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Background

Based on the theory that the spectra of musical instrument
sounds have similar formant ranges as vowels, vowels play a
very prominent role in German-language timbre
descriptions [1-10]. This is not the case in English-language
literature, where formant ranges or vowels are rarely used to
describe instrument timbres.

The typical vowel assignments to the individual orchestral
instruments’ timbres found in literature can be summarized in
one table:

Table 1: Vowel similarities of musical instruments in the
low, middle and high register according to [11][5][8][10].

Low Middle High
Flute A
Oboe A, A
Clarinet I
Bassoon o
Trumpet A A
Trombone A
French Horn o
Tuba U
Violin O, A
Viola U 0] A
Violoncello U, 0 A A
Double Bass U, 0 A A

Research Question

Although there seems to be some agreement in the literature
about the vowel similarity of musical instrument sounds, this
has never been tested empirically in listening experiments.
Thus, we aim to provide empirical evidence whether vowel-
like qualities can be significantly observed in the timbre of
musical instruments as previously assumed in German-
language timbre descriptions.

Methods

In a listening experiment 64 participants (20 &, 37 @, 7 §, age:
18-45, @ 22 years) were presented recordings of the most
common Western orchestral instruments (flute, oboe, clarinet,
bassoon, trumpet, trombone, French horn, tuba, violin, viola,

cello, and double bass in three registers and two dynamic
levels each). Their task was to assign German vowels and
umlauts to the instruments* timbres and to rate the strength of
the perceived vowel similarity on a scale from 1 to 100. The
following method was used to measure the vowel similarity
according to the aggregated participant data: e.g. the
frequency of selections of the vowel “A” for the oboe sound
(playing E4 in ff) was multiplied by the sum of all strength
values set for this vowel. The same applies to the other vowels
selected by the participants for this sound. Correlations
between the vowel choices show, that the vowels “A” and “E”
were relatively often assigned to the same sounds (» = 0.779).
In all other cases, the correlations were much weaker. This
indicates that most of the included vowels represent distinct
qualities following different patterns of assignment.

Results

Fisher's exact tests were used to find out which vowels were
chosen significantly more frequently for a specific stimulus
than by chance by the listeners (considering Bonferroni
correction). This test was conducted 1) for individual sounds
(see Figure 1) as well as 2) for each group of stimuli
representing an instrument as a whole (see Figure 2).

Figure 1: Vowels (marked in color) chosen significantly
more often than random for individual instrumental sounds
(p values in brackets, Fisher’s exact test for the individual
stimuli). Find an interactive map with sound examples at
https://muwiserver.univie.ac.at/vowellike/v.htm




Figure 2: Vowels (marked in color) chosen significantly
more often than random for instrumental timbres. The
displayed numbers are the p values resulting from a Fisher’s
exact test for each instrument timbre as a whole.

A correlation analysis was carried out for the perceived vowel
similarity with regard to the spectral energy in the 1/3™ octave
bands of the corresponding musical instrument timbre (see
Figure 3). It turned out that the strongest positive correlations
were found at the respective vowel formant positions. This
indicates that the more an instrument sound is associated with
a certain vocal quality, the more it tends to have higher levels
in the corresponding formant ranges.

A comparison of the measured vowel qualities with the vowel
attributions found in literature (cf., Figure 1) reveals pitch-
and dynamic-dependent similarities mostly for the woodwind
and brass instruments, while there are almost no matching
vowel attributions for the string instruments. This can be seen
in individual pitches and dynamic levels as well as in
instruments as a whole (see figure 4).

Figure 4: Comparison of the perceived vowel similarity (left) to
the vowel similarity of musical instrument sounds described in
the literature (right).

Figure 3: Correlations (Spearman r) of the perceived vowel
similarity of musical instrument sounds to their 1/3™ octave
band spectra. The example of the tuba, whose sound (playing
A2 in pp) was significantly assigned to the vowel "O", shows
that its energy maxima in the 1/3™ octave bands spectrum
match with the third octave ranges whose energy content
corresponds positively with the frequency of the assigned
vowel "O". Similar patterns can be seen for the other vowels
and umlauts. Find an interactive map with sound examples
at https://muwiserver.univie.ac.at/vowellike/t.htm

Thus, it is visible in Figure 4 that — when it comes to the
musical instruments as a whole — vowel qualities are
particularly assigned to the double reed and brass instruments
in accordance with the observations in the literature ("A" to
oboe and trumpet, "A" to trombone, "O" to bassoon and
French horn and "U" to tuba). A closer look at the individual
sounds of the musical instruments reveals clearer vocal
qualities in pp. The flute and clarinet occasionally have "U"
sounds in their lower and middle register, while the high
register is often associated with the vowel "I" (this holds also
for violin and viola). While the sounds of the violin in the low
and middle registers are perceived as being similar to the
vowel "E" (in accordance with the results in [12]: “front
vowels”), the cello and double bass display almost no
significant vowel similarities.



Figure 5: Interactive visualization of the vowel similarities of
the instrument sounds in a vowel trapezoid (Formant 1 and 2 on
the X and Y axes) combined with — on the right side — a display
of the strength of the selected vowels, the formant ranges
detected in the spectrum as well as their third octave and octave
band spectra.

Since the instrument timbres with their respective vowel
assignments show patterns in their third-octave band spectra
matching the corresponding vowel formants in many cases,
they can also be projected directly onto a vowel trapezoid (see
Figure 5). In this representation, it becomes clear that the
timbres with predominantly assigned to the vowel "O" and
"A" can be mapped particularly well onto the vowel trapezoid,
while sounds with an "I" vowel quality are characterized
above all by an extraordinary high first formant, with the
result that they only have a relationship to the vowel "I" via
their second formant. This is due to the fact that the pitches of
these sounds are almost exclusively in the high register, which
means that the lower first formant typical for the vowel "I"
cannot be produced in these cases.

Conclusions

All in all, it can be stated that musical instrument sounds do
indeed have timbral vowel similarities. However, these are
more or less pronounced depending on the instrument,
register and dynamic level. Double-reed and brass instru-

Scan the QR code, to explore this figure
interactively at https://muwiserver.univie.ac.
at/vowellike/ and move the mouse over the
individual points to hear the sound examples.
Individual instruments can be shown/hidden
using the buttons at the bottom.

ments in particular have clearly recognizable vocal qualities,
which also correspond to the information found in the existing
literature. This also applies to a more limited extent to the
clarinet. Vowel qualities are particularly evident in the pp of
the wind instruments, while string instruments (especially
violoncello and double bass) show almost no timbral
associations to vowels. Since the energy distribution in the
1/3" octave bands of musical instrument sounds often
corresponds to the formant ranges of the vowels assigned to
them, these timbres can also be visualized on a vowel
trapezoid. Here, particularly the "A"- and "O"-like timbres
have positions corresponding to their respective formants.
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