measures. The objective of this study was to investigate how verbal descriptions commonly 
used by musicians can be quantitatively interpreted in terms of agreed-upon acoustical 
measurements. Verbal descriptions developed during the course of an earlier study were used 
for the current study. A number of acoustical quantities were added, one by one, to a set of 
perceptual variables measured in listening tests. Principal Component Analysis (PCA) of 
these data sets resulted in a suggestion for how the perceptual dimensions could be defined in 
terms of the acoustical quantities. This resulted in two significant perceptual dimensions. 
Dimension 1 was described using a bipolar scale ranging from sharp/keen/rough to 
soft/warm/full-toned. The acoustical quantities sharpness, tonality, specific roughness (5-6 
Bark and 21-22 Bark) and specific loudness (8-14 Bark) correlated with sharp/keen/rough. 
Roughness and specific roughness (13-14 Bark and 20-21 Bark) correlated with 
soft/warm/full-toned. Dimension 2 was described by a uniploar scale for E-like/large. Specific 
loudness (9-10 Bark) and specific roughness (7-8 Bark and 8-9 Bark) correlated positively 
with E-like/large. Specific loudness (at the different range of 10-11 Bark) correlated 
negatively with E-like/large. In addition to these psychoacoustic indices, the centre 
frequencies of some formant-like humps in the frequency spectra were found to correlate with 
the two dimensions described above. 
 

1 Introduction 
The modern development process for a new product commonly starts with the writing of a 
requirement specification [1]. For a product that generates sound as part of its function (or 
during use), it is prudent to include descriptors of sound properties in the specification. 
Effective sound specifications require that the verbal descriptions used can be interpreted in 
terms of acoustical quantities. When studying product sound, it is convenient to use musical 
instruments as they are typical examples of products with a desired specific sound. Therefore, 
this study was restricted to the saxophone. There have been studies of how to verbally 
describe the sound of musical instruments [2, 3, 4, 5, 6], but the aim of these studies was not 
been to establish methods to interpret verbal descriptions in terms of acoustical quantities. By 
determining which words are commonly used by a target group (in this case saxophonists) it 
is possible to identify previously unknown information about which sound aspects are 
important for the group. To obtain this information, interviews were conducted with 
saxophone players. From the interviews, 11 adjectives were selected for investigation in 
listening tests. A comparison of typical frequency spectra of the saxophone will show some 
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similarities to the typical frequency spectra of the human voice. Like the human voice, the 
saxophone spectrum has a strong fundamental and the amplitudes of the partials fall with the 
frequency. The saxophone spectrum also has strong formant-like characteristics. The vowel 
sounds of the human voice are to a large extent characterised by the formants [7]. Hence, 
saxophone sound could be expected to resemble vowel sounds. This hypothesis was 
strengthened by the fact that some of the musicians in the interviews stated that they 
sometimes use vowel similes to describe saxophone timbre. Therefore, vowel similes were 
tested as descriptors of saxophone sounds in addition to the 11 adjectives. The listening tests 
resulted in two significant perceptual dimensions. Dimension 1 was describable by a bipolar 
scale ranging from sharp/keen/rough to soft/warm/full-toned. Dimension 2 was describable by 
a unipolar scale for E-like/large. 
 
The objective of this study was to investigate how these verbal descriptions can be interpreted 
in terms of acoustical quantities, e.g. the psychoacoustic indices: loudness, sharpness, 
roughness and tonality [8].  
 

2 Background 
In a separate paper, the perceptual dimensions of saxophone sound were investigated [2]. 
Saxophone sounds were binaurally recorded with an artificial head (Head Acoustics HMS 
III). To get sounds with variations typical of saxophone sounds recordings were made by two 
different saxophone players playing on two alto saxophones of different brands. This yielded 
four possible combinations. The saxophone players were asked to play a jazz standard (“I 
Remember Clifford”) parts of which were used. By having them play an entire piece it was 
felt the notes used would be “normal”. Recording was carried out in a small concert hall 
intended for jazz and rock music. Each musician stood in the middle of the stage while they 
performed. The artificial head was placed 5 m in front of the saxophone player facing them. 
The saxophone player tuned their instrument before the recording and they were given a 
tempo by a metronome. Both players were instructed to play a mezzo forte. Both were 
studying saxophone at the university level. 
The stimuli used in the listening tests consisted of a 7 second long part of a melody as shown 
in Figure 1. During the listening tests the subjects were asked to estimate the timbre of a 
specific note (Ab4, f=415 Hz) in the middle of the melody. Four different sounds were used, 
one for each possible combination of saxophone and saxophone player. 

 
 
 

 
Figure 1 The melody played in listening test 1 (arranged for Eb-alto saxophone) 

 
 
 
A total of 16 subjects were asked to judge the perceptual qualities listed in Table 1. The 
judgements were made on an 11 point scale (Figure 2), ranging from “not at all” (=0) to 
“extremely” (=10). 

Judged note 
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Swedish English translation 
Stor Large 
Fyllig Full-toned 
Rå Rough 
Varm Warm 
Mjuk Soft 
Nasal Nasal 
Kärnfull Centred 
Vass Sharp/keen 
Skarp Sharp 
Botten Bottom 
Tonal Tonal 
likt E, som t.ex. i ”smet” E-like [e] 
likt Å, som t.ex. i “båt” Å-like [o] 

 
Table 1 Words and vowel-similes judged in the listening test. (To give subjects a hint of how 
the vowels sounded, a word example with the desired sound was provided. For the English 

translation here, the common phonetic description follows the vowel. For the English 
translation of “fyllig”, “vass” and “skarp”, the translation by Gabrielsson and Sjögren has 

been used [9]. 
 
 
 
 
 

 
 

Figure 2 The 11 point rating scale used in the listening tests for estimating “large”, ranging 
from “not at all large” (0) to “extremely large” (10) 

 
 
 
 
 
By Principal Component Analysis (PCA) [10] the significant perceptual dimensions in the 
data from the listening tests were found. The test of significance was based on both cross-
validation rules and the size of eigenvalues. This resulted in two significant perceptual 
dimensions. The loading scatter plot is presented in Figure 3, and the significance of the 
dimensions, together with an interpretation of each dimension are found in Table 2. 
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Figure 3 The two significant dimensions found by PCA of perceptual variables judged in 

listening tests. 
 
 
 

Salient Variables Dim R2X 
Positive loading Negative loading 

1 0.41 soft, warm, full-toned, bottom sharp, sharp/keen, rough 
2 0.13 Å-like E-like, large 
Sum 0.54   

 
Table 2 The R2-values of the two first dimensions found by PCA from listening tests based on 
melody-stimuli after the variables found to be insignificant for the description of saxophone 

timbre were removed from the data set. 
 

3 Method 
To find acoustical parameters which correspond to the perceptual dimensions presented 
above, PCA was used. Four extreme sounds were identified in each dimension, two sounds 
with the highest positive loadings and two with the highest negative loadings. The identified 
extreme sounds were compared with respect to the psychoacoustic indices loudness, 
sharpness, roughness and tonality [8]. Specific loudness and specific roughness were also 
checked in critical bands in accordance with Zwicker and Fastl [8]. In addition to these 
established psychoacoustic indices, the formant characteristics and the bandwidth of the 
sounds were checked (see Figure 4). The formant characteristics were checked by visual 
inspection of the frequency spectra and were graded from 0 to 2, were “0” indicated no 
formant-like humps in the frequency spectrum and “2” indicated 5-6 distinct humps in the 
frequency spectrum. “1” indicated some identifiable formant-like humps. The frequencies of 
the humps were also measured and compared for the extreme sounds. The bandwidth was 
measured by identification of the order of the highest partial in the frequency spectrum. All 
acoustical quantities used in the analysis can be found in Table 3. 
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Figure 4 A representative frequency spectrum of a saxophone. F1 to F6 denotes the formant-

like humps found in the saxophone spectrum. The frequencies of these formants were 
measured by visual inspection of frequency spectra. The spectral bandwidth was measured by 

identification of the highest partial with a sound pressure level above 20 dB. 
 

 
Variable Abbreviation
Fundamental frequency /Hz Fund 
Formant characteristics (0, 1 or 2) F-char 
Frequency of formant 1 /Hz F1 
Frequency of formant 2 /Hz F2 
Frequency of formant 3 /Hz F3 
Frequency of formant 4 /Hz F4 
Frequency of formant 5 /Hz F5 
Frequency of formant 6 /Hz F6 
Spectral bandwidth /no. of partials Width 
Loudness /sone Loudness 
Roughness /asper Roughness 
Sharpness /acum Sharpness 
Tonality /tu Tonality 
Specific loudness per critical band (4.5 Bark-22.5 Bark) /sone/Bark L4.5-L22.5 
Specific roughness per critical band (4.5 Bark-22.5 Bark) /asper/Bark R4.5-R22.5 

 
Table 3 The acoustical quantities used to analyse the test sounds. 

 
 
The variables where differences in the measured quantities were found between the extreme 
sounds were further analysed by adding them, one by one, to the set of significant perceptual 
variables from the listening tests. PCA of these data sets resulted in a suggestion for how the 
perceptual dimensions could be defined in terms of the acoustical quantities. 

F1 

F2 

F3 
F4 F5

F6 The partial defining 
spectral bandwidth 
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4 Results 

4.1 Extreme sounds in the identified perceptual dimensions 
Two extreme sounds with positive loading and two with negative loading were identified for 
each dimension of the PCAs. The positively and negatively loaded extreme sounds in each 
dimension were compared with respect to the acoustical quantities listed in Table 3. The 
results of the comparisons are presented in Table 4. 
 
 
 
 

Dimension 1 Dimension 2 
F-char - F6 - 
F1 - saxophone + 
F4 - roughness 7-9 Bark - 
width - 
loudness - 
roughness + 
sharpness - 
tonality - 
musician - 
loudness 7-9 Bark - 
loudness 11-12 Bark - 
loudness 13-19 Bark - 
loudness 21-23 Bark - 
roughness 9-21 Bark + 
roughness 21-23 Bark - 

 

 
Table 4 Acoustical quantities where differences were identified between the positively and 

negatively loaded extreme sounds for each dimension. A “+” indicates a positive correlation 
with the dimension and a “-” indicates a negative correlation. 

 
 
 
 

4.2 Description of perceptual dimensions by acoustical variables 
To find acoustical variables suitable for describing the perceptual dimensions, the acoustical 
variables in Table 4 were included in the PCA, one by one (see Figure 5). By including one 
variable at a time, the perceptual dimensions were only slightly affected, and hence the 
acoustical variable was placed in the perceptual space. Since the specific loudness measures 
were assumed to be correlated to each other, all specific loudness values were included in the 
PCA at the same time. To avoid affecting the perceptual dimensions too greatly, the specific 
loudness values were scaled down until the resulting dimensions were similar to the 
dimensions of the PCA of only the perceptual variables. The same procedure was used for 
specific roughness. 
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5a Formant characteristics (F-char) 5b Frequency of formant 1 (F1) 

 
5c  Frequency of formant 4 (F4). Observe the shift of 5d Frequency of formant 6 (F6) 
 direction for dimension 1. 

 
5e Spectral band width (Width) 5f Loudness 
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5g Roughness 5h Sharpness. Observe the shift of direction 
  for dimension 1.  

 
5i Tonality 5j Musician 

 
5k Saxophone 
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5l Specific loudness in critical bands (L). The index 

indicates mid critical band rate number. The 
specific loudness is scaled by 0.7. 

5m Specific roughness per critical band (R). The 
index indicates mid critical band rate number. The 

specific roughness is scaled by 0.5. 
 

Figure 5 Results of inclusion of acoustical variables in the PCA on perceptual variables. 
 
 
 
In Table 5 the R2x values for the acoustical variables are presented for the two dimensions. 
Note that the dimensions are slightly altered due to the introduction of the acoustical variable. 
This effect can be seen in the loading scatter plots in Figure 5. 
 
 
 

Acoustical variable R2x, dimension 1 R2x, dimension 2 
F-char 0.50 0.10 
F1 0.32 0.01 
F4 0.41 0.08 
F6 0.26 0.41 
Width 0.55 0.13 
Loudness 0.48 0.13 
Roughness 0.50 0.07 
Sharpness 0.45 0.16 
Tonality 0.43 0.06 
Musician 0.50 0.10 
Saxophone 0.01 0.44 

 
Table 5 The R2x values for the acoustical variables are presented for the two dimensions. 

Note that the dimensions are slightly altered due to the introduction of the added variable. R2x 
values above 0.30 in bold. 
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To be able to compare R2x values for specific loudness and specific roughness, the most 
diverging critical bands were evaluated by PCA on data sets with the values for each critical 
band being added to the perceptual variables one by one. The results are presented in Table 6. 
 
 
 
 

Acoustical variable R2x, dimension 1 R2x, dimension 2 
Loudness 8-9 Bark 0.40 0.20 
Loudness 9-10 Bark 0.25 0.31 
Loudness 10-11 Bark 0.11 0.39 
Loudness 11-12 Bark 0.50 0.19 
Loudness 12-13 Bark 0.07 0.19 
Loudness 13-14 Bark 0.40 0.11 
Roughness 5-6 Bark 0.44 0.25 
Roughness 6-7 Bark 0.10 0.20 
Roughness 7-8 Bark 0.02 0.36 
Roughness 8-9 Bark 0.00 0.44 
Roughness 13-14 Bark 0.44 0.03 
Roughness 14-15 Bark 0.11 0.10 
Roughness 20-21 Bark 0.41 0.06 
Roughness 21-22 Bark 0.50 0.25 

 
Table 6 The R2x values for specific loudness and specific roughness per critical band when 

introduced to the data set one by one. Note that the dimensions are slightly altered due to the 
introduction of the added variable. The R2x values above 0.30 are in bold. 

 
 
 
 

5 Discussion 
The acoustical variables with an R2x above 0.3 for each of the two dimensions are listed 
separately in Tables 7 and 8. The variables are assumed to be correlated by the physics of the 
saxophones. For example, playing louder will increase loudness; it will also increase the 
spectral width and hence the sharpness. A playing technique which gives a high spectral 
bandwidth will increase the total loudness and the roughness in the highest frequency range. 
The experiment was designed to find differences between the two musicians and the two 
saxophones. Dimension 1 separates the two musicians. Therefore, differences in playing 
technique between the musicians were separated by this dimension, e.g. if one musician 
played slightly louder than the other but with less roughness. Dimension 2 separates the two 
saxophones. Differences between the instruments were apparent in this dimension. 
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Dimension 1 (the musician-dimension) 
sharp, sharp/keen, rough soft, warm, full-toned 
F-char F4 
F1 Roughness 
Width Roughness 13-14 Bark 
Loudness Roughness 20-21 Bark 
Sharpness  
Tonality  
Loudness 8-9 Bark  
Loudness 11-12 Bark  
Loudness 13-14 Bark  
Roughness 5-6 Bark  
Roughness 21-22 Bark  

 
Table 7 Acoustical quantities describing dimension 1. This dimension contains the qualities 

that distinguish the two musicians. 
 
 
 

Dimension 2 (the saxophone dimension) 
E-like Non E-like 
F6 Loudness 10-11 Bark 
Loudness 9-10 Bark  
Roughness 7-8 Bark  
Roughness 8-9 Bark  

 
Table 8 Acoustical quantities describing dimension 2. This dimension separates the two 

saxophones. 
 
 
 
From this, the results can be summarised as follows: 
Musician 1 played sharper/keener/rougher than musician 0. In acoustical terms, musician 1 
played louder and with more sharpness but with less roughness. Musician 1 also generated 
higher partials, i.e. the spectral bandwidth was higher. This lead to a higher specific roughness 
in the highest critical band, 21-22 Bark. Musician 1 also created a frequency spectrum with 
more pronounced formants than did musician 0. 
 
Saxophone 0 was more E-like than saxophone 1. In acoustical terms, saxophone 0 had a 
higher frequency for formant 6 (F6), 13950 Hz, as compared to the13000 Hz for saxophone 1. 
Saxophone 0 was louder in the 9-10 Bark range (1081 Hz to 1268 Hz) and quieter in the 10-
11 Bark range (1268 Hz to1479 Hz) when compared to saxophone 1. It was rougher in the 7-9 
Bark range (765 Hz to 1081 Hz). This is the range where the second partial for the note 
played was located. 
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6 Conclusions 
The experiment was designed to find differences in describable sound quantities between two 
musicians and two saxophones. This resulted in the identification of two significant 
perceptual dimensions. One described differences between the musicians and the other 
described differences between the saxophones. This then led to the identification of verbal 
descriptions suitable for describing differences in sound between the musicians and between 
the saxophones. The objective of the study was to investigate how verbal descriptions 
commonly used by musicians can be interpreted in terms of acoustical quantities. A number 
of acoustical quantities significant for the two dimensions developed were identified. The 
results show that the experimental design was useful for relating perceptual parameters and 
acoustical parameters to a limited number of sounds. It is important to note that the perceptual 
dimensions, the acoustical parameters and the types of sound are related to each other. 
Therefore, the identified perceptual dimensions and acoustical quantities are useful for the 
task of distinguishing between two musicians playing on two saxophones of different brands. 
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