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WHAT FACTORS CONTRIBUTE TO THE EMERGENCE OF

STUTTERING?



What causes stuttering?

Å Amazing progress over past few decades

Å Many of us very excited about all the new work from 
clinicians and researchers

Å Outline:

ï My answer to the question at hand (preamble to 
that, levels of explanation)

ï Three major domains of inquiry relevant to 
stuttering

ï Discuss complex developmental pathways to 
stuttering, the Developmental Dynamics Model



²Ƙŀǘ ŎŀǳǎŜǎ ǎǘǳǘǘŜǊƛƴƎΚ ! /ŀǾŜŀǘ ǘƻ {ǘŀǊǘΧ

Wrong question to ask with regard to a complex 
highly heterogeneous human behavior.

.ȅ ŀǎƪƛƴƎ άǿƘŀǘ ŎŀǳǎŜǎ ǎǘǳǘǘŜǊƛƴƎΚέ ǿŜ ŜƴŎƻǳǊŀƎŜ ŀ 
linear thinking perspective-

A cause, a time before stuttering  was caused 
Then something happened and stuttering 

started

.ŜǘǘŜǊ ǉǳŜǎǘƛƻƴ άǿƘŀǘ ŀǊŜ ǘƘŜ ŦŀŎǘƻǊǎ ǘƘŀǘ 
contribute to the emergence of 
ǎǘǳǘǘŜǊƛƴƎΚέ 

Developmental Stuttering reflects just that- A 
Developmental Process. It does not exist 
at birth, rather it emerges in the 
preschool years due to complex 
interactions of speech motor and other 
neural systems.



ά²Ƙŀǘ ƛǎ ǎǘǳǘǘŜǊƛƴƎ ŀƴŘ Ƙƻǿ ŘƻŜǎ ƛǘ ŜƳŜǊƎŜ ƛƴ ŜŀǊƭȅ 
ŎƘƛƭŘƘƻƻŘΚέ

Å Stuttering is a neurodevelopmentalspeech production 
disorder with typical onset between the ages of 2 and 5 
years. Neurodevelopmentaldisorders arise during 
childhood due to atypical development of the central 
nervous system. The primary symptoms of stuttering are 
involuntary disruptions in the forward flow of speech. 
These observable disruptions in fluent speech production 
clearly reflect an underlying speech motor disorder, but 
also critical in the development and persistence of 
stuttering are the developing neural networks mediating 
language and psychosocial processes and their 
interactions with speech production systems. (Smith and 
Weber, in progress).



From this statement, clear that different levels of 
explanation are required.

Å One level that is relevant for 
understanding all complex human 
behaviors and /or disorders, from diabetes 
to stuttering. At this level, we need to 
understand that human behaviors  arise 
from an interaction of genes, the 
environment (internal and external), and 
epigenetic processes. 

Å Another level-specificto stuttering, 3 
major domains of inquiry relevant to 
understanding the onset in development 
of stuttering:  motor, linguistic, and 
psychosocial. 
ï describe some of the critical new 

data concerning these domains in 
preschool and school-age children 
who stutter. 

ï discuss how the interaction of 
complex developmental trajectories 
in these domains potentially leads to 
recovery from or persistence of 
stuttering.



Recent Advances - Multifactorial,  NeurodevelopmentalDisorder ς
Emerges through Epigenetic Processes

What is a neurodevelopmentaldisorder? 
Arises during childhood due to  atypical growth 

and development of the CNS

Neurodevelopmentaldisorders include autism, 
Fragile X Syndrome, Turner Syndrome, 22q 
Deletion Syndrome, Prader-Willi Angelman
Syndrome, Williams Syndrome, dyslexia, 
and specific language impairment. And 
STUTTERING

We know stuttering is a neurodevelopmental
disorder, because there are consistent 
anatomical and functional differences in 
the brains of AWS and CWS. During 
disfluentspeech the brain is not 
generating the correct command signals to 
the muscles involved in speaking.

Leads to the questions:  how does brain 
development typically occur? And what is 
atypical in the development of stuttering?

Chang, S-E.,Zhu, D.C., Choo, A., Angstadt, M. (2015). White matter 
neuroanatomicaldifferences in children who stutter.Brain. 2015 Mar;138(Pt 

3):694-711. large sample, 89 (47 CWS) aged 3-10 yrs.



Brain Development ςGenes, Epigenesis, Experience

Å Structure of the brain at any point in time is a product of interactions 
among genetic, environmental, and epigenetic factors (Lenroot& Giedd, 
2006).
ï Genes ςkeys on the piano, fixed at birth

ï Environment =both outside environment and the internal physiological milieu

ï EpigeneticsςǘƛƳƛƴƎ ŀƴŘ ƛƴǘŜƴǎƛǘȅ ƻŦ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ǘƘǊƻǳƎƘƻǳǘ ƭƛŦŜΣ ǘƘŜ άǇƭŀȅƛƴƎ ǘƘŜ 
Ǉƛŀƴƻ ƪŜȅǎέ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦ



.Ǌŀƛƴ ά²ƛǊƛƴƎέ - Synaptic Density & Start of Active Pruning or 
άCƛƴŜ ¢ǳƴƛƴƎέ ƻŦ .Ǌŀƛƴ CǳƴŎǘƛƻƴǎ
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Between 3 ς72 months

Dendritic  branching growth spurts and 
retractions

Left & Right Hemisphere follow  different 
growth patterns

At 3 months Right speech pre-motor> Left

At 1 year patterns reverses

By 42-72 months, Left .ǊƻŎŀΩǎhas structural 
dominance in dendritic branching.  

Great deal of evidence point to atypical 
anatomy and function of pre-motor  and 
motor speech areas in CWS and AWS.

Simonds & Scheibel, 1989, Brain and Language

Typical Brain Development -Speech-related areas of the brain undergo complex changes ς
e.g., .ǊƻŎŀΩǎArea



Typical and Atypical Epigenesis

Å Neonate cortex does not have 
localized functions at birth, allows 
interaction with the environment and 
epigenetic processes to play a crucial 
role in gene expression and in the 
ultimate phenotype (stuttering vs. 
not stuttering). Epigenesisis not 
predetermined, rather it is 
probabalistic(Karmiloff-Smith, 2007).

Å Synaptic pruning leads to 
specialization, and in atypical 
epigenesis, specialization is 
compromised.Therefore one should 
see more widespread atypical 
activity.

Å this is the case in stuttering.

Typical Development, Same child at
4 months           4.6 yr              10.8 yr



Atypical Epigenesis

Å Stuttering does not emerge due to an impaired speech motor module in the brain, or an impaired language 
center, or an impaired auditory monitoring system. All of these systems interact dynamically as the brain is 
developing speech motor skills.

Å Stuttering emerges as these areas undergo synaptic pruning and grow in interconnectivity. This ongoing 
remodeling of the brain is experience-dependent.. 

Å The probability of a child developing persistent stuttering changes over the pre-school years. 

Dorsal and ventral pathways in language development
Brauer, Anwander, Perani, Friederici. Brain and Language, 2013

The dorsal pathways of the 
language network in newborn 
infants, 7-year-old children, and 
adults. For newborns (A), no 
connection between the IFG and 
temporal regions is observed. 
Rather they only show a 
connection terminating in the 
premotorcortex. 



Twin Studies ςClues about the interactions of genes and 
environment and the role of epigenesis

Two persons with identical 
genes (MZ twins) may 
develop different 
phenotypes, e.g., one may 
stutter and one may not.

This points to the critical 
role of epigenetic factors.

Genes are not destiny. Child is born with some 
probably of stuttering based on his/her genes.



Twin Studies-
Evidence from Concordance Rates for MZ vs. DZ Twin Pairs 
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Adapted from P. Miller (2012) National Geographic
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** From Howie(1981) JSLHR& Felsenfeld et al., (2000)



Language

Emotion

Motor

Three Major Domains of Inquiry (and their interactions) Critical 
for Understanding Stuttering

Å Stuttering is a speech motor disorder. If the motor system does not produce 
atypical fluency patterns, it is not stuttering. Occurs only when individual is 
speaking, and speaking is always linked to language ςnot found in sign 
languages, though SLI.

Å ButΧƛǘǎ άŎŀǳǎŜǎέ ƘŀǾŜ ōŜŜƴ ƭƻŎŀǘŜŘ ƛƴ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ǎȅǎǘŜƳǎΣ ŦǊƻƳ ƭƛƴƎǳƛǎǘƛŎ ǘƻ 
emotional. 

Å Easy to understand why (Other systems studied because they clearly affect the 
nature and frequency of motor disruption), but involuntary disruptions in speech 
motor control processes are the essential, defining symptom of stuttering.

http://www.google.com/imgres?imgurl=https://classes.lt.unt.edu/Spring_2010/CECS_5420_020/na0031/assign3/child.jpg&imgrefurl=https://classes.lt.unt.edu/Spring_2010/CECS_5420_020/na0031/assign3/NCEC.html&h=400&w=307&sz=23&tbnid=lhroVJfG8kYazM:&tbnh=93&tbnw=71&prev=/search?q=picture+of+a+child&tbm=isch&tbo=u&zoom=1&q=picture+of+a+child&usg=__RRQbQ0RpTqPgE-x9qdEygbUFOoI=&docid=cKtP44CGIsGcDM&hl=en&sa=X&ei=5nnsT7f6LKKT6gHrtuWpBQ&ved=0CFMQ9QEwAg&dur=109
http://www.google.com/imgres?imgurl=https://classes.lt.unt.edu/Spring_2010/CECS_5420_020/na0031/assign3/child.jpg&imgrefurl=https://classes.lt.unt.edu/Spring_2010/CECS_5420_020/na0031/assign3/NCEC.html&h=400&w=307&sz=23&tbnid=lhroVJfG8kYazM:&tbnh=93&tbnw=71&prev=/search?q=picture+of+a+child&tbm=isch&tbo=u&zoom=1&q=picture+of+a+child&usg=__RRQbQ0RpTqPgE-x9qdEygbUFOoI=&docid=cKtP44CGIsGcDM&hl=en&sa=X&ei=5nnsT7f6LKKT6gHrtuWpBQ&ved=0CFMQ9QEwAg&dur=109


Typical Speech Motor Development

Typical Development: 
Interaticulatory
Coordination Indices. 
Oral motor Coordinative 
space gets smaller with 
maturation. Articulatory
patterns become highly 
stable and overlearned
motor programs. New 
evidence that CWS lag TD 
peers in speech motor 
development. And AWS 
have relatively unstable 
motor programs for 
speech both from 
articulatorykinematic 
studies and CNS 
functional studies.



Simple Sentences-
Sex Effects at age 4-5

Å From earlier work 
(Smith & Zelaznik, 
2004) know that 
typically developing 4 
and 5 year old boys lag 
girls on the lip 
aperture variability 
index. 

Å Sex has a significant 
effect on CWS as well, 
with CWS boys 
showing more 
variability than CWS 
girls at age 4-5 years. 

Å One  factor for greater 
vulnerability  of males 
to persistent 
stuttering.
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Journal of  NeurodevelopmentalDisorders.2015
Speech motor planning and execution deficits in early childhood stuttering.
Walsh B1, Mettel KM2, Smith A1

,  

http://www.ncbi.nlm.nih.gov/pubmed/26300988
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walsh B[Author]&cauthor=true&cauthor_uid=26300988
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mettel KM[Author]&cauthor=true&cauthor_uid=26300988
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith A[Author]&cauthor=true&cauthor_uid=26300988


Longitudinal Analysis of  Simple Sentences
Cross Sectional Analyses based on recovery status

Averaged Simple Sentence Data 

from 4-5 Year Olds
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Averaged Simple Sentence Data 

from 7-8 Year Olds
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From Walsh & Smith, In preparation.



Influence of Length and Syntactic Complexity on Speech Motor Performance

MacPherson, M. K., & Smith, A. (2013).Influences of sentence length 
and syntactic complexity on the speech motor control of children who 
stutter. Journal of Speech, Language, and Hearing Research, 56,89-10

https://www.purdue.edu/stutteringproject/wp-content/uploads/2013/04/MacPherson-Smith-2013.pdf


Functional Neural Systems for Language 
Processing

One of the critical features of 
the neurodevelopmental, 
epigenetic account of stuttering 
is the idea- in developing 
specialized regions/connections 
for speech/language functions, 
neural systems are highly 
interactive.  Thus the imprint of 
a ND disorder is not confined to 
one brain region.
Thus my colleague Chris Weber 
conducted a series of 
experiments on neural 
processing of language in AWS 
and CWS in tasks that required 
no speaking.



Language Processing and Adults who Stutter

Å AWS exhibited reduced negative ERPs to 

function words (N280), content words 

(N350), and semantic anomalies (N400) 

compared to AWNS (Weber, 2001).

Å Clear evidence that even when AWS do 

not speak, their brains have atypical 

language processing functional networks. 

Again, is this an early component of  dev. 

Stuttering?


