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Vocal Mutation in Singing Boys:
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ABSTRACT Objective: The aim of this study is confirmation of the
two assumptions: 1) The possibility of using computerized acoustic
speech analysis of singing boys to determine the onset of mutation; 2)
The ability to monitor the mutation process remotely using a smart
phone. Material and Methods: Thirty singing boys from two groups
were examined. The first group consisted of 15 subjects aged 11 years
10 months to 12 years 4 months. The second group consisted of 15 subjects aged 12 years 10 months to 13 years 2 months. The investigation
included laryngoscopy and an acoustic test. Fundamental frequency of
speech (SF0) was determined using computer program Praat. Adolescents read standard text for 10-15 seconds. In 10 adolescents from the
second group, who had difficulty while singing high notes, the mutation
was monitored remotely. For this purpose, the text was recorded by the
adolescent on a personal smartphone 4 times per year at 3 months’ intervals. The sound files were sent via the Internet to the acoustic laboratory for SF0 estimation. Results: It was found that the mean SF0
value in subjects of the second group was lower than in subjects of the
first group. This could be considered as the beginning of a mutation in
the majority of adolescents of the second group. Remote monitoring of
the mutation revealed a decrease in SF0 magnitudes in all subjects during 9th to 12th month. Conclusion: Acoustic speech analysis is suitable
for determining the onset of vocal mutation in singing boys. This process can be monitored remotely using smartphones.

ÖZET Amaç: Bu çalışmanın amacı iki varsayımın doğrulanmasıdır:
1) Ses değişiminin ortaya çıkışını belirlemek için kompüterize akustik
konuşma analizinin kullanılmasının olabilirliği; 2) Akıllı telefon
kullanılarak ses değişimi sürecinin uzaktan gözlenebilirliği. Gereç ve
Yöntemler: İki gruptan 30 çocuk değerlendirildi. İlk grup yaşları 11
yıl 10 ay ile 12 yıl 4 ay arasında olan 15 çocuktan oluşuyordu. İkinci
grupta 12 yıl 10 ay ile 13 yıl 2 ay arasında 15 çocuk yer alıyordu.
Araştırma laringoskopi ve akustik testten oluşuyordu. Temel konuşma
frekansı (TKF) Praat bilgisayar programı kullanılarak belirlendi.
Adolesanlar standart metni 10-15 saniye okudular. İkinci gruptan yüksek notaları okumakta zorlanan 10 adolesanda ses değişimi uzaktan
gözlendi. Bu amaçla, metin adolesan tarafından her yıl 3 ay aralarla
4 kez akıllı telefona kaydedildi. TKF belirlenmesi için, ses dosyaları
İnternet üzerinden akustik laboratuvarına gönderildi. Bulgular: Ortalama TKF değerinin ikinci gruptakilerde birinci gruptakilerden daha
düşük olduğu bulundu. Bu, ikinci gruptaki adolesanların çoğunda ses
değişiminin başlangıcı olarak düşünülebilir. Ses değişiminin uzaktan
gözlemlenmesi tüm deneklerde 9.-12. aylarda TKF büyüklüğünde bir
azalma olduğunu ortaya koydu. Sonuç: Şarkı söyleyen erkek çocuklarda ses değişiminin ortaya çıkışını belirlemede akustik ses analizi
uygundur. Bu süreç akıllı telefon kullanılarak uzaktan gözlemlenebilir.
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Vocal mutation occurs due to hormonal
changes in the body and leads to the rapid growth of
the larynx. In girls, the vocal folds become longer
by 3-4 mm, and in boys the vocal folds become
longer by 10-12 mm. The thickness of the folds also
increases. In boys, the mutation begins at about 13

years old, in girls at 11-12 years old. Prior to this
period, the fundamental frequency of speech (SF0)
is the same for both boys and girls, and is around
235-250 Hz. During the mutation, SF0 decreases
due to an increase in the mass of the vocal folds. In
boys, this process lasts from 6 to 12 months. At this
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time, SF0 decreases by an octave and averages 125
Hz. In girls, the mutation lasts 3 to 6 months and
occurs unnoticed. SF0 decreases by 3-4 semitones
and is around 230 Hz.

MATERIAL AND METHODS
SUBJECTS
Thirty healthy boys singing in various vocal ensembles were examined. They were divided into two
groups. The first one included 15 boys aged 11 years
10 months to 12 years 4 months. The second one included 15 boys aged 12 years 10 months to 13 years
2 months. Ethics committee approval was obtained
for the research from Krasnoyarsk Medical University. Permission was obtained from the director of the
music school where this study was conducted.

For singing boys, a mutation is a signal to stop
vocalizing, since singing at this time can disrupt the
physiological development of the voice.1 An actively
occurring mutation is easy to identify by ear. A significant decrease in SF0, hoarseness, phonation in the
chest and falsetto registers are its signs. Examination
of the larynx frequently determines the appearance of
acute laryngitis. Meanwhile, pubertal changes in the
voice do not occur immediately and have three periods: premutation, mutation and postmutation. It is
very difficult to determine premutation subjectively
by ear. According to Wilson et аl., even experienced
musicians can detect a difference in SF0 only when it
is at least 25.08 Hz.2 In vocal pedagogy, it is very important to define the premutation, when any signs of
this phenomenon are not yet subjectively or laryngoscopically detected.

This study was carried out in accordance with
the Helsinki Declaration principles.

MEASUREMENTS
To test the first assumption, all subjects underwent
indirect laryngoscopy. SF0 was determined using a
Hewlett-Packard 630 laptop, Pentium B960, 2.2 GHz
and soft packet Praat.9 The boys read the standard text
at a comfortable frequency and volume for 10-15 seconds. An external microphone Gembird EMIC-111
was used for this goal. The distance between the microphone and the subject was 25-30 cm. The obtained
data were statistically processed using the student ttest and are shown in Table 1. Statistical significance
was defined using p values less than 0.05.

Singing teachers, boys and their parents are actively interested not only in the beginning of the mutation, but also in its course and completion. To
accomplish this, they need to periodically visit the
phoniatrician where they undergo the acoustic voice
analysis which is mandatory for assessing the vocal
ability of the larynx.3

To test the second assumption, 10 boys were selected from 15 subjects of the second group. All of
them noted difficulties with singing high notes. This
allowed to predict the beginning of a mutation, so
singing was forbidden.The text was recorded by the
teenager at home using the recording capabilities of
a personal smartphone. After that, the sound file was
sent over the Internet to an acoustic laboratory to determine SF0. The resulting file was converted to the
“WAV” format which was used by Praat. The con-

In recent years, a large number of smartphones
that are equipped with voice recorders have appeared.
Given the comparable technical characteristics of
acoustic computer programs and smart phones, the
latter can be used to record voice and speech samples
for the purpose of their further computer analysis.4-6
In this case, the signal recorded by the microphone
of one digital system (smartphone) is analyzed by another digital system (computer program). Ambient
noise is a major factor negatively affecting the accuracy of acoustic voice analysis, but it has minimal impact on SF0.7,8 Therefore, to determine the SF0 does
not require a well-damped room. The present study
was carried out in order to solve two tasks: (1) confirmation of the assumption that the mutation begins
with a decrease in SF0 values; and (2) the possibility
of remote monitoring of this process.

TABLE 1: Fundamental frequency of speech data from 30
adolescents to determine the onset of mutation (in Hz).
Groups

n

Range

Мean

SD

1

15

193-265

232.6

21.1

2

15

182-234

207.3

17.7

SD: Standard deviation.
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TABLE 2: Fundamental frequency of speech data of 10 adolescents obtained by monitoring the process of a mutation (in Hz).
Test number

Subjects
1

2

3

4

5

6

7

8

9

10

1

200

190

200

195

200

180

190

185

190

196

2

175

165

170

163

155

152

160

153

160

166

3

150

148

150

147

140

124

130

130

136

138

4

125

130

115

135

120

124

130

130

120

138

creased from 185 Hz to 130 Hz over 9 months. The follow up investigation of this adolescent did not reveal
any further decrease in SF0. This magnitude remained
at 130 Hz. In subject № 9, SF0 decreased from 190 Hz
to 120 Hz over 12 months. In subject № 10, SF0 decreased from 196 Hz to 138 Hz over 9 months. The
follow up investigation did not reveal a further decrease in SF0. SF0 value remained at138 Hz.

version was carried out using the online converter of
sound files https://online-audio-converter.com/ru/.
Monitoring was performed 4 times during the year at
3 months intervals. The obtained data are shown in
Table 2.

RESULTS
The results of the study showed that none of the subjects complained of hoarseness. Examination of the
larynx did not reveal any deviations from the norm
in any of the subjects. Analysis of the data in groups
1 and 2 found significant intergroup variability of
SF0 values (Table 1). In the first group, the range of
the variants was between 193 Hz and 265 Hz. In the
second group, the range of the variant was between
182 Hz and 234 Hz. The average SF0 value in the
first group was 232.6 Hz, which closely corresponded
to the note A # 0 (233.1 Hz) of the musical scale. The
average SF0 value in the second group was 207.3 Hz
and closely corresponded to the note G # 0 (207.7 Hz)
of the musical scale. The difference in these SF0 values
was statistically significant (p<0.05) and was 25.3 Hz,
which equals two semitones.

Determining the degree of dysphonia during a
mutation was not performed in this study. Meantime
a perceptual assessment of speech samples was carried out. None of the adolescents had significant
hoarseness. This could be explained by the fact that
the mutation in singing boys passes, as a rule,
smoothly and without obvious signs of mutational
laryngitis.1

DISCUSSION
SF0 is an important indicator of the biomechanical
characteristics of the vibration of the vocal folds and
is the sum of the frequencies of all sound waves divided by their number.10,11 Increase or decrease in SF0
occurs with various functional and organic diseases
of the larynx.12-14 Few scientific papers are dedicated
to puberty changes in the voice. But one of them allows to create a model to obtain information about
the beginning, duration and end of the mutation process.15 Determining the first onset of a mutation is
quite difficult. For this purpose, the phonetography
method and the measurement of testosterone levels
in the bloodwas used.16,17 Willis EC and Kenny DT
found a correlation between the increase in body mass
of adolescents and the change in the range of their
voices.18 So, with a body weight of 42.7-44.9 kg, the
range was between 117 Hz and 216 Hz. If the body
weight exceeded 54.8 kg, the range was between 99.5
Hz and 151 Hz.

During the remote control of the mutation, decrease in SF0 magnitudes was determined in each of the
10 boys (Table 2). In subject № 1, SF0 decreased from
200 Hz to 125 Hz over 12 months. In subject № 2, SF0
decreased from 190 Hz to 130 Hz over 12 months. In
subject № 3, SF0 decreased from 200 Hz to 115 Hz over
12 months. In subject № 4, SF0 decreased from 195 Hz
to 135 Hz over 12 months. In subject № 5, SF0 decreased from 200 Hz to 120 Hz over 12 months. In subject № 6, SF0 decreased from 180 Hz to 124 Hz over 9
months. The follow up investigation of this boy did not
reveal any further decrease in SF0. SF0 remained equal
to 124 Hz. In subject № 7, SF0 decreased from 190 Hz
to 130 Hz over 12 months. In subject № 8, SF0 de135
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SF0 no longer occurs, the main part of the mutation
is over.

Fachs et al. were the first to use acoustic voice
analysis to determine the onset of voice mutation in
singing boys.19 According to their data, the beginning
of the mutation can be determined by acoustic parameters, including SF0.

CONCLUSION
1. SF0 measurement is suitable for determining
the onset of voice mutation in singing boys.

The results of our study confirmed the data of
Fachs M et al.19 The main advantage of the method is
its non-invasiveness and simplicity. Any vocal teacher
who has certain computer skills can independently determine the SF0 of their students. This requires a simple computer and any program that can extract the
SF0. It is advisable to conduct a periodic check of SF0
in boys at set periods of 3-4 months from the age of
11. To standardize the study, three conditions are necessary: 1) use the same computer, soft packet, and microphone; 2) reading the same text in a quiet
environment is required; 3) the adolescent should not
have respiratory diseases. A decrease of two semitones
can be considered as the beginning of mutation. From
this moment, teachers should reduce the vocal load,
but not stop it completely, since about 6 months elapse
before the start of the main phase of mutation.19

2. Monitoring of SF0 changes can be carried out
remotely using smartphones.
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