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Abstract 

Many individuals who suffer from stuttering in childhood 

recover. This suggests that there is plasticity in the processes 

leading to the disorder. Comparisons were made between 

fluent speakers and speakers who stutter (recovered and 

persistent) that were intended to elucidate details of this 

process. Socio-demographic, family history, speech and 

language, and imaging data are reported.  

1. Introduction 

Stuttering is a developmental speech disorder. It starts in early 

life and the majority of cases (up to 90%) recover before 

speakers reach teenage [1]. It tends to run in families, which 

suggests that there is a genetic predisposition to the disorder 

[2]. Brain scans in adults show that the disorder is not 

associated with major damage to particular CNS structures [3]. 

Hence, stuttering appears to be a functional speech disorder, 

often with an associated family history, which recovers in 

early development in most cases. The high recovery rate 

supports the idea that, in sufferers of this disorder, the speech 

production system exhibits plasticity in most cases. 

     The process by which recovery takes place still needs to be 

specified. To address this, cases where speakers recover or 

persist are compared. Such studies may provide information 

about the nature of normal fluency development as well as 

recovery from stuttering. The studies in section 2 give 

comparisons between fluent speakers and speakers who stutter.  

In section 3, comparison is made of individuals who were 

known to have stuttered in childhood, but either recovered or 

persisted when they were older. In both sections, we examine 

whether the different course of speech fluency for members of 

the two groups being compared (fluent speakers versus 

stutterers or recovered versus persistent stutterers) can be 

attributed to differences in demographic background, social 

pressures, and language performance. We also provide 

preliminary data concerning whether there are structural or 

functional differences in CNS operation for members of the 

two groups.  

2. Baseline: Comparison between fluent 

speakers and speakers who stutter  

2.1. Socio-demographic analysis of children who stutter 

To obtain an estimate of how frequent stuttering is in the 

population and to estimate chance of recovery, a large random 

sample is required that is followed up to an age after which 

recovery is unlikely. Only one such survey has been conducted 

to date [4]. The survey examined a range of socio-

demographic factors, and reported on language and general 

psychological background of children who stutter and control 

children. It was reported that many of the children who stutter 

were from lower social classes, more males than females 

suffered, persistence rate for both genders was around 80% 

(girls have about a 10% higher chance of recovery than 

males). Behaviorally, the children who stuttered were late 

talkers, and had a history of articulation problems, a family 

history of stuttering, poor left/right discrimination, and high 

emotional-dependence.

2.2. Family background 

Work subsequent to the Andrews and Harris’ survey has tried 

to estimate the environmental and genetic contributions that 

lead individuals to stutter. This research has examined adults 

who stutter, and has shown that a significant proportion of the 

variance in the likelihood of stuttering can be attributed to 

additive genetic effects [2]. Stuttering that persists into 

adulthood may contrast with the form early in development as 

there are quantitative changes, such as different sex ratios at 

onset compared with when the speakers are older, as well as 

qualitative changes, such as differences in the types of 

disfluencies that occur most frequently at different ages (see 

next section). Here a preliminary report is offered of the first 

study that has examined twins who stutter, and which 

analyzes the extent to which shared genetic and 

environmental factors underlie early behaviors classified by 

parents as stuttering. It employed data from the Twins’ Early 

Development Study (TEDS), which is a large-scale 

population-based twin sample (involving more than 15000 

pairs of twins born in the UK from 1994 to 1996). Parental 

report regarding stuttering was collected at ages 2, 3, 4 and 7, 

from which a combined measure across ages was compiled. 

Liability threshold twin modelling techniques were used to 

assess the genetic and environmental aetiology of this 

disorder in childhood. Full sex limitation models were applied 

throughout. ACE models allow the variance to be partitioned 

into additive genetic (A), shared or common environment (C) 

and nonshared or unique environmental (E) influences. ACE 

models without quantitative sex differences fitted the data 

best at ages 2 (A 30%, C 51% E 19%) and 3 (A 82%, E 17% 

for boys and A 17% E 82% for girls) whereas at age 4 an AE 

model showed the best fit (A 75% E 25%). The earlier 

indicators of stuttering were found to be less predictive of 

stuttering at the age of 7 which might be one reason for the 

differences in heritability patterns. Another reason is changes 

in the sex ratio that occur during these years. The pattern at 

age 2 years is consistent with the heritability data for other 

cognitive measure at these ages, where it is frequently 

reported that the extent of shared environmental factors is 

higher earlier on and decreases with age. By age 4 the 

likelihood of stuttering falls within the same range as that 

previously reported for adults [2]. These estimates for adults 
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showed that 70% of the variance was attributable to additive 

genetic, with the remainder due to nonshared environmental, 

effects [2].

2.3. Speech and language functioning 

Typical disfluency events seen in stuttered speech are 

summarized in Table 1. These have been divided into the two 

classes, stallings and advancings. In a phrase like ‘he spilt’ 

(function word followed by content word), problems are 

assumed to arise because of the difficult content word. 

Speakers can stall before the content word and then produce it 

fluently (e.g. ‘he, he spilt’), or can advance and attempt the 

difficult content word before they are fully ready and then 

produce the first part disfluently (e.g. ‘he sspilt’). Stallings 

occur mainly on or around function words and occur mainly 

in the speech of children whereas advancings occur mainly on 

content words. It will be noticed that none of these events is 

specific to stutterers. This suggests that there is no event that 

is a clearcut sign of stuttering, and has been interpreted as 

showing that the difference between speakers who stutter and 

fluent speakers is a matter of degree rather than kind [5].  

Table 1: Examples of stalling and advancing disfluencies 

Stalling Advancing 

Hesitation (filled/unfilled 

pauses) 

Prolongation 

(sssister) 

Word repetition  

(I, I, fell)  

Part-word repetition 

(s.s.sister) 

Phrase repetition  

(if he, if he) 

Word break  

(s-ister) 

     Disfluency rate has been plotted separately for function and 

content words for different age groups [6] for fluent speakers 

and speakers who stutter in Figure 1. There are several 

observations about these data. Firstly, fluent speakers have a 

higher ratio of disfluencies on function, than content, words, at 

all ages. Secondly, speakers who stutter have a higher overall 

disfluency rate at all ages than fluent speakers. Thirdly, the 

pattern for speakers who stutter changes with age. Young 

children show a higher incidence on function than on content 

words. Function word disfluency rate decreases with age and, 

as it does so, content word disfluency rate increases. These 

findings may indicate that function word disfluency helps 

prevent content word disfluency, and that if you do not 

produce function word disfluencies, then you will produce 

content word disfluencies. Fourthly, the change with age 

might be linked with the chance of recovery. Before age 12 

function word disfluencies predominate (as with fluent 

speakers) whereas beyond 12 both types occur with a similar 

frequency. Note, though, that the change across ages is 

gradual.  

     If the stalling-advancing account of function and content 

word disfluencies is correct, it would appear a) that stallings 

do not produce long term fluency problems (fluent speakers 

and children who stutter, many of whom will recover, produce 

them and it does not cause a long-term problem), b) speakers 

who stutter make a change in the way they control speech, 

which is complete by about age 12 and which then prevents 

them from recovering (i.e. they appear to have made a change 

to speech control that prohibits their recovery).  
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Figure 1: Disfluency rate on function and content words 

for fluent speakers and speakers who stutter against age 

(age increases for the groups labeled on the abscissa)

2.4. Imaging 

Early findings using brain imaging reported that there were no 

structural differences between the brains of speakers who 

stutter and those of controls [3]. Since then, as techniques 

have improved, some differences have been reported [7] Using 

diffusion tensor imaging, Sommer et al [7] found a white 

matter anomaly underlying the laryngeal and tongue 

representation in sensorimotor cortex on the left, suggesting a 

disruption in the circuitry connecting speech-related cortical 

areas.  Foundas et al [8] also reported unusual gyral 

morphology in this region. Functional brain imaging studies, 

show reduced activity in posterior language areas (Wernicke’s 

area) during stuttered speech and hyperactivity of motor 

speech areas, particularly in the right hemisphere. Our 

preliminary imaging studies find, during overt speech, 

significantly greater activity in the cerebellum in persistent 

cases compared to controls and significantly less activity in 

medial motor areas, such as the SMA, pre-SMA and anterior 

cingulate cortex (Figure 2). The small group of recovered 

cases do not differ from either the controls or the persistent 

cases in their cerebellar activity with mean activity levels 

falling somewhere between the two groups.  Their activity in 

anterior cingulate cortex, however, does not significantly 

differ from that in the controls (Figure 3). 
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Figure 2: Average signal change during overt sentence 

reading vs. silence in the cerebellum for the 3 groups: 

persistent cases (PDS); recovered cases (RDS) and controls 

(CON).  a.u. – arbitrary units 
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Figure 3: Average signal change during overt sentence 

reading vs. silence in the anterior cingulate cortex for the 3 

groups: persistent cases (PDS); recovered cases (RDS) and 

controls (CON).  a.u. – arbitrary units

2.5. Summary  

The survey data show that there are few qualitative social 

factors that differentiate fluent speakers and speakers who 

stutter. The main factor that differentiates speakers who stutter 

from fluent controls is gender. Our own work and other 

studies have all consistently shown that there is an association 

with family background of the problem. The language analyses 

suggest a long history of the disorder in an individual leads to 

a change in the pattern of stuttering. There are subtle 

differences in brain structure and function, particularly in the 

speech circuitry (both these may be acquired, as scans have 

only been done on older participants).  

     An interpretation of these findings is that stuttering is a 

disorder for which there is a family predisposition, particularly 

in males. Gender and a family history set the precursor 

conditions for the disorder to develop. Language performance 

changes over development and the scanning differences may 

be a result of these changes in the way language functioning 

alters. Language performance changes show that the older 

speakers (those who have persisted) modify the way language 

is controlled in later life. Two fundamental questions are 

whether this tentative interpretation holds up when recovered 

and persistent cases are examined and, if so, how the late 

change to the persistent pattern arises. Next we compare 

recovered and persistent cases to address the first of these 

issues. 

3. Comparisons between recovered and persistent cases  

3.1. Demographic description of recovered and persistent 

cases  

The data reported here were obtained from 61 children who 

participated in a longitudinal study on developmental 

stuttering. The children were recruited from secondary 

referrals to clinics specializing in treating stuttering, and the 

diagnosis was confirmed at outset (between the ages of 8 and 

10 years) and the children were reassessed when they were 13-

14 years old. The latter age is reported to be the age after 

which recovery is unlikely [4]. At both ages, the speech of the 

children was recorded (monologue, dialogue, reading) and 

assessed for stuttering. Parents and the children filled in 

questionnaires, which were used to establish whether the child 

was still stuttering. The interviewer who conducted these tests 

and administered the questionnaires who had worked with the 

children and their families throughout the test period, 

conducted a further interview and gave an opinion as to 

whether the child was still stuttering (persistent) or not 

(recovered). The assessments of the parent, child and 

interviewer had to correspond to be designated to a category 

(persistent or recovered). Ten children who did not meet the 

three-way criterion had been dropped prior to this study.  

     As with the comparison between fluent children and 

children who stutter, there were few differences between 

persistent and recovered cases. Moreover when there were 

differences, these were related to those found between fluent 

children and children who stutter. This is shown in Table 2 

where the differences between recovered and persistent cases 

are given alongside those found between fluent speakers and 

all stutterers. Exceptions where there were differences were in 

recovery rates (80% vs 49%), gender ratio (2.4:1 vs 5.1:1) and 

persistence rates (21% vs 49%). All these are explicable in that 

the speakers in Andrews and Harris’s survey (from which the 

fluent-stuttering findings were obtained) were younger than 

the persistent-recovered groups reported here on the 

assumption that the influences they found are progressive with 

age. In addition to the demographic differences, the persistent 

cases had a higher tendency for a history of the disorder in the 

family, showed poorer left-right discrimination and had high 

emotional dependence relative to the recovered cases (once 

again, these correspond with what Andrews and Harris 

reported).  

Table 2: Summary of differences between fluent and 

stuttering subjects and between persistent and recovered 

stutterers. 

Fluent-Stuttering Persistent-

Recovered 

Social class 

(primary earner) 

Social class IV 

and V 

Marginal effect for 

fewer children of 

blue collar 

workers to recover 

Chance of recovery 80% 49% 

Boys recover - 52.9% 

Girls recover - 40% 

Gender 

(male:female) 

2.4:1 5.1:1 

Persistent/all 

children reported to 

stutter 

9/43 (21%) 30/61 (49%) 

3.2. Family background  

Although there is ample evidence that a substantial proportion 

of people who stutter will recover [6], there has been little 

research into the family history of recovery and persistence. 

Therefore, we conducted a study which examined the families 

of 54 of the children (32 persistent and 22 recovered) and 

from families of 16 control children. Analysis provided 

support for a genetic component with a positive family history 

of stuttering in 67% of children who stutter compared to 37% 

of control children. Further analysis indicated that recovery or 

persistence is not transmitted genetically with equal numbers 

of recovered and persistent relatives being found in the 

families of the recovered and persistent groups of children 

who stutter. This contrasts with [9]. The findings overall may 

suggest that there is a family predisposition to stuttering, but 
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that plasticity is not inherited. To put it another way, though 

there may be factors that predispose certain individuals to 

start stuttering (as concluded at the end of the previous 

section), differences between persistent and recovered cases 

appear to be functional. 

3.3. Speech and language functioning  

Earlier, we hypothesized a link between stalling- and 

advancing insofar as the content word is the source of 

difficulty in utterances like “he, he spilt” and “he s.spilt”. The 

overt characteristics in these two forms of disfluency are 

associated with function and content words respectively, and 

disfluency associated with function words does not seem 

problematic (fluent speakers, and young children who stutter, 

who have a high chance of recovery, use stalling). If function 

word repetition provides a way of avoiding disfluency and, 

therefore, a way of preventing stuttering becoming persistent, 

then this form of disfluency should occur when a difficult (but 

not an easy) content word is coming up. To test this idea we 

have developed various ways to quantify the difficulty of 

content words [10]. Then we have compared these measures of 

difficulty on content words preceded by function words on 

which no stalling occurred with similar cases where stalling 

did occur. We have made these comparisons in both fluent 

toddlers’ speech and that of young children who stutter. In 

both cases the content words from the vicinity of stallings 

were significantly more difficult than cases where there was no 

stalling. This supports the hypothesis that stalling is initiated 

to avoid content word disfluency. While speakers who stutter 

continue doing this, they have a high chance of recovery. If 

speakers change and advance to the content word, they 

produce disfluencies that indicate that the content word is only 

partly prepared and the chance of recovery decreases. The 

question may legitimately be asked why this change occurs if 

it has such disastrous effects. A possible answer is offered in 

section 4. 

3.4. Imaging  

To date we have not found any differences between recovered 

and persistent stutterers. However, this may be because we 

have low power (small N). We need to establish whether the 

change in type of stuttering leads to functional differences in 

the CNS.   

4. Summary and conclusions 

The findings reported confirm that stuttering is more likely in 

boys, particularly when they have a family history of the 

disorder. The chances of recovery for both genders is high. A 

persistent problem does not seem to be associated with family 

background, social factors or CNS problems. Recovery does 

seem to be affected by the way in which speakers deal 

linguistically with the fluency problems. 

     As mentioned, several reports are now available that 

indicate that speakers who stutter change from producing 

stallings to advancings as they get older [6]. One explanation 

for why this occurs is that it arises because of the impact that 

changes in the frequency of usage of content words acquired 

late in life. (Function word usage remains constant once a 

child has learned the syntax of a language, thus, we can 

concentrate on changes that happen to content words alone as 

a way of modeling developmental changes.) Speakers acquire 

more content words as they get older and these tend to be 

more complex ones. In addition, as more content words are 

acquired, the long-term frequency of occurrence of all content 

words is diluted. The reduced frequency of usage of individual 

content words would have a disproportionate effect on words 

which are acquired late in life, compared with when they are 

acquired early, in life (the more content words you use, the 

lower the frequency of usage of individual words). If speed of 

lexical planning or retrieval is determined in part by a word’s 

frequency, access time would tend to decrease for all words a 

speaker uses. This would reduce the chance of content words 

(particularly those acquired recently) being ready in time for 

output. Elsewhere we have argued that increased planning 

time increases the incidence of advancing-type disfluencies. 

Thus the emergence of advancings could be a result of 

automatic changes to these speakers’ speech as they acquire 

more words as they get older.   
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