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Abstract
The acquisition of musical skills is a natural process for children and wide evidence supports positive 
effects of music-related activities on their emotional regulation, mood and cognition. By the age of one 
year, the child begins to imitate songs or simple melodies and his musical skills progress during infancy 
until he becomes able to sing in tune and maintain a consistent rhythm, allowing him to participate in 
group music activities, such as choirs, bands, or classroom musical games. On the other hand, singing 
is a challenge to the fragile anatomy of the vocal apparatus of the child and vocal pathologies are very 
common in general children population. Evidence on this topic is very limited, but two studies support 
lower levels of dysphonia in the young singers. A proper musical education is of course the best way 
to introduce the child to singing through the discovery of the voice as a means of expression, without 
inducing tension or effort in the vocal production apparatus. Particularly during the voice change in 
puberty, a careful management of the singer’s voice is required from the singing teacher, according to 
progressive voice mutation. Anyway, at the first signs of vocal fatigue, it is important to refer the child to 
an ENT or phoniatric evaluation and, if necessary, speech therapy.

Keywords: Speech and voice disorders, Children, Singing development, Speech and voice therapy, Voice 
mutation.

Children and Music
Music, instrumental or vocal, represents 

a universal human behaviour, all over the 
world. Several studies confirm that singing 
and other musical activities are often an in-
tegral feature of pre-school children’s lives, 
both at home and in their local communities 
(Papageorgi et al., 2022). Even before being 
born, the baby, still in the mother’s womb, is 
cuddled by the mother’s singing. Responses 
to vocalization are documented between the 
22nd and 24th week of fetal development 
(Woodward et al., 2017). Undoubtedly, if spo-
ken language can be considered the most 
efficient means of supporting human com-
munication, musical language is certainly the 
one that best conveys feelings and emotions, 
as confirmed by several studies. Confirming 
this is the maternal caress which - in the con-
text of a serene motherhood - is carried out in 

a substantially musical way. Infants pay more 
attention to the wider pitch range of moth-
erese (the special sing-song way in which 
parents vocalize to their infants) than to the 
typical of regular speech (Cooper et al., 1994). 

Wide evidence supports positive effects of 
music-related activities on emotional regula-
tion as well as on mood, stress reduction and 
social behaviours encouragement in children 
(Grebosz-Haring et al., 2024). The activation 
of several neural networks in musical activ-
ities, including the midbrain, area involved 
in the management of emotions and moti-
vation, has been demonstrated by means of 
neuroimaging studies as well (Panksepp et 
al., 2002). Beneficial effects of musical abili-
ties acquisition have also been observed in 
the fields of cognition, improving concentra-
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tion, memory, coordination and language ac-
quisition (Speranza et al., 2022). 

Evolution of musical skills in children is a 
fascinating developmental process: infants 
around 6-9 months begin to move rhythmi-
cally to music, such as bouncing or clapping. 
They also react emotionally to music, show-
ing excitement or calmness depending on the 
tempo and type of sound.

By the age of one year, they may begin to 
imitate songs or simple melodies they hear. 
At 2-3 years they begin to imitate - with ap-
proximation regarding rhythm and melo-
dy - the songs they hear from caregivers, 
shows or toys. At preschool age children’s 
singing becomes more tuneful, and they can 
match pitches more accurately. As children 
start school, their ability to sing in tune and 
maintain a consistent rhythm improves sig-
nificantly, allowing them to sing songs with 
a wider range of notes and more complex 
rhythms. They can sing songs with a wider 
range of notes and more complex rhythms, 
often participating in group music activities, 
such as choirs, bands, or classroom musical 
games. This teaches them collaboration, lis-
tening skills and the ability to follow a conduc-
tor or leader. During middle childhood most 
children can sing in tune with greater accu-
racy and across a wider vocal range. Their 
pitch-matching ability improves, allowing 
them to sing more complex melodies. With 
formal training, children at this stage start to 
develop vocal techniques such as breath con-
trol, articulation, and resonance. 

Based on these considerations, singing 
from infancy needs to be considered as more 
than a simple opportunity and it must also be 
accounted into the frame of the development 
of larynx from the childhood to adolescence. 

The pediatric larynx 
On the other hand, singing is a challenge to 

the fragile anatomy of the vocal apparatus of 
the child due to several reasons:
•	 vocal fold length is smaller: in the child 

under one year of age the mean total 
length is 7.7 mm for males and 7.4 for 
females, but the muscular (vibrating) 
portion of the chord is much shorter: 
4.9 for males and 4.4 mm for females. 

Subsequently the vocal fold will grow 
0.7 mm / year (Rogers et al., 2014) with 
a progressive increase in the muscular 
component compared to the cartilagi-
nous one,

•	 the layered structure of the vocal folds 
is not differentiated in newborns and 
young children and there is no ligamen-
tous structure in newborns, with an im-
mature one emerging between the age 
of 1 and 4 years (Sapienza et al., 2004),

•	 the infant larynx, in addition to being 
smaller, is more compact with less possi-
bility of tilting of the thyroid cartilage on 
the cricoid, leading to less possibilities of 
frequency regulation,

•	 the smaller dimensions of the cervical 
tract result in a smaller amplitude of 
the resonance tract. The consequences 
concern not only the obvious reduction 
of signal amplification, but also the dec-
rement of the sluggishness of the air col-
umn that in adults has facilitative effects 
on chordal vibration (Titze 2006).

Such features of the prepubertal larynx ex-
pose children and adolescent singers to la-
ryngeal pathologies, even more than adults. 
As in adults, the nosological mechanisms are 
derived from mechanical stress in phonation: 
tensile stress (required for pitch increase) 
and impact (collision) stress: both have the 
potential to damage the epithelium of the vo-
cal folds, also taking into account the higher 
fundamental frequency of children (Fuchs et 
al., 2008). 

On the other hand, this condition of laryn-
geal fragility puts at risk of laryngeal pathol-
ogies regardless of singing activities. Vocal 
pathologies are very common in general chil-
dren population (6–23% of children according 
to the Garcia Martin study) mainly due to vo-
cal effort. Phonotrauma may occur because 
of psychosocial factors such as hyperactivity 
or impulsiveness, besides previous history of 
excessive crying, which are rather common 
among the child population. Even during lei-
sure activities children frequently increase 
their voice intensity, resulting in laryngeal 
effort and in cervical muscle tension. Males 
appear to be more exposed to vocal pathol-
ogies, due to a more impulsive ed aggressive 
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behaviour during childhood. These vocal hab-
its characterize hyperkinetic or musculoskele-
tal dysphonia in children leading to vocal nod-
ule development (Martins et al., 2012). 

So, what to think? Does singing in pre-pu-
bertal age protect or expose to vocal pathol-
ogies?

Scientific research is extremely poor on this 
topic, with only two studies. The first paper 
(Williams at al., 2005) has observed that cho-
risters probably have higher levels of tem-
porary and low-level vocal fatigue than the 
‘‘normal’’ non-professional singing boy, but, 
on the other hand, the choristers have shown 
lower levels of severe dysphonia. The second, 
by Dejonckere et al (Dejonckere et al., 1996), 
showed a significantly better periodicity of 
the fundamental frequency in the young sing-
ers, due to better mechanical characteristics 
of vocal fold vibration. 

This data supports what speech therapists 
empirically observe in their clinical prac-
tice: the child’s vocal education is defensive 
against dysfunctional laryngeal pathologies, 
inducing in the child a greater awareness of 
their own use of the voice. Hence the great 
responsibility of singing teachers and choir 
directors who must educate children to cor-
rect vocal emission.

Voice training in children and 
adolescent

The first objective of musical education - 
nowadays shared between singing teachers, 
speech therapists and phoniatricians - is to 
introduce the child to singing through the 
discovery of the voice as a means of expres-
sion, without inducing tension or effort in the 
vocal production apparatus. In preschool age 
natural singing must be privileged, as it rep-
resents the discovery of the voice as a means 
of expression trough perceptive sensorial 
training in rhythm, vibration, variations in in-
tensity and frequency, the sensation of light 
and heavy, smooth or rough. Creative games 
or other playful activities can also be useful. 

Later, in the school age, a more formal study 
of singing can be undertaken including man-
agement of vocal registers, recognition of vo-
cal changes towards falsetto, enhancing vocal 
agility and stability, through exercises at dif-

ferent speeds with tonal variation. In order to 
prevent vocal abuse, it is important to teach 
the young singer to manage the respiratory 
support, to avoid overuse of intensity and of 
singing outside the adequate vocal range. 

The choir promotes the socialization and 
well-being of the child, but must be directed 
by a careful teacher who is aware of the risks 
that singing in a choir entails:
•	 the loudness produced by the choir re-

duces auditory feedback, which can lead 
the chorister to increase the phonatory 
volume, causing laryngeal hyperfunc-
tion,

•	 the chorister may have to face a reper-
toire that is not suited to his vocal range, 
resulting in chronic vocal fatigue.

Anyway, in the first years of singing, the 
choice of repertoire must include a comfort-
able texture, an easy melodic line without 
excessively difficult intervals, a comfortable 
phrase from the point of view of the breath 
and the absence of extreme dynamics. 

The singing activity may progressively lead 
to an improvement in the vocal performance, 
whereas it may give rise to voice disorders 
requiring treatment in another child. When 
the strain is too great for the vocal appara-
tus, increased singing activity can cause, in 
particular, functional dysphonia and dysodia 
(Fuchs et al., 2008). At the first signs of vocal 
fatigue (Fig1), it is important to refer the child 
to an ENT or phoniatric evaluation and, if nec-
essary, speech therapy.

Changes in male voice at puberty 
The vocal changes that males undergo 

during puberty are inconsistent, as they are 
unstable and unpredictable, and result in dif-
ficulties for both the singer and choral direc-
tor. Mutation is a very delicate phase in the 
development of the voice, highly at risk of 
functional laryngeal pathologies (Hacki et al., 
1999). These include an increase in breathing 
capacity and an increase in neck length and 
width, which leads to a relative descent of the 
larynx, and subsequent enlargement of the 
vocal tract and resonatory system. Growth of 
the paranasal sinuses and nasal turbinates, 
with atrophy of the tonsils and the adenoids, 
also affects vocal quality (Harries et al., 1997). 
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As regards the changes in the voice, in males, 
more or less suddenly, there is a reduction 
in the average F0 of 12 semitones in males, 
compared to the 3-4 semitones that occur in 
females. In particular (Hacki et al., 1999):
•	 pre-mutation (10 -12 years): worsening 

of F0 by a semitone in both sexes (first 
sign of mutation around 10 years), with 
still good performance of the white voice 
due to the expansion of resonators, but 
gradual appearance of phonatory insta-
bility and breathy voice during singing;

•	 voice mutation (13-16 years): reduction 
of frequency range and vocal instability 
with frequent vocal breaks in falsetto or 
sudden worsening of the fundamental;

•	 post-mutation: progressive stabilization 
of the conversational F0, with a voice of 
a darker tone, of greater intensity, well 
resonant, with the absence of the noise 
component.

During the voice change in puberty, a careful 
management of the singer’s voice is required 
from the singing teacher, according to pro-
gressive voice mutation. In the musical field 
John Marion Cooksey (Fig. 2) has established 
a six-stage pattern of voice development in 
puberty based on vocal range, tessitura and 
average F0: 
•	 Stage 0: Unchanged: Range 220 - 698 Hz 

[La 3 – Fa 5], Tessitura 277,18 - 493,88 
Hz [Do#4-La#4], Average SF0 range 220 - 
260Hz [La 3 - Do 4]

•	 Stage 1: Mid-voice1: Range 208 - 523 Hz 
[Sol #3 – Do5], Tessitura 247-392 Hz 
[SI 3 – Sol 4] Average SF0 range 220 - 
247Hz [La 3 – Si 3]

•	 Stage 2 : Mid-Voice II : Range 175 - 392 
Hz [Fa3- Sol4 o La4] Tessitura 208-349 
Hz 
[Sol #3 – Fa4] Average SF0 range 196 - 
233Hz [Sol 3 – La 3]

•	 Stage 3: Mid-Voice II A: Range 147-370 Hz 
[Re3- Fa#4], Tessitura 185-262 Hz 

[Fa#3 – Do4] Average SF0 range 175 – 
185 Hz [Fa3 – Fa#3]

•	 Stage 4: New Voice-Baritone: Range 123 - 
311 Hz [Si 2 – Re#4], Tessitura 155 – 246 
Hz [Re#3-Si3] Average SF0 range 131 - 
165Hz [Do 3 – Mi 3]

•	 Stage 5: Emerging Adult Voice: Range 98 – 
293,66 Hz [Sol 2– Re4], Tessitura 123-416 
Hz [SI 2 – Re4] - Average SF0 range 110 - 
139Hz [La 2 – D0#3]

It is interesting to note that the most im-
portant changes in the voice occur in males 
between Tanner’s stages 3 and 4, that is to 
say that the worsening of the fundamental 
occurs in an advanced phase of puberty (Be-
ger et a., 2018).

Although this delicate phase of the young 
singer’s management is entrusted to the 
singing teacher, at the first signs of vocal fa-
tigue a careful phoniatric evaluation must be 
requested, to both objectively evaluate, in 
laryngoscopy, the morphological changes of 
the larynx, and highlight possible initial func-
tional alterations.

Conclusion
Singing represents an extraordinary oppor-

tunity for the affective, emotional and cog-
nitive development of children, promoting 
their socialization. However, the children’s 
delicate phonatory physiology must be re-
spected. They certainly must avoid singing 
an adult repertoire, unsuitable for them, and 
they shouldn’t use the power of their voice as 
a means to assert themselves in a group or 
express feelings of anger or frustration. They 
will have to be guided to the discovery of all 
the emotions that singing can offer in a condi-
tion of serenity, avoiding any excessive effort. 
In this way singing will be a great opportunity 
for them not only to grow serenely and joyful-
ly, but also to receive an unconscious training 
in the correct use of the voice, avoiding pa-
thologies caused by vocal strain.
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Figure 2: John Marion Cooksey six-stage pattern of voice development in puberty

Figure 1: Initial nodular point swelling in a prepubescent singer.
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