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What will happen to the sung tone 

when the feedback is altered?
Children learning to speak, initially distinguish and produce speech sounds regardless of the 

sound environment around them; however, by 6 months they quickly begin to recognize the sounds in their 

home environment, and of their native language.  By 9 months they are aware of the language stress, and 

rhythms, and by 12 months will no longer recognize speech sound outside of their native language.  

Furthermore, studies conducted on avian vocal learning, often analogous to human vocal learning, show that 

birds will learn the sounds of their environment, meaning their birdsong will mimic the sounds they hear, 

and not necessarily be the song of their parents. (Doupe & Kuhl, 1999, Brainard & Doupe, 2000, and Sakata 

& Brainard, 2006)  Investigations involving deaf children show that even though they are given extensive 

therapy, they will not develop normal speech sounds.  Even preadolescents and adults who loose their 

hearing later develop speech abnormalities; however, adults are more successful at continuing to speak 

normally. (Houde & Jordan, 2002)  (Doupe & Kuhl, 1999 and Ward & Burns, 1978).

Houde and Jordan suggest that although auditory feedback 

plays less of a role in adults than in children, changing the feedback 

will result in a change in articulation.  They had 8 male subjects 

perform a vocal task, for example speaking [ε], where they altered the 

vowel formant frequencies to provide feedback consistent with a 

different vowel [i].  They observed that the subject would alter their 

articulation of the intended vowel to [æ] , so the feedback produced the 

target sound of [ε].  

All of this suggests that humans learn speech via auditory 

feedback, and are influenced by their sound environment, and that 

auditory feedback is necessary for learning and maintaining speech.  

Since singing can be considered a form of exaggerated speech, can the 

sung tone be affected by changes to auditory feedback?  

Alfred Tomatis, a French ENT, believed that it could. Based on self reported anecdotes of altering 

feedback, Tomatis theorized that the voice cannot make a sound that the ear 

cannot hear. This has previously been shown to be the case. The result was that Tomatis put forth the 

concept of an auditory feedback loop.  

The vagus nerve, he suggested, which is the major nerve that runs from the brain to the heart, 

lungs, and diaphragm, was the main circuit of the feedback loop.  The reason being that the auditory nerve, 

superior laryngeal nerve, and the recurrent laryngeal nerve all branch off of the vagus nerve, in effect 

creating the feedback loop from the ear to the larynx to the breath.  Therefore, if one can 

make a change to someone’s auditory feedback, one should be able 

to change how one sings.

What changes to Pitch, Intensity, 

Formant Frequencies & 

Bandwidths, &Vocal Fold Vibration 

will occur when feedback of certain 

frequency areas are amplified while 

others are suppressed? 

Subjects

ÅEight students from the Voice Area at the University of Nebraska-Lincoln were 

recruited to participate in this project as subjects.  

ÅThe average age of the subjects was 24 years old with a maximum and minimum age of 

30 and 20, respectively.  

ÅAll subjects reported that they were in good health.

Data Collection Procedures

ÅThe subjects were first given a Listening Screening that consisted of computer 

generated tones at the frequencies of 500 Hz, 1,000 Hz, and 3,000 Hz at the intensities 

below 83 dB starting at 83 dB and ending at 53 dB played in random order at random 

intervals including silence for a total of four times against a continual background of 

white noise played at an intensity level of 80.2 dB.  

Equipment Set-up

It appears that areas that are amplified tend to cause the non-amplified areas 

to “improve”, meaning the lack of the target sound prompts the singer to more 

specifically produce the target sound.  This would make the acquisition of the 

target sound is a crucial importance to singers and teachers.  Future study 

should include an investigation of target sounds and varying feedback 

conditions, as well as the impact of attentional listening exercises on the sung 

tone. 
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Contact Quotient Calculation Diagram.

Protocol Abbreviation Frequencies Enhanced (Female)

Room R Feedback from the Room only

Headphones HP No enhancement

Lows L 400 (800) Hz and below

Mids M 1600 to 5000 Hz

Singerôs FormantSF 2500 to 4000 Hz

Highs H 5000 above ïMax. 20,000 Hz

Table 1. Protocol Descriptions

Protocols

ÅEach subject performed the Room protocol first, and the remaining protocols were 

performed in a predetermined random order. 

ÅAn estimation of vocal fold closure, a contact quotient (CQ) as measured by the EGG was 

calculated by the KayPentax Real-time EGG Analysis Software, version 3.1.6. CQ was 

calculated closed phase (AC), or the complete cycle (AD) (see figure below) at 25% of 

peak.

ÅAcoustic analysis of pitch, intensity, formants and bandwidths were made using the 

Wavesurfer analysis program, version 1.8.5.  

ÅThe Listening Screening data was averaged and signal to noise ratio corrections were 

made.  Using the standard practice of 70% accuracy, the lowest intensity of each of the 

three frequencies, 500 Hz, 1,000 Hz, and 3,000 Hz was determined and graphed.

ÅThe subjects sang a vocal exercise with a starting frequency of 139 Hz (C#3) and 

278 Hz (C#4) for males and females, respectively, yielding a target frequency of 208 

Hz (G#3) and 415 Hz (G#4) for males and females, respectively.

Auditory Feedback Loop

Research Question

SubjectID R HP L M H SF AVG

2 415 0.000% -1.707% -0.060% -0.391% -0.381% -0.562% -0.635% -0.623%

3 208 0.000% -0.530% -1.539% 1.412% -3.506% -3.161% -3.895% -1.870%

4 208 0.000% 1.371% 0.431% -1.333% 0.334% -0.247% -0.844% -0.048%

5 208 0.000% 3.842% 5.366% 3.501% 4.098% 3.417% 4.641% 4.144%

6 415 0.000% -0.137% 0.093% 0.907% 0.971% 0.998% 0.807% 0.607%

7 415 0.000% 1.596% 0.699% 3.572% 2.097% 2.382% 1.599% 1.991%

8 415 0.000% -0.328% 0.035% -0.670% 0.432% -0.240% -0.672% -0.240%

10 208 0.000% -20.690% -8.209% -4.477% 0.323% 1.026% 0.317% -5.285%

Target

Subject R HP L M H SF

2 2112.161 1739.966 2717.099 1431.379 1291.068 1309.484

3 2887.752 2889.397 2852.323 2845.969 2898.766 2874.02

4 2697.664 2954.701 2865.724 2882.604 2952.176 2919.022

5 2809.173 2799.419 2761.047 2819.535 2786.953 2823.007

6 2959.957 2812.578 2873.406 2941.613 2928.64 2940.43

8 2528.682 1279.549 2737.917 1271.381 1263.705 1483.899

10 2508.152 2574.594 2521.113 2509.078 2496.291 2464.114

AVG 2643.363 2435.743 2761.233 2385.937 2373.943 2401.997

Singer's Formant (F3)

Low Protocol

F3

Room Protocol

F3


