
Stuttering: 
A Matter of Bad Timing 

A RECENT NEUROLOGICAL INVESTIGATION OF 
stammering is briefly described in the Ran- 
dom Samples item "The stammering brain" 
(3 Aug., p. 795). The magnetic resonance 
imaging study, led by neurologist Anne 
Foundas at Tulane University, revealed 
some anatomical differences between stut- 
terers and nonstutterers in the two brain re- 
gions associated with speech and language, 
Broca's area and Wernicke's area (see the 
figure) (I). In interpreting the results of 

Language centers. Broca's area (involved in 
speech planning) and Wernicke's area (involved in 
speech perception) are located on the left side of 
the brain and function at cognitive rates too slow 
to be considered a source of stammering. 

such studies, it is important not to confuse 
cause and effect. That the observations of 
Foundas and colleagues are associated with 
the clinical problem of chronic involuntary 
blockage of speech is not disputed. That the 
observations can be interpreted as a cause 
of blockage is neurologically impossible. 

Stuttering is an aberration of normal 
speech processing, which is a manifestation 
of synchronization of phonation (for speech 
power) with articulation (that shapes phona- 
tory power into the sounds of speech) (2). 
Any cause of stuttering has to account for 
why it can be involuntary, and,. more to the 
point, how high-speed speech sounds can be 
produced with low-speed cognitive and lin- 
guistic equipment. 

Synchronization speed is revealed by the 
syllable rate (no sound can be produced 
outside the context of a syllable) multiplied 
by the number of sounds per syllable (3). 
Syllable and cognitive thinking rates are 
roughly the same, which is fortunate, other- 
wise we would be unable to speak at the 
same rate we think. George Miller decades 
ago demonstrated the cognitive rate to be 7 + 2 thoughts per second (4). This is also the 
syllable rate, as I inadvertently discovered 
in 1964 when I found that voluntary fluen- 

cy prevented stammering when each sound 
is under voluntary control. Unfortunately 
for treatment, each sound had to be a sylla- 
ble unto itself, which resulted in a speech 
rate so slow that it droned (5). 

The reason the Tulane study cannot have 
causal implications for stammering is that 
the enlarged linguistic areas of Broca and 
Wernicke (involved in speech planning and 
speech perception, respectively) are readily 
available to voluntary control and are inti- 
mately related to the slow cognitive func- 
tion rates Miller described. Both areas func- 
tion at rates too slow to have any role in the 
timing of high-speed phonatory and articu- 
latory synchronization. It is when timing is 
awry that stammering occurs. 
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The United Nations Framework Con- In summary, we conclude that a system 
vention on Climate Change (UNFCCC) of climate risk management is practicable 
calls for stabilization of GHGs at a safe and necessary. Increasing deployment of 
level, and it also prescribes precautionary sustainable bioenergy with carbon removal 
measures to anticipate, prevent, or mini- and sequestration, together with structural 
mize the causes of climate change and shift toward low carbon-intensive fuels, 
mitigate their adverse effects. Such mea- will turn out to be instrumental for such a 
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