
November/December 2021 233

Journal of Singing, November/December 2021
Volume 78, No. 2, pp. 233–234
https://doi.org/10.53830/YURI6123
Copyright © 2021 
National Association of Teachers of Singing

VOICE RESEARCH AND TECHNOLOGY
Ingo R. Titze, Associate Editor

Self-Organization in Vocal Mechanics 
and Physiology

Self-organization is now an accepted concept in biological 
systems. Complex systems with many interactive components do not 
need microcontrol of each component to produce a well coordinated 
output of the system. If given enough individual freedom, the compo-

nents will interact in such a way as to produce an organization for optimum 
efficiency. Contrary to classical thinking, regularity can be produced with 
much variability in the system, or even irregularity in the input. Heartbeat 
is a good example. The neural inputs to the heart muscles are not as regular 
as the heartbeat itself. The muscles self-organize for their collective output. 
In the old way of thinking, noise-in always meant noise-out. In the new way 
of thinking, some added noise can actually help in self-organization. It gives 
the system more choices for possible coordinated activity.

Feedback and ample exchange of energy between components is a require-
ment. Feedback can be positive or negative. Positive feedback reinforces the 
output of a component by taking a portion of the output and adding it to 
the input in phase. Negative feedback subtracts some of the output from the 
input. With the two forms of feedback, many forms of interaction are pos-
sible between subsystems.

Consider some examples in vocalization. The subsystems can be the left 
vocal fold, the right vocal fold, the subglottal resonator, and the supraglottal 
resonator. Each has its own natural resonance properties. They all can be 
thought of as oscillators. Energy transfer is facilitated by glottal aerodynam-
ics and acoustic wave propagation in the airways. Without energy transfer 
and feedback between the subsystems, the components all would likely have 
their own frequency, amplitude, and phase in their oscillatory patterns. The 
output would not be periodic (harmonic) unless each is controlled with preci-
sion. With interaction, however, they can synchronize their motions and the 
forces that keep them in motion. No separate control is needed. However, 
synchronization is more likely if the subsystems have great flexibility, a wide 
range of operation.

So, what is the take-home message for singers? To obtain regularity and 
predictability in our vocal output, we need to resist the tendency to restrict 
the range of operation of some of the components. The theory suggests that 
we not limit the range of tongue or lip movements, or the range of lung pres-
sure, or the choice of vowels, or the choice of larynx position. Allowing for 
maximal self-organization would speak against such restrictions. Focusing on 
the desired output and its repeatability pays the higher dividends. If the system 
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knows what to produce, it will use its internal variability 
to produce it. We should not constrain the interaction 
between the system components. This is especially the 
case if there is a deficiency or abnormality in one or 
more of the components. The rest of the system has to 
compensate, which means that the range of operation 
and mobility of some components has to increase.

In summary, the message is: Let the vocal system 
organize itself. Give it the right output targets and it will 
find a way to get there with lots of alternative solutions.

[Dr. Titze’s bio is republished here because his updated 
version regrettably was omitted in the last issue.]

Ingo R. Titze, PhD, is Emeritus Distinguished Professor of Speech 
Science and Voice at the University of Iowa and Executive Director of 
the National Center for Voice and Speech at the University of Utah. 
His formal education is in physics and electrical engineering, but 
he has devoted much of his studies to vocal music and speech. Dr. 

Titze has published more than 500 articles in scientific and edu-
cational journals, coedited two books titled Vocal Fold Physiology, 
and now has four books in print: Principles of Voice Production, The 
Myoelastic Aerodynamic Theory of Phonotion, Vocology: The Science 
and Practice of Voice Habilitation, and Fascinations with the Human 
Voice. He has lectured throughout the world and has appeared on 
such educational television series as Innovation, Quantum, and 
Beyond 2000. He is a recipient of the William and Harriott Gould 
Award for laryngeal physiology, the Jacob Javits Neuroscience 
Investigation Award, the Claude Pepper Award, the Quintana Award, 
and the American Laryngological Association Award. He is a Fellow 
and a Silver Medalist of the Acoustical Society of America, and a 
Fellow of the American Speech-Language-Hearing Association. Dr. 
Titze has served on a number of national advisory boards and sci-
entific review groups, including the Scientific Advisory Board of the 
Voice Foundation and the Division of Research Grants of the National 
Institutes of Health. In addition to his scientific endeavors, Dr. Titze 
continues to be active as a singer. He is married to Kathy Titze and 
has four children and nine grandchildren. Mail should be addressed 
to ingo.titze@utah.edu.

  Ingo R. Titze

https://www.nats.org/2022_Chicago_Conference_Call_for_Poster_.html

