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Abstract

Over the past 10 years, we (the Purdue Stuttering Project) have implemented longitudinal studies 

to examine factors related to persis-tence and recovery in early childhood stuttering. Stuttering 

develops essentially as an impairment in speech sensorimotor processes that is strongly influenced 

by dynamic interactions among motor, language, and emotional domains. Our work has assessed 

physiological, behavio-ral, and clinical features of stuttering within the motor, linguistic, and 

emotional domains. We describe the results of studies in which measures collected when the child 

was 4 to 5 years old are related to eventual stuttering status. We provide supplemental evidence of 

the role of known predictive factors (e.g., sex and family history of persistent stuttering). In 

addition, we present new evidence that early delays in basic speech motor processes (especially in 

boys), poor performance on a nonword repetition test, stuttering severity at the age of 4 to 5 years, 

and delayed or atypical functioning in central nervous system language processing networks are 

predictive of persistent stuttering.
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Our work to determine which factors can be used to determine the likelihood that stuttering 

will persist in preschool children is framed within the multifactorial dynamic pathways 

(MDP) theory, our attempt to integrate current knowledge about how stutte-ring develops.1 

At the core of our theoretical account is the assertion that stuttering deve-lops essentially as 

an impairment in speech sensorimotor processes that is strongly influ-enced by dynamic 

interactions among motor, language, and emotional domains. Another critical aspect of 

MDP theory is a strong emphasis on the complex maturational proc-esses ongoing during 

the period in childhood in which stuttering initially appears and then takes its course either 

to recovery or persis-tence (see Fig. 2 in Smith and Weber).1 We emphasize that children 

who begin to stutter follow heterogeneous “pathways” through this developmental period, 

during which different factors influence the child’s eventual stuttering status.

Our research team employs this theoreti-cal framework to guide both experimental and 

clinical approaches to the problem of develo-ping a predictive battery of tests to use in 

young children who are stuttering (CWS). Fig. 1 summarizes the theoretical, experimen-tal, 

and clinical levels of inquiry in our research on early stuttering. This research program, 

which we have called the Purdue Stuttering Project, has been funded by the National 

Institutes of Health, Institute on Deafness and Other Communicative Disor-ders since the 

late 1980s. We initially investi-gated the physiological correlates of stuttering in adults. Over 

the years, we learned, from the work of our laboratory and many others, how stuttering is 

expressed in central neurophysio-logical, peripheral physiological, and behavio- ral levels in 

adults. A key conclusion drawn from the work in adults who stutter is that stuttering is not 

“caused” by a single factor, such as atypical development of a specific brain region or 

heightened muscle activation during speech. Instead the peripheral and central physiological 

correlates of stuttering in adults are complex and widespread among many different 

functional systems.

In the last two 5-year research plans of the Purdue Stuttering Project, we designed and 

implemented longitudinal studies of preschool CWS and age-matched, nonstuttering peers. 

The two 5-year projects differed in a few significant ways; thus, we will refer to them as 

Phases I and II. In both phases combined, we recruited and followed cohorts of 

approximately 150 CWS and approximately 70 children who do not stutter (CWNS) in 

yearly visits to our laboratories. In Phase I, subsets of CWS and CWNS were recruited and 

followed longitudi-nally at the University of Iowa with Dr. Tricia Zebrowski as 

coinvestigator. The children par- ticipated in a wide range of evaluations, inclu-ding careful 

assessment of their stuttering behaviors, linguistic skills, and a variety of other clinical 

measures. They also participated in experiments to probe development in the motor and 

language domains. We assessed neural processing during language perception tasks. In other 

experiments, we recorded muscle acti-vity and articulatory movements during speech and 

other motor tasks. In longitudinal Phase II, we introduced an experimental arm to investi- 

gate emotional factors in early stuttering using behavioral and physiological (recording auto-
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nomic nervous system activity) measures during speech and other behaviors. In this article, 

we present a summary of our current, multileveled findings concerning factors related to 

persis-tence and recovery of stuttering in childhood. The organization of this study follows 

the diagram in Fig. 1 in discussing our approach and findings at theoretical, experimental, 

and clinical levels, and considers predictive factors within the motor, linguistic, and 

emotional domains.

OVERALL GOALS, STUDY DESIGN, AND STUTTERING DIAGNOSIS

A key element of the Purdue Stuttering Project Phases I and II is its prospective cohort 

design. Stuttering and nonstuttering children typically were recruited into our project when 

they were 4 to 5 years old. They were then followed longitudinally in yearly visits until age 

9 or 10 years. Critically, this design allowed us to obtain a final determination of their status, 

stuttering eventually persisted (CWS-eP) or recovered (CWS-eR). When eventual stutte-ring 

status was known for the older children, we could then “go back” to examine the results 

from clinical, behavioral, and physiological assessments in the first year when they entered 

the project. Using this method, we could deter-mine if, for example, CWS at age 4 to 5 years 

who had low scores on speech motor coordina-tion, or phonological abilities, or nonword 

repetition tasks, were more likely to persist in stuttering.

Clearly a fundamentally important issue is the determination of whether a child is stutte-ring 

or not at each yearly visit. The lead speech–language pathologist (SLP) for the project 

assessed the children who were thought to stutter on entry to the project. During the initial 

visits with each child, we determined whether they met our diagnostic criteria for stuttering 

and, if so, could be enrolled in the longitudinal study. We used Yairi and Ambro-se’s three 

criteria for inclusion in the CWS cohort.2 In our experience, several factors were critical in 

determining the child’s initial stutte-ring status, as well as the child’s status in each 

subsequent year of participation in the study (i.e., recovered or persisting).

Obtaining a representative speech sample was an essential element in the diagnostic process 

and required collaboration with caregi- vers to ensure accurate assessment of the fre-quency 

and type of stuttering-like disfluencies (SLDs) in the child’s speech. We obtained two 

speech samples from each child, the first in a play session with a parent or caregiver and the 

second with a clinician. This allowed us to analyze disfluencies in more than one spea-king 

context. As recommended by Yairi and Ambrose, we obtained samples of 750 to 1,000 

words over these two contexts.3 Clinicians may find that a shorter sample (i.e., 600 

syllables) is sufficient to gain an accurate picture of stuttering severity for many CWS; 

however, for children whose stuttering may be mild, or demonstrate avoidance of certain 

words, a lon-ger sample is likely to yield a more accurate diagnosis. An established metric 

that we use to help diagnose stuttering in children is 3 or more SLDs per 100 syllables of 

conversational speech. From these speech samples, we also computed a weighted index of 

SLDs (WSI) for each child.4 This measure is particularly sensi-tive, because it captures not 

only the frequency of SLDs but also the number of iterations or repetitions and the specific 

type of SLD (e.g., dysrhythmic phonations such as blocks or pro-longations, part and whole 

single-syllable word repetitions). The WSI assigns a higher weight to dysrhythmic 
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phonations, given that these particular SLDs are absent or rare in the speech of typically 

fluent children. A WSI of 4.0 or higher indicates stuttering.

We obtained stuttering severity ratings on an 8-point scale (0–1 normal; 2–3 mild stuttering; 

4–5 = moderate stuttering; 6–7 = severe stuttering) from caregivers and the pro-ject SLP 

during each visit. In a few instances in the speech sample analyses, we obtained less than 3 

SLDs/100 syllables of speech, although both the caregiver and clinician rated the child a 2 

(mild) or higher in severity. Additional infor-mation was obtained in these cases. The child 

was observed in other speaking contexts, for example, during conversations with siblings or 

while participating in experimental tasks as part of the study. The lead SLP used these 

observa-tions, together with caregiver information pro-vided during interviews and results 

from the Test of Childhood Stuttering5 (TOCS, see later) to diagnose a child as a CWS (or a 

CWNS) and, in later years, his/her status as persisting or recovered.

Speech samples are invaluable for obtai-ning comprehensive fluency profiles and expres-sive 

language abilities, yet they are admittedly time consuming. In Phase II, we added the TOCS, 

a norm-referenced stuttering assess-ment, to our diagnostic battery. The speech fluency 

component of this measure assesses fluency in structured contexts, for example, at the word, 

sentence, or conversational levels. Lower TOCS scores indicate more severe stut-tering. 

Observational rating scales completed by caregivers assess a child’s fluency and related 

behaviors in different environments. Such information is important to assess the child’s 

willingness to speak in situations such as a preschool classroom or at family gatherings and 

to determine if anxiety or avoidance beha-viors related to stuttering are present.

We recently compared the number of child-ren diagnosed as stuttering both by the project 

SLP and caregiver during their initial visits of Phase II (i.e., child received a 2 or higher on 

the severity scale) with the results from the TOCS and WSI. Among the 51 children with 

final diagnoses of stuttering by the project SLP, the WSI identified approximately 86% or 44 

child-ren as stuttering and the TOCS identified over 90%, or 46 children as stuttering. Two 

children presenting with mild stuttering were not identi-fied with either of these measures.

We computed Pearson’s correlation coef-ficients to examine the relationships among WSI 

and TOCS scores and parent and clinician ratings from this cohort of 51 CWS. The results 

are provided in Table 1. Scores from the TOCS and WSI were moderately negatively 

correla-ted; higher WSIs and lower TOCS scores indicate more severe stuttering, while 

stronger correlations were observed between these mea-sures and clinician ratings. We did 

not find a significant relationship between parent ratings and either the TOCS or WSI, 

although parent and clinician ratings were modestly correlated. These findings suggest that 

the TOCS and WSI tap into some overlapping and some independent phenomena related to 

the child’s stuttering behaviors and experience. The higher correlation (r = 0.66) between the 

WSI and clinician rating also suggests that the clinician’s ratings are more closely tied to the 

type and frequency of SLDs compared with the parent ratings (r = 0.24). In our experience, 

caregi-vers’ qualitative input regarding their child’s fluency fluctuations under different 

demands and communicative contexts, along with details regarding a child’s reactions to 

stuttering, are essential components of the diagnosis. These findings also highlight the 

importance of clini-cal experience and intuition as integral pieces of evidence-based 
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stuttering diagnostics. The two children diagnosed by the project SLP with mild stuttering, 

but not by the WSI or TOCS, have not met criteria for recovery, so are consi-dered to be 

persisting.

EXPERIMENTAL LEVEL: NEUROBIOLOGICAL CLUES INTO THE 

PROCESSES OF RECOVERY AND PERSISTENCE

By discovering the peripheral and central phy-siological markers of the emergence of 

persistent stuttering in childhood (and characteristics of the pathway to recovery), we 

unearth potentially important clues as to what measures might be the most promising 

predictors of stuttering chroni- city. These predictors are important from a theoretical 

standpoint as they advance our understanding of stuttering, and they may also have 

important clinical implications for impro-ving diagnostic and treatment protocols. We 

readily acknowledge that the experimental methods used in our physiological investigations 

of stuttering are not available to most clinicians. Yet the past decade has seen a dramatic 

increase in wearable biosensor technology.6 Several of the physiological signals that we 

collect in our laboratories (e.g., skin conductance, heart rate, and articulatory movement 

data; see the follo-wing sections) can be collected with disposable biosensors that transmit 

signals to devices such as a personal digital assistant or smart phone for analysis. Thus, 

empirical findings such as ours may guide the development of such devices for future 

clinical use and will have important implications for predicting the likelihood of stuttering 

persistence.

ERP Correlates of Language Processing Associated with Recovery and Persistence

Event-related brain potentials (ERPs) are electroencephalographic (EEG) signals that are 

averaged to produce a brain wave response pattern time-locked to the onset of a stimulus. 

Depending on the nature of the experimental task, ERPs are associated with sensory, linguis-

tic, and cognitive processes.7 ERPs related to linguistic and emotional processing have been 

shown to be dynamic markers of development during the preschool and school-age years—

the sensitive period of development in which spontaneous recovery from stuttering will or 

will not occur.

Earlier ERP studies from our group revea-led atypical language processing in some adults 

who stutter compared with fluent adults (revie-wed in Smith and Weber1). These findings 

suggested that, in the absence of overt language deficits, subclinical differences in neural 

activity for perceptual language processing may repre-sent potential risk factors for 

persistent stutte-ring.1 We explored this through several prospective studies comparing ERP 

amplitude, latency, and distribution associated with semantic, syntactic, and phonological 

proces-sing in CWS.

Kreidler and colleagues8 used ERPs as an index of semantic processing in 5-year-old CWS-

eP, CWS-eR, and CWNS while they listened to sentences presented in a story con-text. Most 

of the CWS-eR exhibited a more mature pattern of ERP responses, similar to those seen in 

adult listeners, compared with CWS-eP. This finding suggested that future recovery from 

stuttering is associated with earlier maturation of semantic processes in the preschool years. 
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In a study of 6- to 7- year-old children, ERPs associated with syn-tactic processing were 

obtained from children already recovered from stuttering (CWS-Rec), children who were 

persisting (CWS-Per), and fluent controls.9 We measured ERPs elicited by syntactic (phrase 

structure) violations within Jabberwocky sentences. Jabberwocky sentences consist of 

English function words but nonsense content words. This paradigm was used to isolate 

syntactic processing by removing seman- tic information. We found the expected pattern of 

ERP responses to syntactic violations in most of the CWS-Rec and CWNS; however, we 

observed an atypical ERP response pattern in some of the CWS-Per. This finding suggests 

that neural mechanisms associated with syntactic processing are less mature in school-age 

children with persistent stuttering.

Finally, in a study of phonological proces-sing in 7- to 8-year-old CWS-Per, CWS-Rec, and 

CWNS, we examined ERPs elicited to pairs of rhyming and nonrhyming nonwords 

presented through speakers.10 Nonwords were selected to index phonological processing in 

the absence of semantic information. When the pairs of nonwords rhymed, the recovered and 

control children displayed the expected neural indices of early rhyme segmentation and 

rehearsal over anterior brain areas (called the anterior onset rhyme effect), but this effect was 

absent in the persisting children. This finding suggests atypical neural patterns underlying 

phonological processing in some CWS-Per. Furthermore, fluent controls exhibited the 

anterior-onset rhyme effect over both hemi-spheres, but this effect was only observed over 

the right hemisphere in the recovered children. Compared with typically developing 

children, hemispheric differences in ERP correlates of phonological processing were evident 

even after recovery from stuttering.

In summary, the use of ERPs elicited during receptive language tasks revealed that persistent 

childhood stuttering, even as early as the preschool years, is associated with atypical brain 

responses in terms of amplitude, latency, and distribution. These findings clearly point to a 

lag in the neurodevelopment of language for a significant proportion of CWS, with the path 

to recovery marked by a maturational shift toward more typical, adult-like ERP patterns of 

lin-guistic processing. Conversely, the persistence of stuttering is marked in some children 

by the continued presence of less mature, atypical patterns of brain activity.

Neural Activity during Speech Production in Stuttering

There is emerging evidence of atypical neuro-anatomical development in CWS; however, we 

know little about brain activation during speech production. Functional near-infrared 

spectros-copy (fNIRS) is a noninvasive, child-friendly optical neuroimaging method that 

measures the relative concentration changes in oxygenated hemoglobin (Oxy-Hb) and 

deoxygenated (Deoxy-Hb) hemoglobin in cerebral capillary blood. These hemodynamic 

activation patterns provide an indirect measure of cortical activity in the region and are not 

as susceptible to movement artifact as EEG recordings. Recently, Walsh and colleagues11 

assessed hemodynamic patterns during overt speech production in school-age CWS-Per and 

CWNS with fNIRS. The children completed a picture description task while we recorded 

hemodynamic activity over neural regions integral to speech production and implicated in 

stuttering: inferior frontal gyrus (IFG), pre-motor cortex (PMC), and superior temporal 

gyrus.
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A major finding from this cross-sectional study was the markedly different speech-related 

hemodynamic activation patterns between the two groups of children during fluent speech 

production. Although fluent controls showed clear speech-related activation of left dorsal 

IFG and left PMC, most CWS demonstrated the reverse, a deactivation over these left hemi-

sphere regions. Earlier studies suggest that regions such as the left IFG comprising Broca’s 

area develop atypically in some children who stutter.12,13 Our study is the first to 

demonstrate speech-related functional differences in brain activation patterns between 

groups of children who do and do not stutter.

An interesting question we wished to explore was whether or not the differences in brain 

activation patterns during speech could differentiate individual CWS and CWNS. Therefore, 

in a follow-up study, we explored whether discriminating features extracted from children’s 

hemodynamic responses could be used to statistically classify individual CWS-Per or 

CWNS into their respective speaker groups.14 Using a feature set extracted from Oxy-Hb 

and Deoxy-Hb speech activation pat-terns from mostly left hemisphere fNIRS chan-nels, we 

identified neurophysiological biomarkers of stuttering that distinguished CWS from CWNS 

with nearly 88% accuracy. As a next step, we used the same classification algorithms on a 

new dataset from a group of CWS-Rec to determine whether their hemo-dynamic patterns 

would classify them as CWS-Per or CWNS. Interestingly, the majority, 71%, of these 

children classified as CWNS. Given that these children are no longer stutte-ring, we assume 

that normal speech function has returned. Our neurophysiological findings support this, as 

speech-related hemodynamic activity patterns from recovered children were, on average, 

more similar to children who had never stuttered than children who persisted. Yet, without 

longitudinal data, we can only speculate about a potential relationship between 

neurophysiology and stuttering behaviors.

Physiological Studies in the Emotional Domain

An increasing number of studies have been conducted in recent years using behavioral 

observation, caretaker reporting, and psycho-physiological measures to investigate potential 

relationships between early childhood stutte-ring and emotional reactivity and regula-tion.
15,16 Emotional reactivity refers to the arousal of cognitive, autonomic, and endocrine 

processes in response to a stimulus. This reac-tion, in turn, can be modulated by self-regula-

tion.17 As part of the initial assessment battery, we obtain a temperament profile for each 

child using the short form of the Children’s Behavior Questionnaire (CBQ).18 The CBQ is 

an estab-lished measure of temperament based on paren- tal report to assess temperament 

characteristics. We also administered the KiddyCAT to each participant.19 This measure 

assesses a child’s attitude about his or her communication through 12 yes/no questions. 

Children who receive higher scores on this measure are consi- dered to have more negative 

attitudes about their speaking abilities.

Given the complexity of the potential relationship among emotional factors and stut-tering, 

investigations integrating both behavi-oral and physiological measures may provide more 

fruitful insights. Recently, we and others have incorporated psychophysiological measu-res 

(e.g., electrophysiology, electrodermal, and heart rate measures) to observe and measure 

covert arousal responses from CWS during different communicative contexts.20,21–23 This 
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approach permits us to examine important questions about whether some CWS show higher 

sympathetic arousal, particularly during speaking tasks, compared with CWNS, and if CWS 

show higher sympathetic arousal during moments of stuttering compared with when they are 

speaking fluently.

To date, we have recorded skin conduc-tance and blood pulse volume measures, sensi-tive 

indices of sympathetic nervous system arousal, in over 70 preschoolers, 46 CWS, and 25 

CWNS. We found that CWS had significantly higher skin conductance levels compared with 

their fluent peers during both speech and nonspeech (i.e., blowing on a party favor and jaw 

wagging) experimental tasks.22 The participants had similar skin conductance levels at 

resting baseline at the beginning of the experiment, which provides evidence that CWS do 

not have inherently higher arousal levels, rather the higher arousal levels appear to be task 

related. It is important to note that, although we find significant statistical differences bet-

ween groups of CWS and CWNS in skin conductance levels, measures from the two groups 

are overlapping. A recent longitudinal study revealed significantly higher sympathetic 

arousal in CWS-eP compared with CWS-eR during a stressful naming task.24 More longi- 

tudinal research examining whether heightened sympathetic activity in some CWS 

represents an early biomarker of chronicity is merited.

In a follow-up study, we analyzed sympa-thetic arousal in a group of CWS who produced 

fluent and disfluent utterances during a picture description task.25 We noted larger skin con-

ductance responses occurring at a greater fre-quency along with reduction in blood pulse 

volume amplitude (indicative of increased sym-pathetic arousal) during stuttering. Because 

stuttering awareness is emerging in these young children,26 we do not suggest higher arousal 

reflects anticipation of or undue anxiety about stuttering. Rather we propose that increased 

sympathetic arousal levels during speaking may contribute to instability in the speech 

systems of CWS, thus increasing the probability of break-downs. On the other hand, phasic 

increases in arousal during stuttering moments may indicate awareness, at some level, of 

these involuntary disruptions. As suggested previously, through longitudinal investigations, 

we can determine whether heightened sympathetic arousal, parti- cularly during disfluent 

speech production, is associated with chronic stuttering and a factor in the development of 

communication anxiety in those who stutter.27

In a separate study of emotional reactivity and regulation in 5- to 8-year-old CWS and 

CWNS,28 we recorded ERPs elicited by ima-ges of children’s faces that displayed negative 

emotions such as anger or fear to explore neural reactivity to aversive stimuli. In another 

condition, these threatening facial expressions were preceded by a mollifying auditory cue 

(e.g., the child heard “Joe is pretending” prior to seeing an angry face). This experimental 

design allowed us to measure the brain’s initial response to the threatening stimuli 

(emotional reactivity), as well as any reduction of this ERP response by receiving 

information that neutralized the threat (emotional regulation). We examined a late positive 

ERP component (300–1,000 ms after face presentation) which has been correlated with 

emotional arousal. We found that the two groups of children reacted to the aversive stimuli 

simi-larly, exhibiting a higher amplitude ERP response to threatening faces compared with 

neutral faces. The amplitude of this ERP was downregulated when the threatening face was 

preceded by a neutralizing audio cue in both CWS and CWNS. We note that our findings are 
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not mutually exclusive from behavioral observation and parental reporting of subtle 

differences in emotional processes between young CWS and CWNS.29,30

Physiological Studies in the Motor Domain

Early studies in adults who stutter revealed differences in the speed, timing, and coordina-

tion of articulatory movements during percep-tually fluent speech.31 At that time, it was 

unclear, however, whether the differences in speech motor parameters observed in adults 

who stutter were present near the onset of stuttering, distinguishing CWS from fluent peers. 

In our longitudinal work with preschool aged CWS, we have recorded articulatory 

movements of the jaw and lips with small infrared markers during speech production. We 

assess fundamental characteristics of speech movements, including duration, amplitude, 

velocity, and a measure that captures the con-sistency of coordination across repeated pro-

ductions, the lip aperture (LA) index.32–34

During these experiments, children listen to, then produce nonwords and sentences varying 

in length and linguistic complexity to assess the potential effects of phonological or 

syntactic complexity on speech movement and coordination. A seminal finding was that, on 

average, CWS as young as 4 to 5 years have less mature speech coordination compared with 

fluent peers even while speaking fluently. Inc-reasing the length or complexity of the non-

words and sentences also resulted in lower performance accuracy in the group of CWS. The 

more complex stimuli proved challenging for many CWS, resulting in a significantly greater 

number of errors and disfluencies. Because we were not able to obtain full datasets from 

many CWS, we completed a follow-up study assessing speech motor performance during 

the production of simple structured sentences that most children could easily pro- duce, for 

example, “Buy Bobby a puppy.”34 We obtained data from over 100 preschool children, 

including 58 CWS, allowing us to examine sex differences within each group. We found that 

boys who stutter produced speech with signifi-cantly reduced movement amplitudes and 

velo-cities and less-coordinated articulatory movement patterns. Girls who stutter did not 

differ from their fluent peers on these speech motor measures. Thus at age 4 to 5 years, boys 

but not girls who stutter are significantly lag-ging their normally fluent peers in speech 

motor maturation. We speculate that functional dif-ferences in speech motor control 

processes may be a key factor in the well-documented, higher probability of persistence in 

stuttering in males.

Again, however, these cross-sectional stu-dies of groups of CWS and CWNS suggest 

potentially significant factors for persistence that must be examined in relation to eventual 

persistence or recovery. Therefore, these novel findings inspired the important question of 

the trajectories of speech motor development in CWS who will recover versus those who 

persist. In a recent cross-sectional study,35 5- to 7-year-old children were assigned to three 

groups: 21 CWS-Per, 15 CWS-Rec, and 31 CWNS. Participants produced four declarative 

senten-ces that systematically varied in length and syntactic complexity in response to an 

auditory model. CWS-Per exhibited significantly lower coordination consistency, quantified 

by the LA index, compared with CWS-Rec and CWNS, while similar coordination 

consistency was observed for these latter two groups. It appeared that the speech motor 

abilities of CWS-Rec had “caught up” to that of typically developing children after an initial 
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lag in speech motor performance.32 We concluded that maturation of speech motor 

coordination to a degree simi- lar to that of typical children appears to be a characteristic of 

recovery from stuttering by the age of 5 to 7 years, while CWS-Per continue to lag in speech 

motor development.

EXPLORING THE PREDICTIVE POTENTIAL OF CLINICAL TOOLS

As noted in the first section, our standard protocol included assessment of the children in 

each cohort with a battery of clinical tests when they entered the project. We examined 

whether scores CWS received on these tests on entry to the project at age 4 to 5 years were 

predictive of their eventual stuttering status. We noted earlier that ERP investigations of 

CWS revealed dif-ferences in brain activation patterns during the processing of syntactic, 

semantic, and phono-logical information. An obvious question is whether behavioral probes 

of expressive and receptive language, phonology, articulation, and verbal working memory 

abilities are also associated with recovery or persistence in pre-school children who stutter.36 

Sixty-five children ages 3, 9 to 5, and 8 years participated in this longitudinal study: 40 

CWS and 25 CWNS. In addition to our fluency diagnostic battery, Phase I participants 

completed the following assess-ments during their initial visit: the Test of Auditory 

Comprehension of Language, 3rd edition37 (TACL-3) to measure receptive lang-uage, the 

Structured Photographic Expressive Language Test, 3rd Edition38 (SPELT-3) to measure 

expressive language, the Bankson- Bernthal Test of Phonology-Consonant Inven-tory 

subtest39 (BBTOP-CI) to assess articula-tion ability, the Nonword Repetition Test40 (NRT), 

an index of articulatory working memory and production of novel phonological sequences, 

and the Test of Auditory Perceptual Skills-Revised auditory number memory and auditory 

word subtests41 (TAPS-R) to measure auditory working memory.

In subsequent years, 19 of the 40 CWS were identified as children who eventually reco-

vered and 21 as children who persisted in stuttering. We used scores from the initial 

assessment battery to explore potential differen-ces in group means among CWNS, CWS-eP, 

and CWS-eR. We found no differences among CWS-eR and CWS-eP and CWNS on mea-

sures of receptive language, expressive language, and verbal working memory. It is 

important to note that although we observed subtle differen-ces between CWS-eR and CWS-

eP on ERP indices of language processing, these differences were not associated with 

clinical language impairments. We found that, as a group, CWS-eP scored significantly 

lower than CWNS and CWS-eR on the BBTOP-CI and the NRT task. A regression analysis 

revea-led that scores on the BBTOP-CI and NRT significantly predicted future stuttering 

reco-very or persistence of these preschool CWS. In line with earlier studies of phonological 

pro-cessing and stuttering,42 our findings suggest a role for phonological and articulatory 

skills along with planning and production of novel phonological sequences as potential 

predictive measures.

Another promising avenue for predicting the likelihood of persistence in stuttering using 

clinical assessments is the analysis of stuttering behaviors. Previous findings in 2- to 3-year-

old CWS indicated that near onset, severity, and type of SLDs are similar for CWS-eP and 

CWS-eR.43 Obviously, with maturation CWS-eR and CWS-eP follow different trajec-tories 

in terms of the frequency and type of SLDs. Given that the majority of recovery takes place 
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within 15 months after the average onset of 33 months,43 the 4- to 5-year period is a pivotal 

stage in terms of recovery and persis- tence. During the 4- to 5-year period, neuro-behavioral 

systems are undergoing dramatic maturational changes,1 and clinicians employed in 

preschool and school settings must make consequential decisions on whether or not to treat a 

child displaying stuttering behaviors.

Bostian et al44 analyzed spontaneous speech samples collected during the initial visits from 

74 to 4-year-old children recruited in Phase I. These samples were coded using the 

Systematic Analysis of Language Transcripts45 (SALT) for type of SLD (part- and single- 

syllable word repetitions and dysrhythmic pho-nations) and other disfluencies (ODs, inter-

jections, revisions, and multisyllabic word or phrase repetitions). We tabulated the frequency 

and maximum number of repetition units of SLDs and ODs and calculated a WSI for each 

child. In a prospective design, we examined group differences among 18 CWS-eP, 29 CWS-

eR, and 27 CWNS on the measures collected during their first visit. As expected based on 

previous findings, the frequency and type of ODs did not distinguish the three groups of 

children. However, preliminary fin-dings suggest that 4- to 5-year-old CWS-eP had 

significantly higher frequencies of SLDs, numbers of repetition units, and WSI scores 

compared with CWS-eR or control groups. These results suggest that there are significant 

differences in characteristics of SLDs displayed by groups of 4- to 5-year-old children who 

will eventually recover or persist. This is an impor-tant finding that validates the use of 

clinical measures of stuttering behaviors to identify 4- to 5-year-old CWS at greater risk for 

stuttering persistence.

CONCLUSION

We have summarized major findings from our laboratory and others to explore current 

answers to the question of how we can predict the probability of persistence of early 

childhood stuttering. The issue is critical in the deci-sion-making process of whether or not 

to treat a preschool child who is stuttering. The Purdue and the Illinois Stuttering Project3 

are two relatively large-scale investigations in which preschool CWS have been followed 

longitudi- nally until final stuttering status was known. Results of studies from these two 

projects and other laboratories have added significant infor-mation about factors useful in 

predicting per-sistence. How do we synthesize results from these experimental and clinical 

assessments to guide the clinical decision-making process?

It is important to view new information within the context of existing and generally accepted 

risk factors for persistence: for exam-ple, family history of stuttering, later age of onset, 

longer time since onset, and sex—boys are more likely to persist. Our findings provide 

further evidence for the influence of sex on the incidence and persistence of stuttering. The 

average age at project entry for Phase I CWS was approximately 58 months (the average age 

of stuttering onset for these children was 36 months, so they had been stuttering, on average, 

for 22 months), with boys outnumbe-ring girls by a ratio of nearly 3:1, 74% of the sample. 

The recovery rate for boys in this cohort was 42%, while for girls it was significantly higher, 

69%. Results from physiological expe-riments have shed light on specific sex-linked 

differences in speech motor maturational tra-jectories. Boys aged 4 to 5 years lag girls in 

typical development of interarticulatory coor-dination,46 and some preschool boys who stut- 
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ter produce speech with reduced articulatory coordination and with smaller amplitudes and 

lower velocities even when speaking fluently.34 Chang and her colleagues have reported 

diffe-rences in the relationship between white matter neural pathways and stuttering severity 

for boys and girls who stutter.13 Thus, we can state that sex is important in determining 

probability of persistence and is likely related to sex-linked differences in maturation of 

central speech motor control networks.

Another well-known predictor of persis-tence is a family history of stuttering.47 Consis-tent 

with earlier estimates, 53% of our Phase I cohort of children who persisted in stuttering 

reported having a first- or second-degree rela-tive with persistent stuttering, while this per-

centage was much lower for children who recovered, 14%. On the basis of their com-

prehensive review, Kraft and Yairi47 concluded that the genetic basis of familial transmission 

of stuttering is unknown. Despite the lack of knowledge of the specific genes that might be 

involved, a positive family history is another important variable to consider.

Turning to the three domains of inquiry, motor, linguistic, and emotion/temperament, which 

variables seem promising? In the motor domain, we have already alluded to develop-mental 

delays in speech sensorimotor systems, especially in boys who stutter. Nonword repetition 

performance, which has been widely used in assessing language status, also places demands 

on speech motor planning and execu-tion processes. We presented evidence that nonword 

repetition performance is predictive of eventual stuttering status.36

In the linguistic domain, there is no single, consistent developmental profile of scores on 

standardized tests that is predictive of recovery/persistence. We have reported evidence that 

low-normal scores on the BBTOP-CI have predictive power.36 ERP work from our project, 

presented earlier, demonstrates that subtle differences in the functioning of the neural 

networks involved in processing linguistic information are related to eventual recovery or 

persistence. Thus, more targeted predictors of persistence related to lang-uage development 

are needed, and future beha-vioral and/or clinical investigations will explore the 

relationships among the markers of stuttering observed in brain activity during linguistic 

pro-cessing and behavioral performance during lang-uage production tasks.

Concerning the role of emotional factors in the development of persistent stuttering, recent 

studies in this domain using both electrophy-siological and behavioral measures are promi-

sing. We demonstrated higher levels of sympathetic arousal in CWS in speech and 

nonspeech task performance.22 Physiological arousal is related to emotional and cognitive 

processes. In turn, increased arousal leads to increased instability in the speech motor sys-

tem. Erdemir et al48 reported promising results showing that compared with CWNS and 

CWS-Rec, CWS-Per had slower articulation rates when generating a narrative describing a 

video clip eliciting negative emotion. They suggest that articulation rates following nega-tive 

emotional stimuli in preschool CWS could be a factor that predicts persistence/recovery 

from stuttering. This finding deserves further investigation, because it explores the emotion/

motor link and employs a relatively simple behavioral assessment.

Results from longitudinal studies also point to careful analyses of the child’s stuttering 

behaviors as an important predictive factor. Yairi and Ambrose3 reported that the frequency 
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and type of SLDs near the onset of stuttering are not predictive of eventual persistence/reco-

very. However, by the age of 4 to 5 years, the WSI score and the presence of certain types of 

SLDs are predictive of future status.44,49 Results from our laboratory44 suggest that a WSI ≥ 

10 at 4 to 5 years should be considered a risk indicator for persistence.

Our findings along with others support the practice of comprehensive assessments of CWS, 

a battery of tests that identifies relative strengths and weaknesses and the presence or 

absence of factors across domains that indicate risk for persistent stuttering. The evidence 

points to the need to take into account both the multifactorial and dynamic natures of stut-

tering development to determine which child-ren are at greatest risk. We suggest that SLPs 

asses a constellation of factors for a given child to understand the unique profile he/she pre-

sents at age 4 to 5 years. The overwhelming evidence from our work and others3 is that 

persistent stuttering is not linked to a single profile of risk factors. For example, a child who 

persists may not necessarily have a known family history; therefore, other indicators, for 

example, delayed articulation abilities and/or attitudes toward speaking could provide a cli-

nician with important clues about the potential for recovery. Our findings, taken together 

with earlier work, also emphasize the need to take into account the age of the child when 

assessing risk factors. For example, stuttering severity is not an indicator of persistence or 

recovery at age 2 to 3 years50; however, it does provide impor-tant information for possible 

risk at age 4 to 5 years,44 when many children are initially evaluated for treatment.

Keeping in mind the heterogeneity of risk profiles as well as specific developmental miles-

tones at age 4 to 5 years, a comprehensive assessment for determining risk of persistence 

will minimally include information about the child’s sex, family history of persistent stutte-

ring, language status (whether delayed or pre-cocious3), poor NRT performance, a WSI ≥ 

10, and/or evidence of negative attitu-des toward his/her speech (e.g., assessed on the bases 

of parental report, TOCS, or KiddyCAT assessments). Unlike the equation shown in Fig. 1, 

this is a categorical list, for example, the answer is yes or no to each variable, and no weights 

are assigned to place greater or less emphasis on each item. An objective of our project is to 

generate a multivariate, weighted formula for assessing risk of persistence in preschoolers 

who stutter. The details of this effort, which involve the statistical method of structural 

equation modeling, are beyond the scope of this paper; however, we are working toward a 

translational goal of developing a prototypical predictive model to estimate risk for stuttering 

persistence using behavioral/cli-nical and physiological variables from our research studies. 

As we learn more, we hope that SLPs will have greater precision in pre-dicting risk for 

stuttering persistence, so that priority for initiating fluency treatment can be made for those 

children most in need.
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Learning Outcomes:

As a result of this activity, the reader will be able to (1) summarize the general framework 

behind the multifactorial dynamic pathways (MDP) theory of stuttering; (2) discuss 

predictive factors for stuttering persistence from behavioral and physiological studies of 

speech motor control, linguistic, and emotional processing in preschool children who 

stutter; (3) list several clinical assessments that could be incorporated into a diagnostic 

battery to help predict whether a child is at a greater risk for stuttering persistence.
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Figure 1. 
Our multilayered research framework. At a theoretical level, we wish to understand the 

factors in the motor, language, and emotional domains that contribute to the onset and 

persistence of stuttering. At the experimental level, our strategy combines behavioral/clinical 

and physiological measures to reveal significant factors associated with stuttering 

persistence or recovery. Finally, a future translational goal is to develop a predictive model 

that incorporates clinical and physiological variables to estimate risk for stuttering 

persistence.
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Table 1

Correlations among Stuttering Assessment Tools

Measure TOCS WSI Parent
rating

Clinician
rating

TOCS –

WSI
−0.45

a –

Parent rating −0.12 0.24 –

Clinician Rating
−0.57

a
0.66

a
0.39

a –

Abbreviations: TOCS, Test of Childhood Stuttering; WSI, weighted index of stuttering-like dysfluencies.

a
Correlation is significant at the 0.01 level (two-tailed).
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