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Abstract
Stuttering can be categorized by prolongations, blocks, and repetitions. This can lead to feelings of frustration, diminished self-confidence, and social isolation. However, singing therapy can be a valuable therapeutic tool to incorporate into therapy geared towards improving stuttering. Singing targets both the emotional and physical aspects of stuttering. Studies reveal evidence that there are physical brain differences in people who stutter, and singing can improve these brain differences. Singing also engages in physiological mechanisms such as movement of the vocal folds and breathing, which can help with fluency. There are specific therapeutic techniques as well that can be utilized during singing therapy. However, more research can optimize singing therapy applications to positively impact the lives of those who are affected by stuttering.
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Stuttering is a common fluency disorder, affecting millions of Americans daily (The Stuttering Foundation, n.d.). It is a disfluency that includes repetitions, repeating sounds or complete words, prolongating sounds, blocks, and generally disrupts the smooth, continuous flow of speech. It specifically results in the disruption of the respiratory, phonatory, and articulatory systems coordinated function. Unfortunately, stuttering may produce anxiety, frustration, and even feelings of isolation (ASHA, n.d.).
[bookmark: _Int_qm6oxlfY]Despite these challenges, there are promising avenues for support and therapy. 
Amazingly, even those who stutter heavily in normal conversation do not stutter while singing. Singing releases endorphins and oxytocin that reduces a person’s anxiety level and boosts confidence. It regulates breathing, and has positive neurological and emotional benefits (Sing Up Foundation, n.d.). By analyzing brain waves, researchers have found disparities in the brain between people who sing regularly, and people who do not sing. Regular singing apparently has the potential to affect long term improvements. In fact, studies show that singing can even improve the way the anatomical structures, such as the larynx, function and are controlled (Neef et al, 2024). By harnessing this interesting anomaly, speech language pathologists are able to provide interventions to dramatically improve a person's stutter. What is more, when singing is implemented into therapy, it not only targets physical improvements but improves the client’s emotional well-being as well.
In childhood, stuttering often develops between the ages of two and six years old. If a child goes through a six-month period of disfluency, it would not be a concern, as this is common. However, intervention may become necessary if a child continues to stutter for over six months (ASHA, n.d.). 
Many typically developing children might have disfluencies such as repeating full words or phrases, using interjections such as um, and/or not finishing their thoughts. These are all considered typical developments and would not be a reason for concern. However, if a child repeats individual sounds within a word, uses one syllable word repetitions, blocks, and/or prolonged words that is a sign that a child might have a stutter that will need intervention. Approximately eight percent of preschool-age children develop a stutter; however, a remarkable ninety-five percent naturally outgrow it, as their language and motor skills become more mature and integrated. Stuttering is common since preschool children learn to strengthen their articulatory system, expand their lexicon, and learn to create longer sentences. The preschool children acquire such a large vocabulary that their articulators cannot physically keep up with the speed of the thoughts that they want to express. All of the new learning can temporarily affect stuttering; this is referred to as the language explosion. Aside from that, social, emotional, and cognitive skills continue to develop daily. As children’s brains reach capacity for plasticity, stuttering becomes more common (Neef, 2024). In addition, children who stutter may exhibit associated physical behaviors, such as nodding and repetitive eye blinking, which they often do as a way to cope, to release tension, or to help improve the fluidity of their speech. If a child becomes frustrated or teased because of his stutter, it can lead to additional stuttering disfluencies such as revisions or interjections (ASHA, n.d.).
[bookmark: _Int_U6oaebmj]When people stutter, it is common that they will get a buildup of tension that causes a person to feel negativity towards verbal communication. The built-up tension results from the frustration of the inability to effectively communicate at an efficient pace with others. People who stutter can sense when others become impatient or frustrated when listeners interrupt them, attempt to complete their sentences, lose focus, or even offer unhelpful advice such as “just relax.” This is why stuttering can have a large impact on an individual's social life, especially if a person wants to conceal their stuttering. It can also have a negative impact on a person's psychological and emotional health. Stuttering can deflate one’s self confidence and in extreme cases lead to isolation. (ASHA, n.d.). “It is a speech disorder in which speakers know exactly what they want to say and can coordinate and move their vocal organs, but intermittent loss of control occurs, where articulator movements freeze or fall into an idle loop during instances of stuttering” The stuttering is an involuntary disruption, while the speaker struggles to verbalize and communicate his clear thoughts to others (Neef et al, 2024). 
Speech production is when a person transforms their thoughts into something physical that can be heard and understood. Speech is sent across a space until it hits the listener's ear. “Speech production is a fast moving, highly coordinated process involving the simultaneous use of hundreds of muscles, nerves, tendons, bones, and various other structures” (Poburka, 2002). Each of the structures are placed into other subsystems that include the respiratory system (breathing), the phonatory system (voice), and the articulatory system (speech sounds). All of these systems interact together and can also affect one another. Typically, speech therapy involved in stuttering focuses on both physical and psychological aspects of communication. It is important to understand the laryngeal structure when giving stuttering therapy. The main source of sound comes from the larynx. It is on top of the trachea in the neck. When a voice is created, the inhaled air gets trapped below the vocal folds. The air pressure then blows, separating the vocal folds and traveling through the vocal tract. As the vocal folds repeatedly open and close, voice production begins. An important goal in therapy is that the patient effectively uses speech breathing that works well with their laryngeal system (Poburka, 2002). One effective technique for stuttering therapy is singing. When a person sings, it forces air out from the abdomen, creating a consistent airflow. It is a steady push of air which makes speech come out smoothly. The constant airflow is a solid base for sound that causes speech production to work in a different way than usual. It is like a conveyor belt causing one word after the next to come out smoothly. Since the airflow is constant during singing, it reduces the points when typical stuttering interruptions typically occur (World Stop Stuttering Association, 2024). Furthermore, when a person sings the melody of a song, auditory memory and feedback control mechanisms are relied upon more extensively than in spontaneous speaking. Unlike the spontaneous nature of everyday speech, which often is very challenging to people who stutter, singing is characterized by a set rhythm and melodic structure. This structure provides more control over a person’s vocal output and physical articulators (Neef, 2024). Given these benefits, along with the high success rates of singing therapy for improving fluency, it should be thoughtfully applied in speech-language pathologists’ treatment plans when working with clients who stutter (Pixley, 2021).
The brain of people who stutter does not display gross abnormalities, but there are subtle differences when compared with others who do not stutter. Currently there are a small number of studies that have researched children that stutter. If more neuroscience-based studies were conducted, it could have a large impact in the future. Aside from the lack of research, researchers still have unlocked a lot more information about how a child’s brain who stutters works differently. Research has also explained that a child’s brain plasticity can be influenced through training and stimulation from their environment. Speech language pathologists can greatly impact neuroplasticity in children's speech fluency. SLPs must keep themselves updated, since new research continues to come out about new therapies for stuttering such as technology-enhanced therapy and singing therapy (Chang, 2016).
For efficient speech production, many of the areas in the brain must function properly including cortical and subcortical regions within the central nervous system, as well as the peripheral nervous system which involves an immense number of cranial nerves. These areas control the phonatory, resonance, respiratory, and articulatory systems. All of these areas in the brain make smooth speech motor control and proper timing and rhythm of speech sound production possible. In addition, the left side of the brain is typically the more dominant side of speech and language since it specializes in muscle control used to speak and process language (Chang, 2016).
Children that stutter displayed differences in brain activity and structure. The differences within the brain can stem from both hearing and speaking. Even young children who just begin to stutter show brain differences when compared to children who do not stutter (Chang, 2016).
Research has also highlighted that singing can tremendously improve one’s stutter specifically because of the difference in a person’s breathing pattern. When a person sings, their breathing pattern is regulated so that they can reach all the notes. Singing also requires higher vocal intensity and vocal control than speaking. It can even strengthen one’s respiratory muscles (Wan et. al). There are many labs that investigated the phenomenon of how stuttering is diminished while singing. Short term improvements as well as long term improvements stemmed from vocal training for those who experienced a neurological speech impairment (McDonald, 2018).
Three studies were performed to study the correlation of singing improving a person's stutter. The first study was conducted through brain scans given to people who stutter in order to examine brain activity. Participants were told to speak and to sing. Brain scans were used to compare brain activity as participants struggled to speak smoothly and when participants spoke at ease while singing. The comparison showed that while singing, the area of the brain responsible for auditory and mouth movement increased activity. The brain scans indicated that smooth speech can be achieved when a person hears themselves speak and then coordinates it with the movement of their mouth muscles. Additionally, the left side of the brain becomes more engaged during fluency enhancing tasks for people who stutter (Wan et. Al, 2010). This suggests that engaging the auditory and motor systems together can greatly improve fluency in speech production. Further research explained how singing not only has a positive impact for someone who stutters, but can improve additional neurological disorders as well (Patel, 2015).
In another study, people were categorized into two groups: singers and non-singers. The group of singers were found to have more brain connections as opposed to the non-singer group. “Song combines music and words, and word production is a left hemisphere-biased activity,” (Patel, 2015) Patel explains. “Perhaps doing lots of singing strengthens the brain networks involved in word production and articulation, in addition to the right hemisphere circuits involved in fine control of pitch and melody” (Menehan, 2015). A specific therapy known as Melodic Intonation Therapy has also been shown to have positive neurological effects. In the front all the way to the back of the brain there is a long-distance connection that is crucial for speech known as the arcuate fasciculus. Evidence found that melodic therapy can actually improve the connections in the right side of the brain. “There were some changes in the size of this brain pathway on the right side of the brain, suggesting that enhanced auditory-motor communication in the right hemisphere may help compensate for damage to this pathway in the left hemisphere” (Menehan, 2015).
The second study was conducted by Healey, Mallard, and Adams (1976) to determine if singing can improve a person’s stutter and if so, is the main reason because of one’s familiarity with the lyrics. Participants in the study first read or sang the lyrics of famous songs with both the original and revised text. Results revealed that people stutter least while singing well known lyrics (Wan et. Al, 2010). This is because stuttering can be affected due to word retrieval difficulties, which is not a struggle while singing a song with familiar lyrics (The Stuttering Foundation, 2022). Word retrieval, also known as word findings, is a crucial skill in communication. This is one of the common contributing factors that is involved in stuttering. It is when a person finds it difficult to select specific words in order to communicate. Even if a person knows the word and has it stored within his lexicon, he still may find it difficult to pull it out and use the word that he needs while speaking. This struggle can lead to increased stuttering. It is all about attempting to find the correct word while trying to communicate with another person. That is why a person may stutter less while singing a song that they sing often. If a person knows all of the lyrics to a song, word retrieval is not an issue and they can therefore speak in a smoother fashion (Lassiter, n.d.).
The third study investigated the effects of fifteen fluency-enhancing methods. Participants in the study sang many different songs of their preference for ten minutes. The results indicated that ninety percent of stuttering was decreased by singing, likely because of the increased vocal duration (Wan et al).  This outcome can be associated partly because when a person sings, a part of the brain known as the dorsal LMC becomes active. The dorsal LMC is located in a region in the orofacial motor cortex which is involved with the oral and facial muscles. It contains brain cells that control the pitch in the voice and can receive auditory feedback to correct errors involved with pitch. Singing can strengthen their neural connection in the dorsal LMC which improves their control over muscles such as their larynx, which assists them in more smooth and fluent speech (Neef et al, 2024).
Additionally, while a person sings, the use of the vocal folds, tongue, and lips are all used differently than when speaking (The Stuttering Foundation, 2022). Singing specifically stimulates the vagus nerve, which is the longest cranial nerve in the body. It is connected to the vocal folds and the back of the pharynx. The vagus nerve also connects the brain to many other organs. It has a large influence on the way a person breathes (Sing Up Foundation). Rhythm also plays a large role since the pattern of the music can assist in effective breathing techniques. Moreover, if a person who stutters begins to have anxiety while speaking, it can cause the stutter to become more severe than it was originally. Therefore, when a person sings, the time pressure and communicative pressure are increasingly reduced which reduces a person’s stutter. This is because while singing, all the words are typically already memorized and there is no back-and-forth conversation (The Stuttering Foundation, 2022). 
Singing also is different from speaking regarding a person’s breathing pattern. Both singing and speech require active breathing. Active breathing is when a person is aware of their breathing whether they are breathing for exercise, singing or speech production. However, quiet breathing is when a person breathes without being aware of their own breathing. The duration of each breath and flow rates are both controlled differently than quiet breathing so that the larynx can generate sound. While singing, the abdominal muscles such as the rectus abdominis, internal and external obliques, and transverse abdominis partly control exhalation. There are also helping muscles known as the internal intercostals which reduce rib cage volume during phonation. While speaking, inhalation becomes decreased, and expiration increases in comparison to passive breathing. During speech the subglottic air pressure increases so that a person can control the loudness and stress while they speak, but with singing there has to be even more precise control of subglottic pressure, as singing includes pitch, timber, and volume. For a person to retain controlled exhalations to keep the sound steady, phonation is necessary. Singing brings out subglottal pressure to become more constant, achieved through the coordination of the vocal fold activity and a consistent expiratory airflow (Lewis et al, 2021). 
Singing targets many emotional areas that can greatly help a person who stutters. As mentioned before, stuttering can cause anxiety and stress. Studies have explained that singing releases endorphins and oxytocin from the brain that bring down a person's anxiety and stress. Many people who stutter also experience a loss in confidence, but while a person sings, the release of endorphins creates positive feelings. When a person sings, they are completely focused, which can help reduce stuttering. Singing distracts a person from negative thoughts, and instead creates thoughts to focus on the sound, one’s own breathing pattern, and enjoyment of the tune. All of these thoughts are important contributors that go towards improving people’s confidence and ultimately their stutter (Sing Up Foundation, n.d.). 
When singing, one focuses on the melody and lyrics of a song which preoccupies a person’s focus on stuttering. Many of the muscles in the stomach tighten, giving a person more control over their speech. The act of singing itself can distract one from stuttering since their mind is completely occupied (World Stop Stuttering Association, 2024). 
Some techniques that a speech language pathologist might use would be to choose a song which their client is familiar with and enjoys. The patient should then be encouraged to replay the song repeatedly over and over again. Repetition is essential, as it creates familiarity and comfort with the words of the song. Patients can then slowly remove the melody and simply talk out the lyrics of the song. Once a patient can repeat the lyrics of a song, it can be a bridge to help them get to the next step of speaking without stuttering on their own (World Stop Stuttering Association, 2024). 
When SLPs sing with their clients, it improves their bond and can be a great icebreaker. Singing with others fosters an empathetic relationship by giving a person a positive identity. People who stutter often need strong support and feelings of being valued and encouraged, which can all come from singing. The power of singing creates feelings of belief in oneself as well as increases learning new skills such as skills to combat stuttering. It encourages belief in the power to succeed and has shown long-term benefits (Sing Up Foundation, n.d.). 
An interview was conducted with clients that had a stutter and received singing therapy. Their positive feedback and experiences make it evident that singing therapy can be successful. One participant exclaimed “I certainly found that around the time I was getting good at music was around the time I was getting good and confident at speaking.” Another stated, “Although I couldn’t string a sentence together, I could sing like a bird. I felt tranquilized when I sang.” The common ground found between all participants with a stutter who went for singing therapy was that they all gained more confidence through song (O'Donoghue, 2020). The participants felt that they had finally found their way of communicating with others without facing embarrassment or having to struggle to get all their words out. They gained increased motivation to continue to improve and diminish their stutter. When singing is integrated into a therapy session, singing creates a supportive, encouraging, and safe environment. It helps heal difficult interpersonal expeiriences stemming from stuttering. In addition, singing therapy is most effective when delivered within a group setting. This is because clients learn to regain confidence in speaking to a group once again. Singing therapy also gives clients the opportunity to build friendships with their peers in a supportive setting while simultaneously improving fluency disorders (O'Donoghue, 2020).
Many studies have explained the power of music therapy for people who stutter; however, there are still not enough studies conducted on this topic. Many speech language pathologists prefer using more conservative therapy techniques rather than using singing therapy. Fortunately, singing therapy is one approach that seems promising and can improve thousands of people’s lives. Although it is understandable that some professionals may be hesitant to try new methods, it is important to stay open-minded. When a person can broaden their outlook and be willing to face change, they can have an impact on many people in need. More research is still coming up with new methods for integrating singing into speech therapy. If more research were conducted, singing therapy could become a universally accepted way to improve stuttering, leading to more successful outcomes for those who stutter. 
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*Ralla Scholar Experiences:
I enjoyed utilizing performing arts to give all the girls in my dance group a chance to shine and build their confidence. One special part about this program is that there is no pressure to make the performance perfect, instead it is about ensuring that each girl gains confidence and feels good about themselves. Additionally, it was nice to add to many other skills that a dance class addresses such as spatial awareness as well as social skills needed to work within a group. 


	
	
	



