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ACOUSTIC AND PERCEPTUAL ANALYSIS OF VOCAL REGISTERS 
IN CHILDREN 

Anita McAllister*, Elisabeth Sederholm* & Johan Sundberg" 

ABSTRACT 

According to Hirano, Kurita and Nakashima (1983) the vocal fold structure 
changes continuously from earliest childhood to late adolescence. During 
pubert), the elastic fibers are differentiated from the deeper collagenous 
fibers. These changes can be assumed to affect the vocal register function. 
The pitches at which register transitions occurred were identified percep- 
tually in recordings of 15 ten-year-old children who sustained vowels at 
different pitches throughout their range. In normal voices two register 
transitions were observed, one at 466 Hz and one at 831 Hz mean funda- 
mental frequency, or about 25% higher than in adult voices. Children with 
functional or physiological voice deviations exhibited only one transition at 
a mean frequency of 415 Hz. 

INTRODUCTION 
Vocal register is a highly relevant aspect of the singing voice, but its nature has 
remained unclear in the sense that many terms and definitions exist. Register has been 
defined as a "group of like sounds or tone qualities whose origins can be traced to a 
special kind of mechanical (muscular) action" (Reid, 1983, p 296). Thus the register 
phenomenon is assumed to be confined to the vocal fold vibration mechanism, exclud- 
ing the relevance of vocal tract resonances. 

However, based on experience with a theoretical model of the voice organ, Titze 
(1988) suggested that resonance is relevant to the register phenomenon. According to 
his theory, register boundaries occur when sub- or supraglottal resonances return 
significant reflections of the glottal pulses to the glottis in an unfavorable phase of 
their vibration. This means that the phenomenon of vocal register is dependent on the 
resonatory systems in the trachea and vocal tract as well as on the vocal fold mecha- 
nism. Also, the fundamental frequencies at which register transitions occur can be 
expected to differ depending on tracheal dimensions. 

According to Hirano, Kurita and Nakashima (1983) the mechanical properties of the 
vocal folds change continuously during growth up to about 20 years of age. In infants, 
the vocal folds are 2 - 3 mm long, the membranous part being 1.3 - 2.0 mm and the 
lamina propria portion of the vocal fold is thick and not layered. The differentiation of 
the various layers of the lamina propria continues through puberty, thus separating it 
into three basic layers - the looser superficial layer, the intermediate elastic fibers and 
the deeper layer of collagenous fibers. Obviously, these changes can be assumed to 
affect vocal register function. 
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pitches. Whenever required, the pitches were also sung by the experimenter. In some 
cases it was necessary for the experimenter to sing together with the child and then let 
the child continue alone. The voice range profiles were determined following the pro- 
cedure recommended by the Union of European Phoniatricians (Schutte and Seidner, 
1983), although a flat frequency curve was preferred for the SPL measurement, as 
suggested by Gramming and Sundberg (1988). 

Five judges identified register transitions from an audio tape where the tones per- 
taining to the upper and lower contours of each child's VRP had been arranged in 
ascending pitch order. To establish intrajudge reliability, five voices were duplicated. 
These replications appeared at random on the test tape. The order of presentation of the 
voices was randomised for each listener individually. 

The judges marked the location of the perceived transitions on a form where each 
tone was represented by a number which was also given on the tape. All judges had 
extensive experience with childrens' voices; one was a children choir leader, three 
were singing teachers, and one was a speech pathologist and singer. 

RESULTS 
The interjudge reliability as determined by Cronbach's alpha was satisfactory, see 
Table 1. The low alpha value for the second transition of the lower contour was due to 
few ratings. 

Table 1. Interjudge reliability 
coeffients for ratings of the location 
of the first and second register 
transitions in the lower and upper 
contour. Numbers refer to register 
transitions. 

Perceived break, no. 

Upper contour; 1 
Lower contour; 1 
Upper contour; 2 
Lower contour; 2 

The mean intrajudge reliability as determined by Pearson's correlation coefficient 
was .72, thus indicating a reasonable degree of consistency within the judges, see 
Table 2. Since the panel members in most cases did not detect a second register transi- 
tion in the lower VRP contour, the intrajudge reliability coefficient could not be 

I computed in this case. 

Cronbach's alpha, a 

.77 

.88 

.80 

(.47) 

Table 2. Mean intrajudge reliability coefficients, standard deviations and ranges based on 
the repeated ratings of 5 voices byfive listeners across the location of the first and second 
voice transition in the lower and upper contour. N equals number of listeners who 
perceived a transition on both presentations. Due to few replicated observations of a 
second transition in the lower contour no correlation coefficient could be calculated. 



The panel members observed one or two register transitions in each contour for each 
voice. Surprisingly, the listeners were equally successful in perceiving the first transi- 
tion in loud as in soft singing. This transition was mostly observed at approximately 
the same pitch level in both contours. 

The mean voice range for the whole group was 27 semitones, ranging from 185 Hz, 
(F#3), to 880 Hz, (A5). The mean frequency for the first register transition was 466 
Hz, (Bb4). 

As illustrated in Figure 1, the children with functional or physiological voice devia- 
tions - i.e. chronic hoarseness, vocal nodules and glottal chinks - showed one register 
transition only, mean frequency 415 Hz - (G#4). The first register transition for the 
control children occurred at 494 Hz, (B4) and at 554 Hz, (C#5) for the mutational 
voices. A second transition was consistently observed only for the controls and for the 
mutational voices at a mean frequency of 831 Hz (Ab5) and 988 Hz (B6), respectively. 

Deviant voices N = 7 

4 - , Controls N = 6 

<- - - -> Mutational voices N = 2 

Tone and frequency (Hz) 

Figure I .  Register transitions for three groups of voices. 

Adopting the ideas of Pedersen et al. (1984) all register transitions were correlated 
to VRP contour discontinuities exceeding 5 dB between two data points. The scatter 
plot shown in Fig. 2 revealed no correlation. The discontinuity chosen was closest to 
the perceived register transition. If the criterion for a discontinuity had been a 3 dB 
change rather than 5 dB, the covariation would have been somewhat higher. As men- 
tioned, Klingholz and Martin (1983) proposed a method to locate register transitions 
from descriptions of the VRP by means of ellipses while Klingholz et al. (1985) used 
contour discontinuities as the criterion. Due to different correction curves for the SPL 
measurement, data cannot easily be compared to ours. The data shown in Figure 2 

I 
suggest that this criterion is not useful in the case of these children's voices, although a 
better accordance may have emerged with a denser sampling of SPL data along the 
pitch axis. 
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Hz 

Discontinuties in the VRP contours > 5 dB 

Figure 2. Perceived register transitions related to the closest discontinuity in the VRP 
contours 2 5dB. This transaction could only be performed for the voices with a perceived 
register transition, N= 11. 

DISCUSSION 
According to Titze (1988), register transitions depend on sub- and supraglottal reso- 
nances. The pitch at which the main register transitions occur can be calculated from 
the length of the trachea. Titze predicts that reinforcement of vocal fold vibration is 
achieved when the subglottal pressure is positive during the opening and negative 
during the closing phase. If the tracheal resonance returns the reflection of the glottal 
pulse out of phase with the glottal vibration, a register transition is likely to occur. In 
the case of adults, register transitions can be predicted at 260 - 500 Hz depending on 
tracheal length. In our group of children the first register transition varied between 350 
and 600 Hz, or 25 % higher. According to growth index for Swedish children, ten- 
year-old children are approximately 25% shorter than the adult average (Karlberg et 
al., 1976). If tracheal length differs accordingly, our results are in good agreement with 
Titze's model. 

CONCLUSIONS 
Two register transitions could be detected in ten-year-old childrens' voices close to 
466 and 83 1 Hz, respectively. The first of these appeared in both soft and loud phona- 
tion. However, only one transition was observed in children with chronic hoarseness, 
vocal nodules, and glottal chinks. No relation was found between these frequencies and 
discontinuities in the VRP contours. The frequency for the lower transition was in 
accordance with the model for vocal registers proposed by Titze (1988). 
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