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In the theory of the French Ear, Nose and Throat (ENT) doctor Alfred Tomatis, the voice emits
the frequencies the ear can perceive. The auditory stimulation, through the treatment elaborated
by Tomatis, can determine the stabilization or the improvement of some vocal parameters, as
well as the effect on the formants of voice. A group of N = 19 subjects, singers and actors, were
assessed by complete clinical ENT evaluations including fibrolaryngoscopy, otoscopy, and
clinical audiometry. The voice analysis was carried out with the Multi-Dimensional Voice
Program (MDVP) and with the Praat software. The results demonstrate that after the treatment
entails an increase in the mean of energy density on the third formant of voice (F3). An
improvement in the ability to maintain a constant intensity of the vocal emission resulted from
MDVP analysis with a reduction on the standard deviation of the voice amplitude. The
improvement in the auditory perception, particularly for 3 kHz, determines a better intelligibility
and articulation of the words. The better auditory perception in the zone of 3 kHz reduces the
phenomenon of nasalization and gives expressive power to the artistic voice. The decrease of
Peak-Amplitude Variation (vAm) lead to a stable voice emission with a better control.
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INTRODUCTION

During 50 years of experience with singers and of studying the relationship between voice and
hearing, the French ENT doctor Alfred Tomatis theorized the basic laws of Audio-Psycho-
Phonology: the voice contains only what the ear can hear. If the hearing changes, the voice is
immediately and unconsciously modified. It is possible to transform phonation when auditory
stimulation is maintained over a certain time (law of duration). Listening to alternating stimula-
tion with high and low frequencies leads to a change in auditory perception and phonation.

According to the last assumption Tomatis elaborated a treatment for speech disorders and
behavioral problems (anxiety, depression, and stress): the “Tomatis method” (Gilmore, 1999). In
1957, Raoul Husson, a specialist of psycho-phonology, demonstrated the phenomenon of the
“Tomatis Effect” (TE) as reaction of the voice emission to filtered sound stimulation.

The hypothesis is that the Tomatis method can permanently determine an increase in density
of energy on formants of voice in correspondence of auditory frequencies stimulated for a long
time and improved in perception by the Tomatis treatment.

METHOD

Singers and actors were evaluated with a complete ENT examination with fibrolaryngoscopy, oto-
scopy, and clinical audiometry to assess ear and laryngeal function. Subjects with organic diseases of
the phonatory or acoustic apparatus have been excluded. A group of N = 19 subjects between the ages
27 and 53 (mean age 36.37 ± 7.05) were selected. The first voice recording was conducted with the
Computerized Speech Lab software, Multi-Dimensional Voice Program (MDVP) (Kay Elemetrics
Corporation, Lincoln Park, N.J., USA) (Oguz, Kilic, & Safak, 2011). The second voice recording was
carried out in the anechoic chamber in the Department of Physics at La Sapienza University in Rome.
A Sennheiser 416 microphone, connected to a computer, with a sampling rate of 48 kHz, was used for
these recordings; data were analyzed with the Praat software (Núñez Batalla et al., 2014).

Each subject received treatment with Tomatis Therapy (TT) for 60 hours during an eight-
month period. All the evaluations were repeated in those patients who completed the treatment.
Informed consent was obtained from each subject.

Before the TT, a Listening Test (LT) was conducted, measuring the hearing thresholds (air and
bone conduction), the discrimination of tones (selectivity), and individuates the dominant ear
(laterality). The results of the LT were compared to the ideal curve obtained from the audiograms
of talented musicians (Figure 1). In Tomatis theory, this kind of curves represent a good reproduction
in rhythm, a good control of intonation, and a brilliant voice (Tomatis, 2004).

According to the TE, if the treatment can improve the listening curve, the voice should
change and reach its full expressive potential.

The TT consisted of listening to Mozart music and Gregorian chants both with headphones and
bone vibrator (Sollier, 2005). The music frequencies were filtered using different intensities of
stimulation and delays between air and bone conduction, according to an individual program. The
goal is to optimize the activity of the middle ear muscles and of the neurological pathways (Patel,
2008) through the stimulation obtained by the alternative amplification of volume on high frequen-
cies (tension) and low frequencies (relaxation) (Stillitano, Fioretti, Cantagallo, & Eibenstein, 2014).
The choice of the music tracks is based on the same principle of alternation between tension and
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relaxation. The Mozart music is characterized by high-spirited rhythm, which accelerates the heart-
rate and the rhythm of breathing, improving attention and concentration (Pauwels, Volterrani,
Mariani, &Kostklewics, 2014). TheMozart music is rich in high tones providing cortical stimulation
with facilitative effects on associative, creative, and superior thinking processes. Gregorian chants
have a slow and soothing rhythm; they lead to a quiet and regular breathing pattern, inducing
relaxation and providing an efficient training on body coordination. The music is modified by a
“Brain Activator,” which has two channels for the alternation in the amplification of volume on low
and high frequencies and filters used to improve the perception on the frequencies above 1 kHz.

Assuming that a change in the voice is equivalent to a change in its timbre, the voice’s
formant structure, which corresponds to the acoustic consistency of vocal emission, has been
analyzed through the Praat software (Fant, 1960).

In the production of a sound, the larynx produces the fundamental frequency (F0). The
subsequent harmonics, which normally have a lower amplitude and a frequency value that is a
multiple integer of F0, are subjected to the action of resonance and anti-resonance (Lieberman,
2000). The amplified frequencies are called “formants” and represent the greatest concentration
of energy in the spectral configuration. The parameter, which has been analyzed was the energy,
measured in dB/Hz, of the first four formants.

The first formant (F1) is on average in the zone below 1 kHz; the second (F2) and third
formants (F3) are on average in the 1 kHz—3 kHz zone; the fourth formant (F4) is on average in
the zone above 3 kHz.

The formant profile of the vowel is the most systematic among all vocal sounds. For the
purpose of this study, the reading of 10 simple words has been recorded for each subject: the
same 10 words for each candidate. Within the words the vowel [a] was placed between two nasal
consonants (“mano,” “nano”) which have a formant profile similar to vowels. The 10 vowels [a]
for each subject have been extracted and analyzed in their central stationary section. To the
stationary segment, the Linear Predictive Code (LPC) technique was applied, and its coefficients
were calculated using the Burg algorithm (Charlton, Reby, & McComb, 2008).
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FIGURE 1. The ideal listening curve.
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The data relating to the density of energy were normalized beforehand compared to the
energy of F1 (E1) from the first recording before the treatment and subsequently compared to the
E2, E3, and E4 from the first recording.

A repeated measures analysis of variance was performed to quantify the increase of energy
density of formants E2, E3, and E4 with respect to E1.

The vowel [a] has been studied also with MDVP software: the central section of the recording
has been considered, eliminating the perturbations of the initial and last part.

The MDVP software permits the study of 33 voice parameters, 11 of which are represented
numerically and 22 by graphs (Nicastri, Chiarella, Gallo, Catalano, & Cassandro, 2004). These
parameters permit the evaluation of fundamental frequency, amplitude and spectral energy balance,
and the presence of breakdown in sonority and diplophony. The parameters are in the Table 1.

TABLE 1.
A set of 33 voice parameters analyzed by MDVP software; they permit the evaluation of fundamental

frequency, amplitude and spectral energy balance and the presence of breakdown in sonority and diplophony

F0 Fundamental Frequency

T0 Average Pitch Period
Fhi Highest Fundamental Frequency
Flo Lowest Fundamental Frequency
STD Standard Deviation of F0
PFR Phonatory F0 range in semi-tones
Fftr F0 Tremor Frequency
Fatr Amplitude Tremor Frequency
Tsam Length of Analyzed Sample
Jita Absolute Jitter
Jitt Jitter Percent: Average variation for each period of F0
RAP Relative Average Perturbation
PPQ Pitch Perturbation Quotient
sPPQ Smoothed Pitch Perturbation Quotient
vF0 Fundamental Frequency Variation: Variability of the standard deviation of F0 respect to Average F0

calculated
ShdB Shimmer in dB
Shim Shimmer Percent: Average variability of amplitude for each period, peak by peak
APQ Amplitude Perturbation Quotient
sAPQ Smoothed Amplitude Perturbation Quotient
vAm Peak Amplitude Variation: variability of the standard deviation of amplitude, peak by peak,

compared to the average amplitude, peak by peak*
NHR Noise to Harmonic Ratio
VTI Voice Turbulence Index
SPI Soft Phonation Index*
FTRI Frequency Tremor Intensity Index*
ATRI Amplitude Tremor Intensity Index*
DVB Degree of Voice Breaks*
DSH Degree of Subharmonics components*
DUV Degree of Voiceless
NVB Number of Voice Breaks
NSH Number of Subharmonic Segments
NUV Number of Unvoiced Segments
SEG Number of Segments Computed
PER Total Pitch Period Detected

*Most representative parameters for the computerized voice evaluation.
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Wilcoxon signed rank sum test was used for the comparison between average values for
paired observations before and after TT.

RESULTS

The results about the density of energy are summarized in Figure 2. We found a significant main
effect of factor formant, F(3,54) = .71, p < .05. Pairwise comparisons revealed a significant
increase of mean energy density of F3 with respect to F1 (mean ± SEM: 1.9 ± 0.24 vs.
1.00 ± 0.00, p < .01).

The intensity is not measured using a linear scale but is relative to the weakest sound audible
by the human ear, which corresponds to 0 dB. The decibel is a tenth of a Bel; a Bel, in terms of
energy, results from the formula log 10 (E1/E2), which means that dB = 10 log 10 (E1/E2). In
order to obtain the original ratio from the value of dB, the logarithm’s inverse operation is used,
with the elevation to power E1/E2 = 10A(E/10). In the candidates, the increase voice energy was
accompanied by a change in the bone curve in the listening test. This could be a normal
occurrence if we consider that subjects with trained voices are used to appreciate their own
vocal body-schema in order to organize timbre and quality (Vurma, 2014)). For professional
reasons, they develop more attention to the inner resonance of the sound (BC) than to the “outer”
resonance (AC). Also, throughout the treatment they reorganize the sound perception with
consequent changes in their voices (Chen, Ma, & Yiu, 2014).

The analysis carried out with MDVP showed a statistically significant decrease of the mean vAm
parameter after the treatment (pre vs. post: 10.3 ± 5 vs 7.03 ± 1.49, p < .05), which means an

FIGURE 2. The Figure 2 indicates how many times the energy increases
in F2 (E2), F3 (E3), and F4 (E4) compared to the first formant (E1). E1
value has been established on 1. The significative increase of energy
occurs on F3 (E3). Error bars represents standard error of the mean (SEM).
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improvement in the ability to maintain a constant intensity of the voice emission. Furthermore, a
significant decrease was observed in mean Soft Phonation Index (SPI) parameter after the treatment
(pre vs. post: 10.37 ± 5.03 vs. 8.49 ± 4.65, p < .05) and in mean Amplitude Tremor Intensity Index
(ATRI) parameter after treatment (pre vs. post: 3.73 ± 2.28 vs. 2.24 ± 1.33, p < .05). SPI defines the
intensity of abduction of vocal chords’ muscles. Its normalization indicates a correct glottic adduc-
tion. ATRI is a parameter which measures the “tremor” in voice emission. A better ATRI value
corresponds to better control during voice emission and a stabilization in the intensity of voice.

DISCUSSION

The vocal tract works like an ensemble of filters, each with its own diameter and particular
resonance frequency. When the signal pass through a cavity, only the harmonics whose vibra-
tional frequencies correspond to the resonance frequencies are amplified.

F0 depends only on the laryngeal mechanism. F1 usually is on average below 1 kHz and it
corresponds to the range of resonance frequencies of the pharynx. F2 is on average between
1 kHz and 3 kHz and it corresponds to the range of resonance frequencies of the oral cavity. In
the Tomatis theory, the values from 1 kHz to 3 kHz go from hard palate to lips while F3 and F4
are amplified around the teeth and lips. F2 is the most important formant for the identification of
a vowel: moving like on a musical scale between 1 kHz and 3 kHz, depending on the
frequencies at which it is “played,” a different vowel is produced. The listening curve is in
relationship with the voice.

F2 is amplified in the oral cavity where the articulatory organs are: tongue, teeth, and lips; we
can suppose that the improvement in the auditory perception on 1 kHz–3 kHz determines an
improvement in the use of the properties of the articulatory structures so they can better amplify
the resonance frequencies of the anatomical structures. Therefore, it is possible to assume that
the increase of energy on F2 corresponds to a clearer articulation. The better perception in the
1 kHz–3 kHz zone and the consequent increase of energy in F2 should mean an expansion of
linguistic possibilities. In fact a clear production of vowels in the own language is obtained as far
as the facilitation in the vowels production in other languages.

F3 is in the 3 kHz area. It is amplified at the lips, for this reason its role is similar to F2.
Therefore, the increase of energy on F3 is in relation with an improvement in articulation.

F3 is also comparable to F4. They both correspond to high frequencies that make the voice
more timbric. When the energy increases on these two formants, F3 and F4, the sensation of the
subject is of a “fuller voice,” a voice richer in high harmonics.

CONCLUSION

About the results on the density of energy of the first four formants, eight months after the
conclusion of the treatment, an increase of energy emerged in some subjects in average on F3
with respect to F1. Listening to these subjects’ voice after therapy (comparing the recordings
before and after treatment) is listening to a voice as if a cap was removed. Moreover, a reduction
of nasalization occurred when an increase of energy in F2 or F3 was obtained (Lee, Ciocca, &
Whitehill, 2003).
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We can conclude that the improvement around the 3 kHz frequency zone, corresponding to
F3, can determine a higher intelligibility in the speaker who is able to produce clearer sounds.
The improvement in the perception on the frequencies around 3 kHz has an effect on the speech
power, on the color of the voice and on its expressive power. A voice rich in high harmonics is a
voice with a wide range of emotional expressions. The increase of energy on F3 is due to its
development in the frequency zones on which the treatment lead to an improvement of the
auditory perception.

Another evidence is that after the treatment some subjects referred a better control of
intonation when singing. There is a correspondence between notes and frequencies. It is possible
to suppose that the improvement in the auditory perception leads to a correct register change and
makes possible a better intonation and a better control of the voice emission. This suggestion can
be a subject of further studies. Different instruments of analysis should be used in order to verify
the improvement in the control of intonation in the dynamic range of the human voice,
especially to evaluate the improvement of auditory perception in specific frequencies.

This study was carried out only on 19 subjects, but we are working for the extension of the
study on more subjects. Moreover, the study has considered the effect of TT on artistic voice.
Another development of the research could be the evaluation of the effects of the TT on specific
voice disorders and in non-trained subjects. Our knowledge on the TT could advance if its
implications for rehabilitation will be investigated in the future. Some studies have demonstrated
the relation between the neural plasticity of the auditory cortex and speech learning (Alain,
Snyder, He, & Reinke, 2007); other studies demonstrate the effects of musical training on
speech-language skills (Bidelman & Alain, 2015). Similarly, a growing research is demonstrat-
ing that the anatomical features of the auditory cortex and other brain structures and their
connectivity can be predictive of new sensory-motor learning ability (Zatorre, 2013). It is
important to verify on which regions of the brain the TT works and can determine specific
changes.
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