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[bookmark: _Toc218505595]Component1: Project Proposal
[bookmark: _Toc218505596]1.1 Introduction 
Using British Sign Language (BSL) translations along with singing has transformed my relationship with song. I sing, teach and conduct differently using insights signed singing has given me. I believe that conscious use of sign language and gesture, aligned with the structure of a song, has the potential to be a powerful tool in examining the way we sing.

We know that adults speak to infants differently than to other adults (Matychuk, 2005; Golinkoff et al., 2015). This child-directed speech (CDS) or “motherese” appears to assist in the child’s acquisition of speech (Matychuk, 2005). There is a corresponding difference in the gestures that parents, particularly mothers, use when communicating with their infant children (Iverson et al., 1999; Gogate, Bahrick and Watson, 2000). Research into the interdependence of gesture and speech in infants has revealed strong links for both spoken and signed languages (O’Neill et al., 2005).

There is evidence showing that learning the gestures of a second language may improve our learning trajectory in that language (Gullberg, 2006; McCafferty, 2006; Goldin-Meadow, 2018). Gesture has been shown to affect learning in other fields, such as mathematics, as well (Novack et al., 2014; Wakefield et al., 2018; Stylianou et al., 2024).

With so much circumstantial evidence linking language and gesture, it seems there might be a cognitive link between our language and our gesture. By gaining a better understanding of the neuroscience of vocal learning and gesture (Belyk and Brown, 2017; Jarvis, 2019; Erickson, 2022a; Erickson, 2022b; Erickson, 2023), I hope to better understand the use of gesture in the singing studio, and how to use it to best effect.


[bookmark: _Toc218505597]1.2 Planned Programme of Study
For this module, my aim is to improve my understanding of the role of gesture in teaching singing. My experience with using BSL translations of song suggests to me that there is a visceral connection between gesture and singing worth exploring. Gesture is closely associated with spoken communication as shown through a long history of research (Gleason, Klima and Bellugi, 1979; Kendon, 1997). It follows that a better understanding of the role of gesture would be useful in teaching singing, the only musical instrument to express language directly. 

Most, but not all, singing teachers use gesture to some degree (Nafisi, 2013). Classical choirs, from amateur groups to the highest level, expect their members to keep very still (The Halle, 2020; Tenebrae Choir, 2024). Barbershop and Sweet Adeline choirs, on the other hand, are expected to incorporate choreographed gesture with their performance (Barbershop Harmony Society, 2017; Sweet Adelines International, 2024). Clearly gesture can add to performance but is not essential.

So why use gesture? There is research pointing to gesture as a valuable tool for learning across a wide range of contexts (Bowyer, 2015; Wakefield et al., 2018; Stylianou et al., 2024), particularly in language acquisition (McCafferty, 2006). We have a good understanding of the physical mechanisms of vocal production, but there are challenges in communicating clearly to the student what changes they need to make (Brown, 2025). Gestures potentially provide us with an additional tool of communication.

My motivation for researching this topic is that, while use of gesture is widespread in the singing studio (Nafisi, 2013; Kilpatrick, 2020), by choral conductors (Durrant, 2009; Martins and dos Santos Junior, 2016) and on stage, there is a gap in the literature in terms of the science behind its use. Having seen the power of gesture for myself and the singers I work with while using BSL interpretations of songs, I am interested in discovering what we know about the inter-relatedness of gesture and speech or song. A better understanding of this relationship should inform more productive use of gesture in the singing studio.

I have two main aims:
1. To explore the ways we can use the power of gesture in a more considered way in the singing studio
2. To place the role of gesture within current thinking on neuroscience of the voice

My learning outcomes will be:
1. To understand how gesture informs our acquisition of language, in the context of infant speech development and second language acquisition (SLA). 
2. To understand the prevailing neuroscience of vocal learning and discover whether there is any link to gesture from this perspective
3. To propose concrete applications for my findings within my teaching practice 

As can be seen from my project Gantt chart (Figure 1) I have allocated extended periods to most phases of this module. Because I am taking an iterative approach as described by Boell and Cecez-Kecmanovic (2010), and using my findings to refine my search process, I have allowed for a lot of overlap between the phases.
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[bookmark: _Toc218505476][bookmark: _Toc218505583][bookmark: _Toc218505709][bookmark: _Toc218507939]Figure 1 Module 4 Gantt Chart

[bookmark: _Toc218505598]1.3 Methodology 

My literature review is narrative in form. The separate threads of the use of gesture in acquiring language and looking at the neuroscience of vocal learning, require quite different approaches.

Because these topics are new to me, an iterative approach will allow me to refine my searches through the literature as I learn more. This aligns with a hermeneutic approach (Boell and Cecez-Kecmanovic, 2010). As Boell and Cecez-Kecmanovic (2010) point out, it is important to be clear about the inherent bias and perspective I bring to this piece of work.

To keep track of the articles I have found through this search, I will be using Zotero, an open source, free to use software manager. I will use the Collections functionality to separate my references by topic of interest as follows:
· Child directed gesture
· Gesture and language learning
· Gesture and sign language
· Music and gesture
· Neuroscience of singing
A hermeneutic approach recognises that knowledge gained during the research process can be used to refine and direct further research (Boell and Cecez-Kecmanovic, 2010). For each topic, once I have read sufficiently to establish some relevant factors for the scope of this essay, I will use the Tags functionality to identify articles addressing these factors so I can refer to them as I need them in my report. As another facet of this hermeneutic approach, I will look out for the names of researchers that appear repeatedly in the articles I have found most relevant and explore their publications for related articles (Webster and Watson, 2002).

A preliminary search on the University of Wales Trinity St David (UWTSD) library website on the role of gesture in second language acquisition yielded over a hundred results. Because I aim to synthesize information across a range of fields, I need to concentrate on articles that address the issues relevant to constructing my narrative (Webster and Watson, 2002) My methodology is to begin with the most recent articles dealing explicitly with this topic and to follow the citations given, particularly those that occur repeatedly, to find older research that has influenced the work being carried out currently (Webster and Watson, 2002).

A search in the UWTSD library website using the terms ‘gesture’ and ‘motherese’ yielded a small number of fascinating studies into the gesture equivalent of child-directed speech, so I will look at all of these in more detail.

My interest in the neuroscience of vocal learning began with a series of video lectures by Heid Moss Erickson (Voice Study Centre, 2025), a recognised current practitioner in this field. Because advances in the technology in this century have enabled much of the current research (Belyk and Brown, 2017; Silva et al., 2024) and the field of neuroscience is vast, I will use her related articles as a starting point and look at cited articles (Webster and Watson, 2002; Boell and Cecez-Kecmanovic, 2010). This will give me some field-specific vocabulary to conduct more specific searches into related literature. 

I have looked at the use of gesture in singing previously in my studies through my interest in signed singing. I will draw on literature with which I am already familiar to discuss gesture in the choral world, using examples from conducting (Durrant, 2009; Martins and dos Santos Junior, 2016), training singers (Nafisi, 2013; Kilpatrick, 2020) and from solfege (Bowyer, 2015). 

My aim is to draw together what I discover about these topics and synthesize my learning in terms of my use of gesture in teaching singing.


[bookmark: _Toc218505599]Component 2: Project Report
[bookmark: _Toc218505600]2.1 Introduction

The purpose of this study was to investigate the nature of gesture and to use this knowledge to inform its use in the singing studio.

Gesture is used in a wide variety of ways in the singing world, by conductors, (Durrant, 2009; Martins and dos Santos Junior, 2016) through the hand-signs of solfege in Kodaly teaching (Bowyer, 2015) and as a tool in teaching singing (Nafisi, 2013; Kilpatrick, 2020). Through my exposure to BSL signed singing I have seen great potential in the use of sign and gesture, and I hope to understand it better.

In this report I looked at the role of gesture in communication, particularly in first and second language acquisition (Kendon, 1997; Iverson et al., 1999; O’Neill et al., 2005; Volterra, Iverson and Castrataro, 2005; Gullberg, 2006; Bunzeck and Diessel, 2025). I then looked at the neuroscience behind vocal learning and production (Belyk and Brown, 2017; Jarvis, 2019; Erickson, 2022a; Erickson, 2022b; Erickson, 2023; Silva et al., 2024).

Finally, I reflected critically on the common ground between these two perspectives and what can be applied in teaching singing and voice. I looked at the implications for my own teaching and how I can improve my approach to teaching singing based on what I have learned.


[bookmark: _Toc218505601]2.2 Review
[bookmark: _Toc218505602]Gesture and singing
There are multiple examples of the use of gesture in singing. The Australian researcher Nafisi (2013) conducted research on singing teachers’ use of gesture. Based on an initial pilot study videoing singing lessons, she divided gestures into four categories which she used in a survey of teachers in Germany: musical gestures relating to expression, physiological gestures relating to sound-producing actions, sensation gestures describing how the student experiences singing, and body movements for any other actions. She found that nearly all respondents used gestures in their practise (Nafisi, 2013). Respondents used gesture and body movement for a broad spectrum of reasons, including improving posture, technique, dealing with tension, musical expression and body awareness, and reflected a variety of schools of thought including Feldenkrais, Estil method and Alexander Technique (Nafisi, 2013). I believe the proliferation of philosophies of singing where movement and gesture are central is evidence of their effectiveness. 

Similar patterns emerged in studies of gesture in the choral world. Choral conductors use gesture to convey tempo, dynamics and expression (Durrant, 2009). One of the most salient findings in terms of research on speech and gesture is that conductor gesture works best when it is clear and consistent with verbal instruction (Nápoles, Silvey and Montemayor, 2021). Martins and dos Santos Junior (2016) studied the effect of gestures performed by amateur and professional choir members while singing and found improvement in intonation, breath control and resonance. Liao and Davidson (2016) obtained similar results with a children’s choir. This adds to the circumstantial evidence for the effectiveness of gesture in improving singing,

Brand (2021) explored some possible reasons why gesture is an effective technique in teaching singing, assisting vocal technique, improving tonal quality and enabling musical expression, for example by illustrating phrasing and style. This study (Brand, 2021) looks at evidence from sports research that performance improves when the athlete focuses on an external aspect rather than an internal aspect of their actions. Brand (2021) postulates that gesture allows a singer to focus on an external quality, such as the sound they are producing, rather than internal sensations. This insight correlates with recent research into the neuroscience of vocal learning which will be discussed in a later section.


[bookmark: _Toc218505603]Gesture and language
There is a well-documented link between gesture and speech (Kendon, 1997; Gullberg, 2006). It is important to understand that the definition of gesture is context dependent. In researching singing teaching, Nafisi (2013) found it most useful to categorise gesture by its pedagogical function. Kendon (1997) was a pioneer in the field of gesture alongside spoken or signed languages. He used the term “utterance visible action” to disambiguate his idea of gesture. Gullberg (2006, p. 104) defined gesture in terms of its relationship with speech, as “symbolic movements related to ongoing talk and to the expressive effort or intention”, as compared to other body movements. Erickson (2023, p.669), whose neuroscientific work is discussed in a later section, used the word “gesture” to mean a “gestural clustering of phonemes” to describe an excerpt from a song phrase.

There are a variety of systems for categorising gestures in their relationship with speech (Gullberg, 2006), most of them based on their functions and symbolic meanings. Gullberg (2006) described some of these categories: iconic gestures resemble what they represent in an identifiable or culturally agreed way, deictic gestures direct our attention, pointing being an example, beat gestures align with the stresses in spoken language and metaphoric gestures serve the same purpose as verbal imagery. This perspective aligned most closely with my perspective on the way these gestures can be used in the singing studio, so I have largely followed this categorisation. Gestures are part of the flow of conversation, helping us organise our ideas, assisting turn-taking and providing or requesting feedback (Gullberg, 2006).

While gestures are unique and individual, there is a recognition that a language or culture has its own vocabulary of gesture (Kendon, 1997; Gullberg, 2006) borne out of the syntax, stress patterns and grammatical constructions of the spoken language. For this reason, it has become a topic of interest in the study of language acquisition, both in infants (Iverson et al., 1999; O’Neill et al., 2005; Volterra, Iverson and Castrataro, 2005) and for second language learners (McCafferty, 2006; Brown and Gullberg, 2008; Janzen Ulbricht, 2018; Baills et al., 2019; Li, Baills and Prieto, 2020).


[bookmark: _Toc218505604]Gesture and language acquisition in infants
Child-directed speech (CDS) has been the focus of much research. While authors such as Chomsky (1972) criticised the simplification of input to learners, implying this made it harder to grasp the complexity of spoken language, there has been more focus in recent times on the interaction between adult and child, using joint exploration of the environment to build a shared system of communication (Snow, 1996; Volterra, Iverson and Castrataro, 2005; Bunzeck and Diessel, 2025). The recognised features of CDS include reduced vocabulary, slower delivery and more varied intonation compared to adult speech (Bunzeck and Diessel, 2025). The move towards looking at CDS from a usage perspective, rather than measuring it against fully developed adult language, puts greater focus on how CDS evolves with the growing communicative skills of the child, a far more interactive model (Gogate, Bahrick and Watson, 2000; Bunzeck and Diessel, 2025). This seems to me to align more closely with what we now know about the process of vocal learning from a neuroscientific perspective, as described later in this assignment.

There is relatively little literature on “gesturese”, the set of gestures mothers use with infants, compared to the body of research on CDS. Iverson et al. (1999) studied the interactions of twelve Italian mother and child dyads, when the infants were 16 and 20 months old, and most subsequent studies refer to these findings. They found that the mothers used a different set of gestures when interacting with their infant as compared to those used with adults, using less “fluid hand-waving gestures” and using simple gestures that aligned more precisely to their spoken meaning, for example by pointing (Iverson et al., 1999, p. 58). The authors described some of the functions of the mothers’ gestures as adding information, disambiguation, emphasis and directing attention. They also found that the gestures used evolved over time. A similar study on English children (O’Neill et al., 2005) corroborated these findings in activities requiring some scaffolding or support of learning. O’Neill et al. (2005) found that gestures made up nearly a third of maternal communication, and consisted of contextual information, such as emphasis, direction and disambiguation. This aligns with the neuroscientific view of vocal learning as a process of exploring and discovering our environment, learning language as we communicate with others about our expanding world view. As with Bunzeck and Diessel (2025), the gestures used between mother and child evolved over time as the child developed (Iverson et al., 1999), reiterating the importance of language development as a shared journey of exploration between infant and adult.

A study into the role of gesture in language acquisition comparing the experience of hearing and deaf infants exposed to different combinations of signed and spoken language (Volterra, Iverson and Castrataro, 2005) investigated the role of gesture alongside CDS in the acquisition of speech. Volterra, Iverson and Castrataro (2005) described the process by which infants move from single-word and single-gesture communication to gesture and word combinations, before progressing to two-word utterances. They demonstrated this with reference to various previous studies in addition to their own. This illustrates how closely spoken and manual modes of communication are connected, especially in the early stages of language acquisition. 


[bookmark: _Toc218505605]Gesture and second language acquisition
Numerous studies into second language acquisition have explored the ways gestures support learning (McCafferty, 2006; Brown and Gullberg, 2008; Janzen Ulbricht, 2018; Baills et al., 2019; Li, Baills and Prieto, 2020). Different types of gesture (Gullberg, 2006) assist learning a second language in different ways, which may help to inform the way we use gestures as teachers of singing.

Salvato (2022) described the necessity of relying on non-verbal communication, including gesture, in a beginners’ language class. The author (Salvato, 2022) described various ways that gesture can clarify speech, for example by illustrating that an action is ongoing, by regulating turn-taking in conversation and by indicating whether we agree or disagree. In this study (Salvato, 2022), learners of Italian with a variety of first languages were explicitly taught common Italian gestures and encouraged to use them in conversation.

Iconic gestures, which remind us of the word they accompany in some way (Gullberg, 2006) are useful in helping build vocabulary in the new language as they provide a kinaesthetic link to that object or action (Kelly, McDevitt and Esch, 2009). This relationship is more complex than might first be imagined. A study on Dutch learners of Spanish (Hoetjes and van Maastricht, 2020) showed that the complexity of both gesture and novel vowel sound affected whether the gesture assisted in learning new phonemes. This leads me to believe there may be a role for iconic gestures to play in memorising and reinforcing the meaning of lyrics, so long as the singer connects the gesture to the word or words at an intuitive level.

Beat gestures have various roles to play in verbal communication. McCafferty (2006) studied the way a learner uses beat gestures to match the syllables of the new language, helping them to produce fluent speech by embodying its stresses and rhythms. In some languages, such as English, rhythmic pattern follows the stressed syllables which tend to fall at roughly regular intervals, while in others, such as Spanish and French, all syllables tend to have similar lengths (Gluhareva and Prieto, 2017). The authors (Gluhareva and Prieto, 2017) found that use of beat gestures improved fluency and accent placement in a second language with different rhythmic patterns to the first language. It seems to me that music, which uses strong beats and expression markings to indicate where stresses should fall, is a perfect case for the use of beat gestures to make singers more aware of these patterns.

Having worked with singers that struggle with intonation, I was particularly interested in studies of the effect of gesture on pitch discernment. Second language learners of Mandarin must become sensitive to the importance of tonal variation in this language, a distinction that languages such as English do not employ (Baills et al., 2019). This study showed that congruent hand gestures designed to represent the tone pattern of the words, especially if performed by the learner rather than just the teacher, were found to increase the learners’ perception and recall of tone variations (Baills et al., 2019). This is an observation that might benefit singers who struggle with intonation, for instance using melodic contours to increase a student’s perception of pitch changes. Having followed Kodaly methodology, I have used solfege hand signals to represent relative pitches (Bowyer, 2015) to teach students a kinaesthetic grasp of intervals in a similar way.

Jansen Ulbricht (2018) compared the long-term effect on fluency of two different styles of gesture support of learning material in a second language (an English play) in two German schools. In this study, the first method was to attach a gesture to each phoneme and learn the script with these gestures, while the second was to attach a gesture to each phrase or sentence (Jansen Ulbricht, 2018). The effectiveness of the method was found to depend on the initial fluency of the learners, the first method being more effective for less fluent learners and the second for more fluent learners (Jansen Ulbricht, 2018). This resonates with the findings of studies in child-directed gestures, which showed that mothers modify their use of gesture as the child’s grasp of language develops (Iverson et al., 1999). It appears that the relationship between gesture and speech is complex and nuanced, very much depending on the subjective interactions between teacher, learner and the content they are exploring.


[bookmark: _Toc218505606]Gesture and sign language
Having become interested in the role of gesture in my teaching through learning songs in BSL, I was interested in the way we distinguish language and gesture for a manually expressed language.

The definition of gesture use within a signed language is a complex one. Müller (2018) described the differing schools of thought as deriving from different views on what constitutes gesture. She pointed out that Kendon (1997) studied the development of signed languages, saw them as emerging from the same medium and therefore considered gesture as part of the continuum of a fully developed sign language. Goldin-Meadow and Brentari (2017), who argued for a complete separation of gesture and signed language, looked at the role of gesture in assisting and predicting learning in other fields, such as mathematics, so were interested in a specific subset of gestures relating to abstract processing, rather than concrete communication. Müller (2018) argued a more dynamic, fluid boundary between gesture and spoken or signed language. For my purposes as a practitioner researcher, the latter position is useful. I am interested in the way I can borrow the gesture component of signed singing to enrich my teaching as a tool for illustrating musical expression. 

A study by Newman et al. (2015) shed some light on the boundary between language and gesture for sign language speakers, showing that for signers both American Sign Language and iconic gesture describing motion were processed by the parts of the brain associated with language processing, while non-signers used the parts of the brain concerned with biological motion to interpret the same video footage. In my view this underlines the difficulty in establishing a clear border between sign and gesture. 

Chen Pichler and Koulidobrova (2015) discuss the complex area of studying second language acquisition of a signed language. They point out that, as with other second language learners, signed language learners impose the grammatical structure and rhythms of their first language on their new language at first, but also quickly acquire signs that resemble those used by non-signers, for example “call me” (Chen Pichler and Koulidobrova, 2015, pp. 223-224). Just as some words will be easier to learn in a spoken second language because they are similar to words with the same meaning in the learner’s first language, it turns out that some signed vocabulary is easier to learn because the sign resembles an iconic gesture with the same meaning (Ortega, Özyürek and Peeters, 2020; Karadöller et al., 2024). This resonates with my experience with signed song, where the actions are easier to perform than body percussion, for example, because there is frequently an intuitive connection between the sign and its meaning.
[bookmark: _Toc218505607]Gesture in other fields of learning
There is evidence that gesture is part of the learning process in areas outside of language (Novack et al., 2014; Wakefield et al., 2018; Stylianou et al., 2024). McCafferty (2006) describes gesture as part of the process of obtaining knowledge through sharing lived experience, by interacting with the physical world. As McCafferty (2006) goes on to say, we may also use gesture in private, when learning on our own. 

Wakefield et al. (2018) described the difference between action learning, for instance in dividing a cake into segments to illustrate fractions, with the gesture a teacher uses to illustrate the same process. The authors suggested that the gesture provides the abstract idea of the concept, compared to the specific example given in action learning (cutting an actual cake), creating a more generalised concept for the learner which can be applied across multiple examples. This seems seminal to me, and a perfect example of the metaphoric aspect of gesture. For a singing student, an equivalent metaphoric gesture might be expressing yearning by reaching out with the hands to echo this sentiment in the song. 

Another function Wakefield et al. (2018) ascribed to gesture was emphasis of important words and concepts, an idea that carries over very naturally to music where the conductor literally illustrates the beats. Similarly, we might use gesture to reinforce the stress on the focal syllable of a sung phrase.

The research conducted by Wakefield et al. (2018) examined the hypothesis that gestures promote learning because they direct our attention to what is being taught. The author found that, while this is the case, gestures integrated with speech assist us best in understanding an abstract concept. The authors found that the combination of gesture and speech assisted the learners in identifying the important elements of what was being said. This functionality is useful for a singer in thinking about what is most important, and for the audience in responding to the meaning of the phrase. 


[bookmark: _Toc218505608]The neuroscience of vocal learning and speech production
The process of imitation, learning and improvising speech and song has turned out to be a complex and fascinating field of study. Humans are the only primates who exhibit this behaviour, though other vocal learners have been identified across the animal kingdom (Jarvis, 2019).

Understanding which areas of the brain control production of speech and singing is an area of study that is undergoing rapid development, as twenty-first century tools such as functional magnetic resonance imaging (fMRI) have helped clarify the exact locations in the brain of the laryngeal motor cortices (Belyk and Brown, 2017). It turns out that motor control of the larynx for vocal production is closely associated with control of other speech-related systems, the articulators and the expiration phase of breathing, and that there are two area of the brain which control these systems, the dorsal laryngeal motor cortex (dLMC) and the ventral laryngeal motor cortex (vLMC) (Belyk and Brown, 2017; Jarvis, 2019; Erickson, 2023). This close association of motor control of the complex group of systems involved in vocal production in humans explains why earlier researchers struggled to isolate the exact location of laryngeal motor control using older technologies such as neurosurgical stimulation, transcranial magnetic stimulation (TMS) and electromyography (EMG), (Belyk and Brown, 2017).

Having two separate areas of laryngeal motor control, the dLMC and the vLMC, distinguishes us from other primates that do not communicate using speech in such a complex way (Belyk and Brown, 2017). Of the other vocal learners in the animal kingdom, only the neural vocal learning pathways of songbirds have been studied extensively, but they exhibit the same duplication of motor control cortex locations allowing for feedback between perception and production of sound (Jarvis, 2019).

Jarvis (2019) described the learning pathways that enable vocal learning, the ability to imitate and modify perceived sounds. Figure 2 (Jarvis, 2019) gives a comparative illustration of the presence of a feedback loop across humans and songbirds, compared to its absence in other primates and in birds that are not vocal learners.
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[bookmark: _Toc218507940]Figure 2: Comparative brains of vocal learners and non-vocal learners (Jarvis, 2019). 

Jarvis (2019) proposed that it is the connections between the auditory processing part of the brain including Wernicke’s area, and the vocal premotor area, that allow humans to imitate, learn and produce speech and song in a similar way to songbirds. The connecting structure in humans is called the arcuate fasciculus (Erickson, 2022a) and is highly developed in trained opera singers compared to the general population. Jarvis (2019) hypothesised that in songbirds and humans this pathway evolved by the duplication of an adjacent motor pathway which became specialised for vocal learning. This hypothesis is supported by the presence in both songbirds and humans of 50 to 70 genes associated with vocal processing which more closely resemble those of the adjacent motor areas than other auditory areas (Jarvis, 2019). While this is a hypothesis, it adds to the circumstantial link between gesture and speech in terms of neural organisation.

Erickson (2023) described the complexity of the paths of auditory perception and vocal production, and their highly flexible operation. All vocal learning in both songbirds and humans begins with assimilating input (Erickson, 2022a), and maps that input onto our articulator system. Zebra finches learn tunes by hearing and imitating snatches of song from an adult “tutor” by trial and error (Erickson, 2022a, p. 2) and then joining the segments together. This process is analogous to language acquisition in infants, where initial speech consists of single words, progressing to two-element utterances as the infant develops in expertise (Volterra, Iverson and Castrataro, 2005).

Silva et al. (2024) described the developing field of synthesizing speech by using neuroprosthetics, such as electrocorticography (ECoG) electrode arrays. Speech can be broken into constituent sounds or building blocks known as phonemes, and the mapping of control of the articulators for each phoneme is so precisely located in the brain that it can be mapped through these ECoG arrays for the purposes of speech synthesis (Flinker et al, 2011; Silva et al., 2024). Critically, this mapping is possible even if the speech is internal, for example for “locked-in” people with damage preventing them from speaking aloud (Silva et al., 2024). The authors described some of the work involved in effective speech synthesis. It is necessary to collect large amounts of data for a specific language to predict variations in pitch use and syntax, using machine-learning to interpret the neural signals into intelligible speech (Tang, Hamilton and Chang, 2017; Silva et al., 2024). As shown in Figure 2 (Silva et al., 2024), this illustrates the complexity and precision of the neurological activity required for speech production. As noted by Erickson (2023) this complexity has implications for the way we teach singing: we should be looking at ways to optimise this operation rather than expecting full control of our articulators while singing. The implication is that there is simply too much going on for us to have full conscious control of the process. 

Two other aspects discussed by Silva et al. (2024) have a bearing on the topic of speech and gesture. Firstly, it is interesting to note in Figure 3 that the area for motor control of the hand is adjacent to the areas controlling the articulators, because the somatotopic arrangement of the brain, the relative position of areas for motor control of different parts of the body, tend to be arranged so that physically related areas are close together. This is not positive proof of a relationship between speech and gesture, but it does suggest that their functions may be aligned in some way. Secondly, individual neurons have been detected in the orofacial and hand cortex of the anterior gyrus that connect to the articulators, again pointing to a deeper connection between gesture and speech that is not yet fully understood.
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[bookmark: _Toc218507941]Figure 3: Location of articulator control (Silva et al., 2024)


[bookmark: _Toc218505609]Discussion
Gesture is clearly a powerful tool. Through the examination of the role of gesture in the acquisition of language, we can see that gesture enables and supports learning, whether it is our first language (Volterra, Iverson and Castrataro, 2005; Bunzeck and Diessel, 2025) or a second language (McCafferty, 2006; Brown and Gullberg, 2008; Janzen Ulbricht, 2018; Baills et al., 2019; Li, Baills and Prieto, 2020). There is evidence that gesture can help us acquire understanding of diverse topics, as has been shown in mathematics (Novack et al., 2014; Wakefield et al., 2018; Stylianou et al., 2024). 

A study into the use of singing in a multilingual Swedish preschool (Kultti, 2013) provided a good example of the way singing, gesture and shared exploration of the environment can facilitate learning. Kultti (2013) described the way group singing on themes of interest to the children incorporated repetition, gesture and the qualities of child-directed speech (simplicity, slower tempo and pitch variation) to provide ideal language learning conditions which the children were able to incorporate into their own play, communicating across different first languages.

The use of gesture as metaphor is particularly useful in the singing studio. While there is technical understanding of the mechanisms of breath, the vocal cords, the vocal tract and the articulators, translating this knowledge into clear instruction in the studio is a challenge (Brown, 2025). The processes of vocal learning and vocal production rely on extremely complex, interconnected and constantly changing systems (Erickson, 2022a; Erickson, 2022b; Erickson, 2023). We can increase our chances of success by using verbal and gestural imagery, connecting a gesture or a mental image to a particular sensation and sound so we can reproduce it with some level of control (Erickson, 2022a; Erickson, 2022b; Erickson, 2023; Brown, 2025).

Our understanding of the paths of vocal learning in the brain is increasing rapidly (Jarvis, 2019; Silva et al., 2024). While the location of the production of the phonemes that make up speech has been successfully mapped, this has not yet been correlated with the gestures that accompany speech (Silva et al., 2024). While there is clearly a strong interplay between gestures and vocal production, we do not yet have enough evidence to say exactly where and how this occurs. Jarvis (2019) suggested that the vocal learning pathway may have evolved by duplication of a motor pathway, but he made it clear there may be other explanations. As Silva et al. (2024) pointed out, motor control of the hands occurs adjacent to the region where the articulator control occurs. 

Brown (2025) looked at the use of verbal imagery and its limitations in an age where we do understand some of the mechanisms of singing. She made it clear that there are pitfalls to be avoided, as the learner will bring their own mental imagery and previous experience to bear on a new image. Brown (2025) suggested allowing the student to create their own metaphoric descriptions to articulate how they have arrived at a particular sound or concept. I would suggest this approach could be extended to gestures, so that the student builds their own library of gestures to assist them in finding the sounds they wish to produce.

Erickson (2023) advocated using our understanding of the iterative, feedback-based nature of vocal learning to our advantage by finding creative ways to provide information to the processing centres of the brain. Her methods include taking small sections of a passage of music and singing them in different tempi, musical styles and conveying varied emotions. I believe that adding physical gesture to this creative process could help facilitate this kind of practise.


[bookmark: _Toc218505610]Conclusions and Future Recommendations
Gaining a deeper understanding of the complexity of vocal learning and production has made me think about teaching singing in a broader way (Erickson, 2022a; Erickson, 2022b; Erickson 2023). As Erickson (2022a; 2022b; 2023) explained, the brain is the most influential part of our singing equipment and performs intricate, dynamic calculations as we perform. This is something I feel we should hold in mind as singing teachers, that our students are far more than a pair of lungs and a vocal tract.

This is daunting, but also exciting, as we can teach the singer to explore new ways of providing themselves with richer information to inform this neural process (Erickson, 2022a). Understanding the plasticity of the brain and its ability to find new ways to produce the sounds we want gives us an intelligent way to meet different vocal challenges (Erickson, 2022b).

Gesture holds a vital place in our communication and has a close relationship with our processes of acquiring language (Volterra, Iverson and Castrataro, 2005; Bunzeck and Diessel, 2025), even though we cannot yet quantify the relationship at a neural level. Associating gesture with our phrasing, emotions and even our meaning has huge potential as a tool in teaching voice, in much the same way as metaphor (Brown, 2025). As Brown (2025) explained, the danger of using a metaphor is that it may not mean the same to the teacher and the student (Brown, 2025), so it is most effective to work with the student to find suitable gestures, rather than imposing them. This corresponds to the way infants learn language by exploring their environment alongside a nurturing adult who matches their verbal and gestural response to the child’s current grasp of that language (Iverson et al., 1999; Bunzeck and Diessel, 2025).


[bookmark: _Toc218505611]2.3 Critical Reflection 
My critical reflection is structured on the experiential learning cycle of experience, reflection, thinking and action (Kolb and Kolb, 2018), which recognises that learning is an ongoing, iterative process. 

My interest in this topic began with my experience of signed song and the impact it had on my practice. This literature review allowed me space to reflect on this impact and investigate the reasons behind it. 

It seems appropriate that my choice of hermeneutic methodology (Boell and Cecez-Kecmanovic, 2010), following an iterative process using my initial research to refine my subsequent research, tied in with my findings on the iterative way we learn and develop language skills. As infants, we explore our world under the guidance of a parent figure and develop spoken language through joint interaction and feedback from the environment (Volterra, Iverson and Castrataro, 2005; Bunzeck and Diessel, 2025). Similarly, the neural processes that enable us to learn and produce speech and song rely on a complex, iterative feedback system between different areas of the brain (Jarvis, 2019; Erickson, 2022a; Erickson, 2022b; Erickson, 2023).

Following an iterative process through this assignment enabled me to connect ideas from different disciplines (Boell and Cecez-Kecmanovic, 2010). On my first pass through the literature on second language acquisition (McNeill, 1985; Kendon, 1997; Gullberg, 2006), I was primarily concerned with understanding terminology that was new to me and following the thread of discussion in each article. Coming back to these articles after gaining a better understanding of vocal learning (Jarvis, 2019; Ericson, 2022a) I was better able to frame my learning in terms of the way our brains understand and produce speech.

While studying this topic, I have been reflecting on the effectiveness of gestural imagery in my singing teaching. Using a sweeping arm gesture to represent the length of a phrase has been very effective at improving breath control (Erickson, 2022b). As Erickson (2022b) explained, there is a complex interplay between our perceived need to breath and the physical state of our body and mind. As with many gestures, I believe that part of the effect may be to distract us from interfering with the complex process of producing the precise sounds we want, to encourage us to relax and concentrate on what we want to convey, rather than how to do so. This ties in for me with the article by Brand (2021) discussing the way gesture provides an external focus, which results in improved performance compared to focussing on what is happening internally.

While I already use gesture in my teaching practice, my reading for this review has opened my eyes to new ways of using gesture, for example to model pitch patterns for intonation (Baills et al., 2019) to tie in with the Kodaly system of hand signals to represent relative pitch (Bowyer, 2015). In future I will be looking for iconic, metaphoric and beat gestures (Gullberg, 2006) that have some intuitive link with any area that challenges a student, as a kinaesthetic aid to meeting that challenge. I will encourage the student to come up with their own gestures so that there is a clear metaphoric link for them (Brown, 2025).

As a singer, I have found I am more relaxed and more confident when performing a BSL translation, as I am immersed in remembering the signs and what they mean. Many signs are iconic in nature, in the same sense as iconic gestures where the sign represents an object or an emotion in an identifiable way (Gullberg, 2006; Kelly, McDevitt and Esch, 2009). In the same way internalised speech activates the same areas of the laryngeal motor cortices as speaking out loud (Silva et al., 2024), mentally performing the signed translation creates the same feeling of immersion as physically signing. 

As a conductor, I have found that being more aware of gesture and intention through using signed song has improved the choir’s performance in a similar way. As the literature shows, gestures are most effective when they are consistent with what we want to convey, for example using quick, sharp movements for staccato passages (Martins and dos Santos Junior, 2016). This makes sense as the singers will have a clearer picture of what I want and will respond to my feeling more relaxed and confident. 

Overall, having gained a broader picture of the complexity of the neural systems involved in learning and producing vocal learning (Jarvis, 2019; Erickson, 2022a; Erickson, 2022b; Erickson, 2023; Silva et al., 2024) and the power of gesture in learning (O’Neill et al., 2005; Goldin-Meadow, 2018) has empowered me to explore different ways of approaching challenges in the singing studio and encourage my students to explore their voices holistically. 

Having reflected on my experience and thought about my learning, I am ready to act and make changes to the way I teach (Kolb and Kolb, 2018). The many techniques and tips I have been taught over the years will remain part of my toolkit, but my perspective has shifted towards viewing them as part of the learning process, rather than part of performance. Based on what I have learned about the plasticity and complexity of the neuroscience of the voice (Erickson, 2022a; Erickson, 2022b; Erickson, 2023), I will look to empower students to trust in the outward focus advocated by Brand (2021) and use the full power of their imagination when they sing. Gesture provides an excellent tool for externalising and making physical what we want to hear (Goldin-Meadow, 2018).

This brings me back to the next iteration of the cycle, which will be to experience the effects of using my learning in my practice (Kolb and Kolb, 2018) and reflect continually on what is working best for my students and me.
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Fig. 3. Brain pathways for vocal leaming and spoken language. (A) Vocal learning pathway of songbirds.

(B) Vocal learning and spoken-language pathway of humans. (C) Innate brainstem vocal pathway in vocal nonlearning
birds. (D) Vocal pathway in nonhuman primates. Comparable brain regions and connections across species are in the
same color and projected on smoothed surface brain images. Orange regions and black solid arrows, posterior
vocal motor pathway. Red regions and white arrows, anterior vocal pathway. Dashed arrows, connections between the
two subpathways. Red arrows, specialized direct projection from motor cortex to brainstem vocal motor neurons in
vocal learners. Gray regions, innate vocal pathway. Blue regions, auditory regions. Blue arrows, auditory input to
specialized vocal learning and spoken-language regions. Subcortical vocal regions are outlined with dashed lines.
Orange and red regions in nonhuman primates (D) are less transparent to indicate continuum hypothesis of a
rudimentary forebrain vocal circuit. A subset of connections are shown for simplicity. Al, primary auditory cortex; A2,
secondary auditory cortex; aDLM, anterior dorsolateral medial nucleus of the thalamus; Ai, intermediate arcopallium;
Am, nucleus ambiguus; aSMA, anterior supplementary motor area; aSt, anterior striatum speech area; aT, anterior
thalamus speech area; Av, avalanche; CMM, caudal medial mesopallium; CSt, caudal striatum; DM, dorsal medial
midbrain nucleus; HVC, a letter-based name; L2, Field L2; dLMC, dorsal laryngeal motor cortex; vLMC, ventral
laryngeal motor cortex; preLMC, premotor laryngeal motor cortex; OMC, oral motor cortex; MAN, magnocellular
nucleus of the nidopallium; MO, mesopallium oval nucleus; NCM, nidopallium, caudal medial part; NIf, nidopallium
interfacial nucleus; NLC, nidopallium, lateral caudal; PAG, periaqueductal gray; RA, robust nucleus of the arcopallium;
Xllts, 12th vocal motor nucleus, tracheosyringeal part. [Figure is updated and modified from (4)]
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