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Abstract

This chapter summarizes what is known about musical performance in stuttering. It shows how
individuals who stutter differ in some musical abilities and how they experience music as professional
musicians. It discusses why musical activities can affect motor networks in the brain and thereby, at least
temporarily, reduce stuttering symptoms. It outlines different pathways for future research into musical
abilities in individuals who stutter and how findings could contribute to our understanding of stuttering,
specifically, and communication disorders more generally. In sum, the chapter demonstrates that
stuttering elucidates the links between music and speech production, in particular in the domain of
rhythm.
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1 Introduction

Skilled movement is the basis of musical mastery as well as of speech. Speaking is like playing Rimsky-
Korsakoff’s ‘flight of the bumblebee’ at 15 notes per second. Whoever has seen an advanced musician play this
piece knows how fast and accurate finger movements need to be to achieve this speed. From a speaking
perspective, this pace is almost normal. An average pace of speech comprises 4 to 6 syllables per second, which
means around 10 to 20 different sounds per second. This process engages fine and rapid coordination of up to
100 muscles per second (Lenneberg 1967). Hence, speaking is among the most complex and sophisticated
human fine motor skills. It comes with no surprise that learning to speak takes time. Speech acquisition is a
process that goes far beyond childhood. It takes up to 21 years until all articulatory and acoustic aspects of
speech production in one’s native language are refined according to their typical adult form (Smith 2010).
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From a purely motor point of view, music and speech may be closer during development than we think. To gain
insights into this potential relation, the present chapter examines the case of stuttering and what happens to
speaking and musical skills when the typical pathway of speech motor acquisition is disturbed during
development. This chapter will also explore some ideas on how musical training might benefit individuals who
stutter—a topic that has received little attention in the literature so far. Stuttering—also called stammering or
child-onset fluency disorder (DSM-V; American Psychiatric Association 2013)—is a neurodevelopmental
speech fluency disorder (ICD-11; World Health Organization 2019/2021). As outlined in the first section of the
chapter, it has a major impact on the act of speaking and on communication as it generates involuntary
disruptions of the motor flow of speech. One prominent hypothesis posits that stuttering results from
alterations in sensorimotor timing and associated neural circuits. This section will also present the neural
circuits involved in stuttering and potential alterations compared to typical speech motor acquisition.

The second section is dedicated to the links between music and stuttering. It discusses whether sensorimotor
timing deficits in stuttering may also affect non-verbal tasks. It presents some prominent cases of musicians

who stutter as well as musical activities such as singing or speaking with a rhythm that can reduce stuttering
symptoms to a minimum. The final part of the chapter discusses how musical training could impact different
aspects of stuttering and how music could be integrated in intervention.

2 What is stuttering?

Dysfluencies are a regular part of everyday speech. Hesitations, word and phrase repetitions, interjections, and
self-corrections are markers of ongoing speech and language planning. However, stuttered dysfluencies are
different from these types of dysfluencies. Stuttering is characterized by sound, whole and part-syllable
repetitions (like ‘la-la-la-large’), or prolongations (like saying ‘mmmmmmouse’ with a stretched /m/). Blocks
may occur suddenly in the middle of a phrase or a word (like ‘p.......(pause)... pizza’) during which the speaker
tries to utter the word he or she is intending to say. Importantly, stuttered dysfluencies, unlike regular
dysfluencies, are thought to originate from speech motor processes underlying articulation, and not from
speech or language planning or word finding difficulties (Smith and Weber 2016; Walsh et al. 2015). However,
stuttering is not only about fluent speech and its disturbance. Stuttering can disrupt communication in a major
way, not only because it affects the flow of conversation but also because people who stutter may lose
confidence in their speech and communicative capacities. Speaking can be experienced as effortful, a source of
anxiety, and social failure. In severe cases, people who stutter may avoid certain communicative situations or
partners, isolate from others, loose self-esteem, and develop negative feelings towards themselves (Bloodstein
and Bernstein Ratner 2008; Guitar 2014). Moreover, stuttering is subject to a great deal of variability among
different persons and situations (Tichenor and Yaruss 2021). Individuals who stutter report having phases
during which they speak perfectly fluently while they experience many stuttering events on other occasions.
Stressful situations, higher cognitive load, or being emotional might lead to more stuttering. The variability of
stuttering is highly unpredictable, which is an additional burden in coping with stuttering in daily life.
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2.1 Stuttering and its occurrence

Like many neurodevelopmental disorders, stuttering starts early in childhood, most often before the age of 6
years. Due to its atypical dysfluencies, stuttering can be detected by caregivers as early as first multi-word
utterances appear, from 2 years of age onwards (Yairi and Ambrose 2004 ). This is an early age compared to
other neurodevelopmental speech and language disorders such as speech sound disorder, dyslexia, or
developmental language disorders that are typically diagnosed at later preschool age or even school age.
Stuttering is reported in an estimated 5-10 per cent of children (Yairi and Ambrose 2013), although more
children might experience a short and transient period of stuttering. Developmental stuttering is officially
diagnosed, when stuttering persists longer than six months (Yairi and Ambrose 1999). It is noteworthy that
developmental stuttering is often accompanied by other developmental conditions, although the nature of this
relation and the underlying neural correlates remain largely unexplored. Recent large-scale studies in the
United States indicate that an estimated 60 per cent of children who stutter display one or more other
developmental conditions (e.g. developmental language disorder, dyslexia, attention-deficit hyperactivity
disorder a.o0.). This number would be 5.5 times higher than in children who do not stutter (Briley and Ellis 2018;
Choo et al. 2020).

Around 80 per cent of children who stutter will stop stuttering before adolescence. A majority of them will
naturally remit during the first 2 years following stuttering onset (i.e. most often before 6 years of age,
Bloodstein and Bernstein Ratner 2008; Yairi and Ambrose 2004 ). Persistent stuttering continues to be present
for a year or more, and even in adulthood. In adults, an estimated 1-3 per cent of the population self-report
persistent stuttering (American Speech-Language-Hearing Association, n.d.; STAMMA 2022). Persistent
stuttering at adulthood shows a prominent gender bias, with 80 per cent of the adult population who stutters
being male (Yairi and Ambrose 2013). Already at pre-school age, boys who stutter are 1.5 times more likely to
stutter for a longer period of time than girls who stutter at the same age (Singer et al. 2020). Boys who stutter,
at 4 years of age, also show a lag in the maturation of speech movements compared to children who do not
stutter, but girls who stutter do not (Walsh et al. 2018). Beyond gender, there are several risk factors to develop
persistent stuttering. Persistence is higher in children who start to stutter after 3.5 years of age, who have a
family history of stuttering (Frigerio-Domingues and Drayna 2017, see also Gingras and Drayna, this volume),
and who have concurrent speech and language problems (Singer et al. 2020). Some studies also point to a
relevant link between lesser phonological and articulatory skills and stuttering persistence (e.g. Spencer and
Weber-Fox 2014).

Stuttering intervention with persistent pre-school and early school children heavily relies on the implication of
parents. One direct intervention scheme is the Lidcombe Program that uses an operant conditioning approach
through which parents are trained to provide verbal feedback on speech quality (e.g. ‘smooth’ or ‘bumpy’) to
positively reinforce fluent speech in children (Onslow et al. 2003). Indirect approaches consist in reducing the
complexity of children’s speech environment and daily life. Here, parents are asked to reduce sources of stress
in children’s daily schedules and time pressure, and review their communication behaviour during
conversation (e.g. by slowing down their own speech rate, providing full attention to the child when talking to
her, etc.; see e.g. Millard et al. 2018, for a therapy programme). Both techniques show effects in reducing
stuttering symptoms, although it is still unknown whether they are effective in fostering/speeding recovery
from stuttering above and beyond spontaneous remission rates (e.g. de Sonneville-Koedoot et al. 2015).

Stuttering intervention at later school age and adult age aims to provide articulatory techniques to manage and
reduce the occurrence of stuttering events. An equally important aim is to ease the potential socio-emotional
burden (i.e. desensitization, reducing avoidance of speaking, anxiety, and self-stigma, enhancing self-esteem
and empowerment). Among the articulatory techniques, fluency-shaping is used to avoid stuttering symptoms
and reduce tension by training individuals to speak in a highly controlled way (e.g. smooth onsets, prolonged
vowels, controlled speech rate, pausing, and breathing; e.g. O’Brian et al. 2003; Webster 1977). Stuttering
modification can be used to reduce the tension of an upcoming or ongoing stuttering event, and to foster fluent
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speech after a stuttering event (e.g. van Riper 1982; van Riper and Emerick 1984). Articulatory techniques take a
long time to learn, and individuals are accompanied over a longer period of time by speech-language therapist
to apply them in their daily life.

Overall, evidence is sparse that stuttering intervention can make stuttering disappear. However, interventions
can reduce the occurrence and severity of stuttering symptoms as well as help speakers who stutter to improve
their reaction and perception of themselves and their stuttering as well as to deal with reactions from their
interlocutors (Guitar 2014, for recent information on intervention, consult the ‘Stuttering’ section of the
website of the American Speech-Language-Hearing Association, n.d.).

2.2 Stuttering and altered timing mechanisms

In the framework of prominent neuro-computational speech production models (DiVA/GODIiVA; see also Zuk et
al., this volume), stuttering symptoms are described as the consequence of malfunctioning planning
mechanisms that initiate or sustain the execution of speech movements in time (see also Chang and Guenther
2020, for an overview). Thereby, stuttering is different from e.g. childhood apraxia of speech that features
symptoms attributed to faulty or instable motor programmes of sounds and syllables (e.g. articulatory
searching behaviour, speech sound errors, and distortions; see Aichert and Ziegler, this volume). As a
developmental fluency disorder, it is closer to cluttering, which, in contrast to stuttering, displays reduced
speech intelligibility and a notable deregulation of speech rate (Van Zaalen-op’t Hof et al. 2009). Untimely
initiation and termination of speech motor commands are supposed to be at the core of stuttering (Chang and
Guenther 2020; Civier et al. 2013). For example, a block might occur when a syllable’s motor programme is not
initiated in time. Involuntary repetitions of segments or syllables are provoked when an ongoing speech motor
programme is not terminated on time and hinders the activation of the next motor programme, resulting in a
reset of the ongoing motor programme (Civier et al. 2013).

Current research links untimely speech motor control in stuttering to atypical sensorimotor processes. In
particular, processes related to monitoring one’s own voice while speaking (auditory feedback) may not be
aligned with the timing of actual speech production in stuttering (e.g. Max et al. 2004). Speakers who stutter
show a less flexible (i.e. slower and weaker) response to experimental online manipulation of auditory feedback
(e.g. shifting pitch or stretching durations of sounds) during articulation than speakers who do not stutter (e.g.
Cai et al. 2014; Cai et al. 2012). In 2010, Civier and colleagues made a computer stutter by programming it in
such a way that it was too much relying on auditory feedback to control speech movements. Auditory feedback
processing is relatively slow (a delay of 20—30 ms is possible due to the sensory pathways involved) compared
to the rapidity of ongoing motor execution. Civier and colleagues observed timing errors and resets of ongoing
motor programmes with increasing delays during auditory-motor integration (Civier et al. 2010; but see also
Terband et al. 2009, for a similar modelling for apraxia of speech).

In addition, neural activation of the auditory system seems already reduced before speech onset in adults who
stutter compared to adults who do not stutter (Daliri and Max 2015a, 2015b, 2018). Daliri and Max (2018)
proposed that adults who stutter might not be able to pre-set the auditory system correctly in order to perform
efficient and timely feedback monitoring during subsequent speaking. As support to this idea, they reported
that speakers experienced a normalization of the neural activation of the auditory system, when an artificial
temporal delay was introduced between speech production and auditory feedback (Daliri and Max 2018).
Delayed auditory feedback is a condition that is known to reduce stuttering symptoms (Kalinowski et al. 1993).
Speakers who stutter tolerate auditory feedback presented as late as 50 ms after the moment of real-time
auditory feedback without disturbing the actual speaking process (Kalinowski et al. 1993). Interestingly,
speakers who do not stutter cannot cope with such a temporal delay and usually strongly struggle with fluency
under similar conditions (Davis and Brajot 2019). One explanation for the phenomenon is that the feedforward
information provided by the motor system to the auditory system (i.e. the information on how and especially
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when a syllable should be heard which is generated by an internal model during speech planning) might be
fuzzy or erroneous in speakers who stutter. Hence, people who stutter might benefit from a delay that gives
them more time to match feedforward and actual feedback information.

This latter account was further developed by Harrington (1988). He emphasized the potential role of rhythmic
structure and erroneous temporal predictions for stuttering. Specifically, he proposed that the temporal
expectancies for the moment of perception of a rhythmically important event (e.g. the vowel sound of a
syllable) would not match with its actual moment of production. In other words, the information about speech
motor timing communicated between the motor system and the auditory system may be temporally mis-
aligned. Some evidence for this idea comes from a study of Etchell et al. (2016) who found a delayed response of
cortical oscillatory activity related to temporal prediction of rhythmic non-verbal events (i.e. tones) in the
auditory cortex in children who stutter compared to children who do not stutter. Studying oscillatory neural
activity might also open a window to better understand the nature of temporal predictions in stuttering in the
future (e.g. Etchell et al. 2014; Kikuchi et al. 2017).

In sum, the current literature supports the idea that altered timing in motor control plays a central role in
stuttering. Current results point towards temporal mis-alignments between predicted and perceived speech
events during speech production. This misalignment could hinder timely sensorimotor integration leading to
problems with speech initiation and thereby causing stuttering symptoms. Although most of the available
research is centred on speech-specific mechanisms and models, it is not excluded that more general aspects of
temporal motor control are involved (see the following sections). Note, however, that it remains still an open
question whether observed altered timing processes are the origin of stuttering or rather reflect compensatory
strategies or mechanisms in people who stutter.

2.3 Brain correlates of stuttering: sensorimotor and timing resources

The neurosciences of stuttering have made tremendous progress since the beginning of the new millennium.
Research shows that developmental stuttering originates from a neurodiverse brain maturation which displays
altered structural and functional differences and/or unbalanced neurotransmission in the brain. The pathways
pointed out are in particular those connecting cortical areas (including (pre-)supplementary motor cortex,
inferior frontal gyrus) to subcortical structures, in particular, the basal ganglia and the thalamus (i.e. the
cortico-basal ganglia-thalamo-cortical circuit, henceforth BGTC; Alm 2004, 2021; Chang et al. 2019; Chang and
Guenther 2020). Weakness in BGTC connectivity and/or neurotransmission is likely to cause the untimely
initiation and inhibition of speech motor programmes (e.g. Civier et al. 2013; Metzger et al. 2018). Importantly,
this network is also known for its eminent role in motor timing and rhythmic processing in other domains
than speech such as music (Cannon and Patel 2021; Henry et al. 2017; Nozaradan et al. 2017; Rao et al. 1997).
Another timing network relevant for music processing seems more active in people who stutter than in people
who do not stutter, that is, the cerebellar-thalamo-cortical pathway ( Frankford et al. 2021; Johnson et al. 2022).
This pathway is particularly involved with external timing tasks such as synchronizing to a metronome beat or
music in general and functions as a complementary timing network together with the BGTC in speech
(Ackermann 2008; Christensen et al. 2014).

Moreover, speakers who stutter show many differences in brain structure, connectivity, and activation,
particularly in regions relevant for sensorimotor processes and for the left-dominant speech production
system, compared to people who do not stutter. One region under particular scrutiny is the inferior frontal
gyrus, a hub for general motor-related brain networks as well as heavily involved in the motor programming of
speech (e.g. Neef et al. 2016). Cerebral blood flow was found to be reduced in this region (Desai et al. 2017) and
grey matter maturation across the lifespan is different from speakers who do not stutter (Beal et al. 2015;
Thompson-Lake et al. 2022). Furthermore, neuroimaging studies report weaker connections between left
frontal motor sequencing and planning areas (e.g. inferior frontal gyrus towards (pre-)SMA via the frontal
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aslant tract; Kemerdere et al. 2016). Weaker connections were also observed between areas sustaining
sensorimotor information flow in the speech production network such as left auditory and motor areas
(temporal to frontal cortices, e.g. Kronfeld-Duenias et al. 2016; Neef et al. 2015; as well as fronto-parietal
connections, Benito-Aragon et al. 2020; Neef et al. 2016). Activation of the left auditory cortex was also reduced
in stuttering (Connally et al. 2018).

As in many other neurodevelopmental speech disorders, right hemisphere areas (e.g. right IFG) tend to show
unusual activation in adults who stutter (e.g. Kell et al. 2009), suggesting right-hemisphere compensatory
mechanisms coming with the experience of stuttering. Stronger connections and hyperactivity in right-
hemisphere networks triggering inhibition of motor responses are predictive of stuttering severity (e.g. right
inferior gyrus, frontal aslant tract; Neef et al. 2018). Normalization in this network is also related to socio-
emotional therapy outcomes (Neef et al. 2022).

Another neural marker of altered processes in the brain of speakers who stutter is the time course of oscillatory
neural activity, particularly the modulation in the beta-band (see Korzeczek et al. 2022, for an overview). Beta-
band modulation is particularly relevant for setting up the speech production system, and for processing
feedforward information. Hence, beta-band activity indicates how reliable the sensorimotor network may
function during speech production. Significant beta-band activity differences to speakers who do not stutter
were found in the mouth motor cortices before and during speaking (e.g. Mersov et al. 2016), in the left
sensorimotor cortex (Bowers and Hudock 2024) as well as in auditory cortices of speakers who stutter (e.g.
Etchell et al. 2016). Moreover, recruitment of left and right motor and auditory cortices during speaking show
some differences and delays in oscillatory activity in speakers who stutter, but not in speakers who do not
stutter (Kikuchi et al. 2017; Mersov et al. 2016; Salmelin et al. 2000).

To summarize, the neuroscience of stuttering is a highly dynamic research area producing evidence that points
to characteristic differences in general and speech-related sensorimotor neural resources and processes as well
as in the general rhythm and timing network in speakers who do and do not stutter. This growing knowledge
open exciting new insights into how the brain enables us to perform complex human rhythmic motor actions
in speech as well as in music.

3 Music and stuttering

Stuttering is viewed as a condition affecting primarily oral speech and communication. Only a few (mostly
case) studies evoke the possibility that people who stutter may experience stuttering-like dysfluencies during
non-verbal communication, e.g. while playing a musical instrument ( Silverman and Bohlman 1988; van Riper
1982) or in sign language (Cosyns et al. 2009; Silverman and Silverman 1971). On the contrary, music seems to
ease the burden of experiencing stuttering symptoms. Speakers who stutter can sing without displaying overt
stuttering symptoms (see Falk et al. 2020, for an overview) and other fluency-enhancing conditions such as
choral speech or speaking with a metronome have important musical components. Nevertheless, music or
musical capacities were so far only a marginal topic in research on stuttering. With the advent of a research line
on a potential link between language and music in neurodevelopmental disorders (e.g. Boorom et al., this
volume; Fiveash et al. 2021, Patel 2010) and the potential effect of stuttering on general motor control timing,
the question of musical capacities in stuttering (section 3.2) and the impact of musical training (section 3.3)
may become of broader interest.
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3.1 Fluency-enhancing musical activities

Stuttering symptoms can almost disappear when speakers who stutter engage in musical vocal activities. While
singing, stuttering symptoms may drop by 90 per cent compared to speaking (Andrews et al. 1982; Glover et al.
1996), combined with lesser inner anticipation of stuttering (van de Vorst 2020). Similar percentages in
reduction of overt stuttering symptoms are found when people who stutter speak along with a metronome or
participate in chorus reading, together with a partner (e.g. reading a text simultaneously; Andrews et al. 1982).
Critically, these effects are temporary, and wane immediately when switching back to self-paced and -initiated
spoken speech. Furthermore, although these conditions reduce stuttering-typical dysfluencies, they do not
remove some of the critical articulatory and neural differences in speech production between speakers who do
and do not stutter. For example, even while singing, adolescents who stutter display higher durational
variability at the segmental and utterance level than peers who do not stutter (Falk et al. 2015). Motor
preparation shows similar differences to a control group in neural activation for humming than speaking in a
group of adults who stutter (Neef et al. 2016). During fluency-enhancing choral speech, adults who stutter
show higher temporal variability than a group without stuttering (Zhu et al. 2025; but see Assaneo et al. 2022
for a more detailed view on individual profiles in a large sample). They also show neural activation patterns
typical of stuttering in this condition (Garnett et al. 2022).

These findings underline the need for a better understanding of (permanent) traits and (time-varying) states
in the study of stuttering (Belyk et al. 2015; Connally et al. 2018). Fluency-enhancing musical activities are an
interesting area of research, as they may help unravelling potential sources of fluency states. The most
prominent hypothesis is that fluency-enhancing musical activities result in more effective auditory-motor
coupling during speech production (Garnett et al. 2022; Stager et al. 2003). Better auditory-motor processing
may improve auditory self-monitoring ( Stager et al. 2003) as well as foster rhythmic predictions through
internal (singing) or external (metronome, another person’s speech) rhythms which may ultimately help better
motor coordination (Falk et al. 2015, 2016). From a neural perspective, research underlines the importance of
normalization of basal ganglia activity during rhythmic processing and better functioning of the BGTC circuit
(Toyomura et al. 2011, 2015). Finally, reduced pressure for communication and online speech processing may
also result in improved stuttering management (e.g. read texts, highly familiar lyrics, etc.; Healey et al. 1976).

Fluency-enhancing musical activities are not an integral part of speech therapy. They are sometimes used to
make clients aware of the variability of fluency and of the fact that they actually are able to speak or sing
without stuttering. Some aspects of fluency-enhancing musical activities overlap with training programmes
using articulatory techniques: e.g. prolonging vowels, using smooth onsets or controlling breathing, and
pausing patterns are techniques used in therapy as well as in singing. Pacing devices, creating a situation of
choral speech while speaking, have been used for a while in commercial products to reduce stuttering
symptoms—with mixed results, especially concerning the durability of the effect and displaying high
individual variability (e.g. Pollard et al. 2009). Currently, research is ongoing to examine whether training based
on metronome-paced speech paired with concurrent neuromodulation (i.e. transcranial direct current
stimulation) may be an avenue for improving fluency management in adults (Chesters et al. 2018).

G20z Aey GO UO Jasn sse00y siels) aoualaloy-dNO Aq 686516805/181deyo/E / /6G/aWN|0A-PalIps/woo dnoolwapeoe//:sdiy wWwoll papeojumoq



3.2 Musical abilities and stuttering

Although some musical conditions such as singing can improve some aspects of stuttering, stuttering also
seems to impact some non-verbal musical capacities, especially in the domain of rhythm. Several studies
reported on alterations in non-verbal rhythm and timing abilities in children and adults who stutter, although
results are not always replicated. Some studies observed reduced speed, accuracy, and retention of learning
sequences of finger taps in adults who stutter (Smits-Bandstra and de Nil 2007, for an overview; but see
Korzeczek et al. 2020 for different results). Toyomura and colleagues (2021) found slower/less accurate patterns
in complex bimanual finger tapping coordination. They therefore proposed that motor timing tasks (at least
with upper limb movements) that require a high ability in motor control and motor skill learning may be
challenging for individuals who stutter. As for rhythmic abilities, Falk et al. (2015) reported different timing
patterns in finger tapping with musical sounds in children and adolescents who stutter (9—17 years). 65 per
cent of a group of 20 children and adolescents showed either more variability or lesser accuracy or both when
synchronizing finger taps to a metronome or music. In particular, independently of age, tap timing accuracy
was different. Children who stutter tapped around ~20-30 ms earlier in relation to the musical beat than
children who did not stutter. This slight but consistent timing difference was also found in a group of 14 adults
who stutter by Sares et al. (2019), who tested synchronization to a metronome. (A similar result was found by
van de Vorst and Gracco (2017) (N = 11) and Slis et al. (2023) (N = 16), however, another study with adults failed
to find group differences (Max and Yudman 2003).) The group of adults from Sares et al. (2019) underwent
neuroimaging to determine potential differences in white matter connectivity sustaining sensorimotor
synchronization in adults who stutter (Jossinger et al. 2022). Interestingly, in control participants, but not in
adults who stutter, more synchronous tap timing to the beat was associated with better connectivity of the left
arcuate fasciculus, a white matter structure that is known for relating auditory and motor representations of
sound. In addition, participants who stutter showed a correlation of their tap timing with the connectivity of
left inferior cerebellar peduncles, suggesting that error monitoring and/or auditory-motor integration might
be controlled by different brain networks in people who do and do not stutter (see Frankford et al. 2021;
Johnson et al. 2022; and Jossinger et al. 2021 on further results on cerebellar structure and (speech) motor
control in people who stutter).

Finally, Wieland et al. (2015) had children who do and do not stutter compare different rhythmic tonal patterns
in order to test their rhythm discrimination abilities. The 17 children who stutter performed less well in the
discrimination task. Moreover, while children who do not stutter showed a relation between rhythm
discrimination and the connectivity of the brain rhythm network (i.e. the left putamen with the bilateral motor
and auditory areas and the cerebellum), children who stutter did not show this relation (Chang et al. 2016). The
authors propose that these perceptual results in combination with the neural results indicate that children who
stutter may have problems in generating an internal beat, a capacity that might be equally relevant for music
and speech perception and production (see Kotz and Schwartze 2010, for a model).

Although small in number and participants, these results point towards some alterations of non-verbal rhythm
perception and production in people who stutter. Note, however, that the reported differences with speakers
who do not stutter were rather small and might be barely noticeable by a naive observer. In addition, future
research should more explore the individual variability of non-verbal (see e.g. Falk et al. 2015), but also verbal
aspects of stuttering—a general need in the research on neurodevelopmental disorders.

To summarize the last two sections (section 3.1), musical activities combined with speech like singing or
speaking rhythmically are among the most powerful fluency-enhancing conditions in people who stutter. On
the other hand (section 3.2), we observe musical and motor rhythm peculiarities beyond speech in speakers
who stutter. Although this seems contradictory, both phenomena could be just opposite sides of the same coin.
That is, musical alterations, although small, could testify that networks sustaining general timing and
auditory-motor coupling in complex motor behaviour are altered in stuttering. Fluency effects through musical
enhancement, on the other hand, could result from the fact that music fosters auditory-motor integration
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and/or provides more predictable temporal anchors than speech alone (e.g. via highly regular beat structure)
and thereby facilitates the generation of prospective temporal patterns, a mechanism supposed to be error-
prone in speakers who stutter (Chang et al. 2016, Falk et al. 2015; Harrington 1988).

3.3 Long-term musical training and stuttering

3.3.1 Stuttering in professional musicians

Besides immediate effects on fluency, musical activities have emotional and expressive benefits for the
performer. Performing music on a regular basis may help overcome negative feelings, help self-expression, and
enhance well-being and social participation in people who stutter, as it does in other people with and without
speech and communication disorders (Boster et al. 2021, Good and Russo 2022, Kreutz et al. 2004). As no study
to date reports on these effects in people who stutter, the next section will briefly explore some testimonies
from professional musicians who stutter as well as what is known about long-term musical training in people
who stutter.

Several famous musicians who stutter are singer-songwriters or rappers. Some of them emphasize the value of
singing as an alternative way of vocal expression to speaking. For example, Australian Jazz-singer Megan
Washington testified in 2014 (TEDx Talk) that singing, for her, was a way of treatment when she was young, as
singing was the only way to make her feel in control over her speech. Similarly, famous country-singer Melvin
Tillis and hip-hop star Kendrick Lamar were drawn to singing and rapping as it was a way for them to express
their thoughts (Lamar), in front of others (Tillis) without having to speak and to stutter (Bonman 2014; Burns
2019). Some musicians think that intensive musical training as a child has helped them to speed up recovery
from stuttering. In a speech given at the American Institute for Stuttering (8 June 2015), British popstar Ed
Sheeran said that he learned to rap at 9 years of age and that he believes that intensive rapping and its
rhythmical properties had helped him to overcome his stuttering. From yet another point of view, the
experience of stuttering was reported to aid musical expression and performance. American Jazz-musician and
famous scat-singer John Larkin (also known as the ‘Scatman’) revealed in an interview that stuttering helped
him to learn how to scat (Schéfers et al. 1995). He conveyed the idea that the way a syllable is interrupted and
repeated during stuttering resembles and could be transformed into an artistic form of scat-song. Furthermore,
pointing to benefits of multimodal auditory-motor practice, he said that singing the notes while playing them
on the piano helped him gain speed and to play and sing very fast. Another interesting insight comes from
pianist, researcher, and person who stutters, Robert van de Vorst (van de Vorst 2013). He proposes that for both,
speech and piano performance, a ‘musical image’ or ‘singing sound’ providing an idea how a sound or tone
continues and connects to the musical or spoken sequence might help fluency. Therefore, learning to convey
the overarching flow could be a strategy to gain in expressive fluency in both speech and music performance.
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3.3.2 Relation between musical training and stuttering severity

So far, it is an open question whether long-term musical training affects stuttering and speech motor
processes in a significant way. We know that professional musicians like Melvin Tillis and Megan Washington,
but also Elvis Presley or Kylie Minogue, continued to stutter despite long-term musical training and
performance. Still there might be some improvement coming from musical training (see section 3.4 below) that
affects stuttering severity. In a study with 14 adults who stutter (not professional musicians), Sares et al. (2019)
observed that more musical training over the years was related to lower self-rated stuttering severity.
Preliminary data from our own lab suggest that musical training may generate some positive effect on
stuttering severity in children. In a sample of 48 children who stutter between the ages of 9 and 17, tested in the
Munich area (Germany), we found significantly higher scores in stuttering severity (SSI-3; Riley 2009) in
children without any musical training compared to children who had some (1-3 years) or more (> 3 years)
musical experience. The difference amounted to severe stuttering scores on average in children without
musical training vs. moderate severity scores in children with musical training. These data give promising
directions for future research with both children and adults who stutter.

3.3.3 Potential of musical training for stuttering intervention

To our knowledge, Fujii and Wan (2014) were the first to discuss the potential of musical training for speakers
who stutter. Their argument is based on the idea that weaker neural connections with the basal ganglia in
speakers who stutter might be trained via musical tasks, such as sensorimotor synchronization to a beat or
pulse. However, no musical training study with participants who stutter has since been conducted. Based on
the previous overview, one might go further and emit the following hypotheses about how musical training
might help improve different aspects of stuttering and could serve as a potential complementary tool in
stuttering intervention.

Sensorimotor effects and fluency

Musical performance is particularly efficient to train auditory acuity (Patel et al. 2009; see also Elmer and
Besson, this volume), and potentially, general motor stability, that is, the consistence in movement
performance over repetitions. Both aspects are related to better auditory feedback control in speech (Brunner
et al. 2011; Oschkinat et al. 2022). Hence, there is the possibility that musical training might improve auditory
self-monitoring as well as motor stability in speakers who stutter, both domains in which people who stutter
have shown weaknesses. In line with Fuji and Wan’s (2014) idea, rhythmic training is a particularly promising
avenue to produce sensorimotor transfer effects from music to temporal speech motor control (Dalla Bella
2022). A pilot study with patients with Parkinson’s disease from Puyjarinet et al. (2022) found that intensive
rhythm training via a tablet game that consists in tapping to the musical beat (Bégel et al. 2018) not only
improved manual rhythmic capacities but also orofacial coordination. Potential improvements in temporal
(speech) motor control could result in several effects: there could be a direct reduction of stuttering events,
and/or a better coping with the unpredictable variability of stuttering. Or the effect could be more indirect and
musical training could help speakers who stutter to better learn and use motor strategies and therapeutic
techniques to control their stuttering. Another question to explore is whether musical training could produce
better results in children and adolescents who stutter than in adults, because of higher chances of spontaneous
remissions and generally higher neuroplasticity and higher malleability of neural and motor processes during
development.
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Socio-emotional aspects

As discussed elsewhere in this volume (Sihvonen et al., this volume), musical performance and training might
affect different dimensions of well-being in people who stutter. However, one would expect that these effects
may be unspecific to stuttering but apply to all individuals with and even without communication disorders.
Musical practice could positively impact stress level and body tension, reduce anxiety and self-stigmatization,
lead to higher self-awareness and self-esteem, foster self-expression and empowerment, and evoke positive
emotions and higher resilience in difficult situations (e.g. Bullack et al. 2018; Good and Russo 2022).

Communicative effects

Via sensorimotor improvements and better timing capacities, musical training could also impact
communicative capacities. The smooth flow of dyadic conversation relies on predictions about what our
interlocutor is going to say and when (e.g. Pickering and Gambi 2018). Listeners generate predictions about
upcoming content at all linguistic levels (sound, structure, meaning, and intention) to plan their own
contributions (e.g. Pickering and Garrod 2007). Some theoretical models propose that the most effective
mechanism to generate predictions is to use the own production system during comprehension to simulate
what the other interlocutor is saying (e.g. Hickok and Poeppel 2007; Pickering and Garrod 2013). However,
because their differences in speech production and particularly because of the interruptions due to stuttering,
speakers who stutter and their interlocutors might have difficulties with each other to predict and coordinate
their contributions in time (i.e. turn-taking). Musical training and associated sensorimotor and timing
improvement might help people who stutter to better coordinate with their interlocutors. In particular, group
music settings (such as in choirs or orchestra) might enhance better inter-personal coordination and timing
skills. Future research could address the question whether musical training (solo, dyadic, or in a group) may
affect speech timing in conversation between participants who do and do not stutter (turn taking,
interpersonal rhythmic adaptation, coping strategies).
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4 Summary

The role that music plays in stuttering, a neuro-developmental motor speech and communication disorder, is
to date widely unknown. This chapter advocates, however, that studying music and stuttering promises to be of
importance for our general understanding of the underlying links between speech and music capacities, at the
developmental and the neural level. The existing evidence reviewed here suggests that musical activities can
impact stuttering and its symptoms. It has been known for a while, that combining speech with musical
components such as singing, speaking with an external beat or choral speech can significantly reduce the
amount of disfluencies in speech production, and eases the burden of the unpredictability of stuttering. From a
scientific standpoint, these effects might derive from better self-monitoring, auditory-motor coupling, and
generally better temporal motor control during these activities as can also been seen in higher activation of
certain neural circuits. Results also showed mild to moderately altered non-verbal rhythmic capacities in the
perception and production of music in individuals who stutter. These findings hint to the alteration of a larger,
non-speech specific timing system in stuttering. In the future, it will be important to investigate the neural
resources underlying this timing system and its role for speech as well as for music production. To achieve this,
stuttering should be considered among other neuro-developmental speech and language disorders (Aichert
and Ziegler, this volume) that show altered non-verbal timing. Furthermore, preliminary results and
testimonies of some achieved musicians who stutter suggest that musical training might provide positive
outcomes for the management of stuttering and its socio-emotional impact, at least for a sub-group of
individuals. Future studies could address the question whether we can observe transfer effects from long-term
or intensive musical training on different speech-related and communicative aspects of stuttering, as well as
individual traits of responding participants. A therapeutic value of music for stuttering, however, remains by
now unsubstantiated, as stuttering therapy has first and foremost the aim to provide individuals with ways to
relieve from the sometimes heavy communicative and psychological consequences of stuttering. Nevertheless,
people who stutter could benefit from musical activities, like other individuals with communication disorders,
in terms of group participation, self-expression, pleasure, emotional and bio-physiological well-being, as well
as a means of self-empowerment.
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