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ABSTRACT 
Four-track recordings were made of the song Paper Moon as sung by an elite Swedish barber-
shop quartet. Each part was recorded spoken, singing alone, and in quartet. Each singer had a 
small microphone taped on his nose, giving low crosstalk in ensemble. Three replications were 
made of each condition. Using inverse filtering, the lowest four formants were measured for the 
vowels /u/, /i/ and /a/. The results suggested that the singers sought to separate their own 
formants from the others. Since the intonation in barbershop singing is of utmost importance, it 
is possible that the singers spread their formants in order to hear themselves better, which 
facilitates intonation. Half of the measured formant frequencies were on, or very close to, a 
partial of the current singer. Among the other half of the formants, some were fairly close to a 
partial, or there appeared to be a particular reason why they could not be close to a partial. 
Hence, it is also possible that the singers tuned their formants close to their own partials in 
order to enhance the 'lock-and-ring' effect. The spreading of the formants appeared to be of 
higher priority than the tuning the formants on partials. 
 
INTRODUCTION 
Barbershop is a music style performed a cappella that originates from the USA. It is always 
sung in four voices, quartets or choirs, male or female (but not mixed). No scientific findings on 
formants in barbershop singing have been published before. In the only acoustical study on 
barbershop so far [1], the singers’ intonation in two male quartets was examined. They found 
that the intonation accuracy was very high, and that the singers tuned their intonation relative to 
the lead in the first place and relative to the bass in the second place. Here, the formant 
frequencies were examined of the male Swedish quartet Absolut, ranked in 2004 as the 33rd 
best quartet in the world.  

Barbershop has a characteristic sound that differs from other a cappella repertoire; and barber-
shoppers are arguably the most acoustically aware of ensemble singers. They invest great 
effort into perfecting their singing according to the barbershop idiom, which can be summarised 
as follows: 
• Barbershop singing is always a cappella in four voices: bass (Bs), baritone (Br), lead (Le), 

and tenor (Te). The bass is the lowest voice and the tenor the highest. The lead carries the 
melody, except for occasional break-ins by the tenor or bass. The lead also is the strongest, 
followed by bass, baritone, and tenor being the softest. In male barbershop, the tenor sings 
most of his tones in falsetto.  

• The melody of a barbershop song is clear and simple, with harmonies that typically move 
counter-clockwise around the circle of fifths. The melodies are usually Caucasian American 
popular tunes from the 1920’s and 1930’s. 

• The rules for how a song is to be arranged in the style are intricate and strict [2], [3]. 
• All four voices sing the lyrics, not sound-syllables such as ‘doo’. This is not a rule, and 

exceptions are very common, for example in upbeats sung by the lead or the bass. 
• For intonation and consonance, vibrato is avoided. Limited and well-controlled vibrato may 

be used by the lead when he wants to sound particularly expressive. 
• Unlike choir singing, no chorus effect is strived for; rather, the goal in barbershop is to sound 

like one voice singing all four parts in harmony. 
• A barbershop song ends with a ‘tag’ of long notes, leading up to a final, extended major triad 

fermata. Often the lead or the bass holds a very long note (over ten seconds), while the 
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other singers sing a few chords before reaching the final fermata. The tag is usually sung in 
fortissimo and the singers strive to reach a ‘lock-and-ring’ effect by very precise intonation. 
The term ‘lock-and-ring’ means that some common partials become so strong that the 
listener can perceive a ‘ringing’ sound. 

• Most barbershop songs begin with an ‘intro’, often with a different melody from the rest of the 
song. The intro usually ends like a tag, but it includes fewer chords, is not as loud, and is 
performed with less extended fermatas. 

 
Barbershop formants are interesting for several reasons: the pure settings with only four har-
monies with all singers singing the lyrics, the strict guidelines for scoring highly in competitions, 
and the prized ringing chords. All these are likely to make the tuning of formants a central 
aspect of creating the barbershop sound. In choir singing it is usually a goal for all singers to 
produce a given vowel with a similar pronunciation. The same may hold for barbershop singing, 
but it may also be that barbershop singers use other strategies for tuning their formants. The 
tuning of the formants in tags should be especially interesting, since the singers then have 
ample time to adjust their formants. 
 
METHOD 
Recordings 
A pilot recording was made first, to verify the procedures prior to the experiment proper. Then, a 
main recording session was held, with one barbershop quartet; and a supplementary session 
with the lead singer only. In all sessions, each singer had a small directional microphone taped 
onto his nose tip [4]. In addition, an omnidirectional microphone was used for recording the en-
tire quartet. The recordings were made in an absorbent but not anechoic recording studio. In the 
main session, there were three conditions: singing alone, singing together in quartet, and 
speaking the lyric. All recordings were replicated three times. The starting tone was given from a 
precision pitch pipe before every ensemble recording and before most of the individual record-
ings. Each singer sang individually his part of a 20 seconds long intro to Paper Moon and then 
the last 35 seconds of the same song, including the tag. The instructions for the singers were to 
sing their part as they would sing it in the ensemble. When the quartet sang together, they were 
asked to sing all of Paper Moon as they would normally perform it in a competition. Finally, each 
singer also spoke the lyrics out loud, as if reading the text to a small crowd of people. To 
minimize crosstalk between the singers’ microphones, each singer was placed in a corner of the 
studio (nearly rectangular, 4.8 × 3.4 m), in their habitual relative posisitions. According to the 
singers, the positioning was satisfactory and realistic. They commented also that the absorbent 
room acoustics felt unusual and far from optimal, but acceptable. The supplementary recording 
was made with only the lead singer, who performed the lead voice in some different tags, 
including the tag that he sang the first time. 
 
Analysis 
For the vowels in the words “to”, “be” and “divine”, all three replications were used. The 
examined vowel in “divine” was a fermata, in which two different chords were sung, and the 
formants were therefore measured at two different points in time in each recording. 
Furthermore, “love” was the final word in the tag and the vowel was therefore extremely long 
(10.5 s for the lead and 5.5 s for the rest of the singers). Formant frequency trajectories were 
measured by inverse filtering applied every 100 ms, or every 50 ms if the formants changed 
more rapidly, throughout the duration of the vowel in the word “love”, from the beginning to the 
end. The same time points were used for all singers. The optimal point was considered to be 
when all singers’ formants (in spectrograms) seemed to be stable. If the chord was not too 
short, a point in time late in the chord was chosen, since the singers would then have had more 
time to ‘tune’ their formants. 
 
The audio was first downsampled from 44100 Hz to 14700 Hz. The formant frequencies were 
then measured manually with the program Decap. This requires training that is out of scope for 
this paper. The accuracy was tested by having a second person (Johan Sundberg) inverse filter 
nine of the samples that had already been inverse filtered by author GK. Some of these 
formants were affected by nasality, and some by leakage. The median difference between the 
measurements of the two operators was about 2%. Formants 1-4 were analyzed in this study.  
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In determining the formant frequencies, a number of problems and sources of error were en-
countered. One was the tenor singing in falsetto, for which the flow waveform has virtually no 
closed phase – no formants could be determined when the tenor sang in falsetto; in fact, only 
the vowel in “to” could be analyzed. Another problem was occasional nasality, which creates 
zeroes in the vocal tract transfer function. In Decap there is no possibility to compensate for 
those zeros, so the accuracy in the formant frequencies was slightly reduced. Furthermore, 
although steps were taken to prevent leakage of sound between the singers’ microphones 
(crosstalk), it was not eliminated. Crosstalk from one singer to another was at worst about 
-25 dB, and usually between -30 and -40 dB. In the tag, all singers sang very loudly, especially 
the lead, and this made the leakage between the singers rather large. However, all sound that 
lies in between the harmonics can be filtered out without affecting the periodic sound signal. 
Therefore, the waveforms of the lead, the baritone and the bass were filtered with several care-
fully designed multiple band stop filters. As a result, both the lead’s and the baritone’s filtered 
signals sounded cleaner, and looked better after inverse filtering. Finally, below 190 Hz the 
directionality of the microphones caused a phase shift that made the zero-flow closed phase 
appear tilted instead of horizontal. This was not a serious problem, since the closed phase was 
still represented by a straight line. Low frequency implies a long closed phase and dense 
partials in the spectrogram, and these factors facilitate the measurement of the formants. 
 
To assess the tuning of the formants in relation to the partials, the fundamental frequency of all 
singers was determined for selected tones (“divine,” “be,” “love”). Like the formants in the tag 
(“love”), the fundamental frequency was determined at 100 ms intervals. This was done by 
observing the frequency of some high partial in the line spectrum and dividing it by the partial 
number.  
 
RESULTS 
A great many aspects of the formant frequency adjustments were analyzed [5]. Due to limited 
space, only the major findings and some interesting examples are reported here.  
 
Variability 
Within subjects and within vowels, the differences in formant frequencies between the three 
replications were generally considerably smaller than the differences between conditions (sung 
alone, sung in quartet, spoken). This means that the conditions induced greater variation in the 
formants than did the chance variability across replications; and that each singer tended to use 
different formant patterns in the three conditions. The intra-subject differences across replica-
tions were also much smaller than the inter-subject differences (within vowels). This means that 
each singer had a personal set of formant frequencies for each vowel.  
 
Formant trajectories in the ‘tag’ 
The F0 and Fn results for the tag are shown in Fig. 1. The lead held one tone, while the other 
singers sang some different chords before reaching the final fermata, which starts after 5.6 
seconds. The final chord is a major triad with the mean F0 values: 202.7 Hz, 303.3 Hz, 403.8 
Hz, and 508.4 Hz (Ab3, Eb4, Ab4, and C5); remarkably, about -40 cent from the target tone for 
the tenor, and about -50 cent from the target tones for the rest. This consistent drop may be due 
to enharmonic modulations [6], as the singers were superbly tuned. From Fig. 1 it is concluded 
(1) that the singers separated their formants from each other, and (2) that they often tuned their 
formants close to partials that always were common with at least one additional singer. 
The lead’s formants behave differently before and after the final chord. The first formant stays 
near 850 Hz throughout the whole tone. It matches his own second partial, making it very 
strong. F2, F3 and F4 tend to adjust to the chords that are sung.  
The baritone’s first formant is very stable at around 635 Hz, about 30 to 40 Hz above his 
second partial. F2 is also quite stable, and starts (5.6-7.1 s) near the fourth partial at about 1215 
Hz. It then rises to stay about 20 Hz above the partial for the rest of the tone (7.5-11.0 s). The 
baritone’s fourth partial is common with the lead’s third, and the bass’s sixth partials. F3 is not 
as stable as his first two, but still more stable than F3 of the other singers. At just above 1900 
Hz, it is not close to any partial. F4 is fairly stable around his eighth partial at about 2430 Hz, 
and coincides with the lead’s sixth and the bass’s twelfth partials. 
The bass’s F1 is not particularly stable, between his third and fourth partials, just below 700 Hz. 
F2 is more stable than F1. F2 is beneath, but very close to the baritone’s F2 at the start of the 
final tone (5.6-6.4 s), also near his sixth partial at 1215 Hz. F2 then drops about 30 Hz to about 
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60 Hz below the partial for the rest of the tag. F3 becomes reasonably stable on or below his 
tenth partial, which is shared with the lead’s fifth partial. F4 is the most stable of all the bass 
formants, and its relative variations are very small. It matches his fourteenth partial, which is 
shared with the lead’s seventh partial. 
 

 
Figure 1: Formant trajectories and partial tone frequencies in the ‘tag’ of Paper Moon. 

 

 
Fig 2: Formants F1 and F2 for “to” sung in 

quartet, three replications. 
Fig 3: Formants F3 and F4 for “to” sung in 

quartet, three replications. 
 
Other observations on formant frequencies 
A clear-cut example of spread formants is on the vowel in “to” (figs 2 and 3): the formants of all 
singers are systematically separated from each other in nearly all replications. Indeed, it is 
thought-provoking that the vowel identity of the combined sound was unambiguous. All formants 
of lead, baritone and bass are consistent from attempt to attempt. The tenor was less 
consistent. 

 
 

19th INTERNATIONAL CONGRESS ON ACOUSTICS – ICA2007MADRID 
4



 

For all formants, there was an obvious difference between singing alone and in quartet, for most 
vowels. The singers were more agreed on F1 and F2 in quartet than when singing alone, while 
for F3 and F4 the outcome was variable. Figures 4 and 5, for the vowel in “be”, again show how 
the singers each tended to occupy separate regions of formant space, and also that, on this 
vowel, formants in speech were different from those in singing.  
 

 
Fig 4: Formants F1 and F2 for “be”: spoken, 

alone, and in quartet, three replications. 
Fig 5: Formants F3 and F4 for “be”: spoken, sung 

alone, and in quartet, three replications. 
 
DISCUSSION 
Formant separation 
In the tag, the singers started off tuning some of their formants very close to each other, but 
then separated them. Perhaps when the singers had time to adjust their formants, they chose to 
spread them apart. In two of these cases (F3, baritone and bass; and F4, lead and bass), the 
singers separated their formants immediately; while for F2, baritone and bass it took almost a 
second. This temporal aspect may explain why formants in some other examined vowels were 
not separated. It was not the personal differences in formant frequencies that created the 
spread, since the spoken formants generally were much closer to each other than the sung 
ones. This contrasts with choirs, where it is usually the other way round – singers strive to form 
their vowels in the same way [7]. 
 
If the singers sought to separate their formants, one may ask why F1 and F2  tended to be more 
separated when singing alone than in quartet. That fact would rather suggest that the singers 
bring the formants closer together when given the opportunity to tune in to each other. However, 
the wide separation of the formants in the individual recordings may be an effect of the instruct-
ions the singers were given: to perform their part as they would sing it in the ensemble. Then, 
when singing alone they exaggerated their way of singing (which would probably not be optimal 
for the ensemble sound), instead of focusing on making the total sound as good as possible. A 
conclusion that can be drawn from the tuning of the individually recorded formants is that the 
singers must have learned how to tune their formants in order to keep them separated from 
each other. This is of course expected, since barbershop quartets practice very hard to achieve 
an optimal sound. 
 
As an opposite of the learning, the separation of the formants also seems to be spontaneous. 
One example of that is the earlier mentioned effect in the tag, when the singers’ formants start 
at the same frequency, and then move apart as the chord is established. Another is the 
observation that two singers sometimes switched formant placements with each other between 
two replications (e.g., the lead and bass F2 in “be”). 
 
Having concluded that the singers separate their formants from each other, an inevitable 
question then is: why do they separate them? One answer could be that, since the intonation in 
barbershop singing is of extreme importance, it is likely that the singers spread their formants in 
order to hear themselves better, which facilitates intonation. Another reason for the spread may 
be an effort by the singers to make the sound appear greater and more expanded. This may be 

 
 

19th INTERNATIONAL CONGRESS ON ACOUSTICS – ICA2007MADRID 
5



 

a reason why barbershop quartets, with only four voices, are able to generate such a rich and 
mellow sound. 
 
Tuning of formants to partials 
In the extended fermata that concluded the tag, half of the twelve measured formant trajectories 
were on, or very close to, a partial of the current singer. Among the other half, some were fairly 
close to a partial, and for some there appeared to be a particular reason why they could not be 
close to a partial. Further, the measures made on the tag also showed that the formants were 
tuned only to partials common with at least one partial of an additional singer. The reason for 
this would be a desire to enhance the consonance of the sung chord, or the ‘lock-and-ring’ 
effect. Strong common partials would also facilitate intonation. If singers strive both to spread 
formants and to match them to partials, then the results suggest (1) that spreading is of higher 
priority than common partial matching; and (2) that the combined strategy may serve to expand 
maximally the sound in a perceptual sense, by distributing energy across more critical bands.  
 
CONCLUSION 
Although the observed material was rather small, it appears that the singers in the examined 
barbershop quartet sought to separate their first four formants. The formants were usually 
spread wider in song than in speech, which is the opposite of how choir singers tune their 
formants [7]. Since the intonation in barbershop singing is pivotal, it is likely that the singers 
spread their formants in order to hear themselves better, which facilitates the intonation. 
Another reason for the spread may be an effort by the singers to make the sound appear larger 
and more expanded. It appears that the spreading of the formants is of higher priority than 
tuning the formants on common partials. Quartets may be able to apply the results of this study 
by adjusting their vowel quality. By making each singer’s vowel quality slightly different, 
separation of the first two formants may be achieved. 
 
These results are tentative and more quartets should be analyzed for their substantiation; as 
should the progression of formants in other tags, with different chords, and in different keys. It 
could be useful also to synthesize sung barbershop chords, and ask experts to determine the 
best tuning of the formant frequencies. Automatic estimation of the formants would be valuable, 
since manual inverse filtering is very tedious.  
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