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Portfolio
Introduction and rationale
There is evidence that intonation is considered the single most important factor in judging vocal talent (Watts et al, 2003). I have experienced this in my own practice, frequently finding that I subconsciously form a negative judgment of singers who might possess an attractive voice and a variety of other musical talents, but whose intonation is poor. I have, however, lacked any evidence-based knowledge as to how this problem can be addressed, and have felt inadequately equipped to help singers overcome such an important challenge. 
A lack of pitch control can also have a damaging effect on musical self-image, and act as a disincentive from participating in musical activities throughout life (Demorest, Kelley and Pfordresher, 2017; Welch, 2006). Since it is extremely important to me that I encourage musical participation through my teaching, I am keen to ensure that none of my own pupils consider poor intonation to be an insurmountable challenge. Indeed, it is statistically true that the majority of the population can sing in tune: whilst a survey of university students found that 17% self-reported as tone-deaf, the real prevalence of congenital amusia is thought to be much lower, possibly only 4-5% of the population (Cuddy et al, 2005; Hyde and Peretz, 2004).
On initial reflection, I became aware of various ways in which this challenge is difficult to address. Firstly, there is the complex nature of pitch itself. Whilst fundamental frequency is a measurable physical characteristic – the average rate of vibration produced by the vocal folds – pitch itself is a subjective perceptual phenomenon, affected by a variety of factors such as intensity, duration, spectral envelope, and the listener’s ears (Watts, Moore and McCaghren, 2005; Vurma and Ross, 2006). 
In addition to the problematic nature of tuning itself, there is a further challenge due to the variety of tuning problems that singers experience. My teaching practice has consisted mainly of individual lessons for singers aged 6-18, including a wide range of abilities. I have also taught some adults, and worked with vocal ensembles of varying ages, sizes and ability levels. In individual lessons, I have taught some singers who sing in tune when accompanied, but drift when singing unaccompanied. Others can hold a tune, albeit with poor intonation, when accompanied, but appear unable to reproduce a melody when unaccompanied. Others stay in tune overall, but the pitching of each individual note is imprecise, seemingly random. Others sing most notes in tune, but certain pitches will always deviate in a particular direction. Others sing most notes in tune, but often deviate at the beginnings or endings of phrases. Others always sing flat or sharp no matter what. Many of these same problems occur when I work with ensembles, with the added challenge of tuning to other singers, both on the same part and on different parts. Whether singing solo or in an ensemble, some singers seem aware of the problems they face, whilst others show limited recognition that their pitching is inaccurate. 
From my initial research I have understood that in order to sing a pitch correctly, a singer must first perceive the pitch, then construct a motor plan to reproduce the pitch vocally, and finally implement this motor plan; if there are errors in any of these three stages, this will lead to poor pitching (Thompson and Mantell, 2024; Estis et al, 2011; Hutchins, Larrouy-Maestri and Peretz, 2014). It is no wonder, then, that pitching problems manifest in a variety of forms. I have generally approached pitching problems by mentioning to the student that they are occurring, then using the piano to demonstrate and to practise tuning more accurately. I have little sense, however, as to whether this leads to a long-term improvement in any or all of the different cases, and also a feeling that there must be more tools available if I can only find them.  
Given that I have very little prior knowledge in this area, together with a wide range of problems to address, I will approach the study with an open mind as to the direction it takes. That said, I have chosen the tuning problem that I most commonly encounter as the focus of my study: imprecision in tuning when singing as an accompanied soloist. I will, therefore, note any points of relevance to other tuning problems when they occur, and I will be open to changing direction if it will lead to a better learning experience, but this is the problem that will guide my questioning as I embark on the study. 
Since my teaching encompasses a wide age range, I also need to decide which ages my study will address. During childhood, singers go through different phases of development, from following the rough contour of a melody through to singing melodies “in tune”, which most children achieve by the age of 11 (Welch, 2006). Whilst I have previously worked with younger children (6-11), and intend to do so again, the majority of my current work is with singers aged 11+.   For this reason, I have chosen to focus on adolescents and adults, who, in the main, have been through the preliminary stages of development experienced in childhood. It might have been useful for my current practice to focus solely on adolescents, but I decided against this for two reasons: firstly, I am aware that I will need to cover a lot of ground in order to gain a basic understanding of intonation in singers, and investigating the specific problems experienced by adolescents will require extra work that I simply cannot carry out as part of this small-scale study. Secondly, the bulk of the research into pitching uses samples of either children or young adults, with very little specifically relating to adolescents (Berkowska and Dalla Bella, 2009a; Demorest and Clements, 2007; Pfordresher and Demorest, 2021). 
Thus, I will primarily focus on accompanied solo singing in adolescents and adults, but remain open to deviations from this if it serves my understanding and practice.  

Planned programme of study
The aim of this study is to explore the reasons for poor intonation in singers beyond childhood, and to identify methods for improving pitch accuracy. 
My objectives are:
1. To develop an understanding of literature review methodologies.
2. To carry out a literature review relating to poor intonation in singers, covering three key areas:
a. The role of perception in vocal pitching
b. The role of motor/sensorimotor control in vocal pitching 
c. Effective interventions to improve poor pitching
3. To integrate my findings in these three key areas and develop a strategy for approaching cases of poor pitching in the future.
4. To identify areas for future research. 
5. To critically reflect on the learning process.
My personal learning outcomes are:
1. To broaden my understanding of the literature review process and improve the rigour of my own reviews.
2. To gain a better understanding of the processes involved in vocal pitching and the problems that singers encounter. 
3. To acquire knowledge of a range of methods that can be used to overcome problems with pitching, together with a strategic understanding of how to apply such methods.  



The timescale for this project is as follows:
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	Critical reflection
	
	
	
	
	

	Submit draft and rewrite
	
	
	
	
	

	Final submission
	
	
	
	
	



Literature review methodology
My aim is to take an overview of a broad area in which I have not previously undertaken research, which means that a narrative form of review will be most suitable (Rhoades, 2011). Boell and Cecez-Kecmanovic (2010) put forward a model of literature review as a hermeneutic cycle, arguing that it is better seen as a continuing process of deeper understanding rather than a journey towards a final endpoint. This model seems particularly relevant to my own case, since I cannot possibly review all the literature relevant to poor intonation, and I cannot fully anticipate the direction my study will take. I will need, therefore, to undertake an iterative process where I repeatedly move between reading articles and assessing the progress of my study, identifying areas of interest to pursue and knowledge gaps that must be filled. As Bates (1989) describes in her “berry-picking” model, every new piece of information influences the nature of the query itself, and thus there is a constantly evolving search.
In taking an open-ended approach, there is a danger that I am overwhelmed by data and that my review ultimately lacks focus, coherence, and relevance to my practice. It is thus important that I ensure a balance between open-ended questioning and systematic procedures. Torraco (2005) describes how reviews rarely examine all aspects of previous research, but instead adopt a ‘lens’ based on their own objectives, and point this lens towards specific aspects of the literature. My practice acts as my lens, and I will constantly keep in mind the implications for practice as my search evolves. 
As a basis for developing a systematic approach, I have used Rhoades’ (2011) “Process of Developing A Good Literature Review”. I have taken the steps in this process and adapted them to suit a hermeneutic approach. 
1) Define the topic or research question: a good narrative review is objective-focussed (Rhoades, 2011), so I have taken time to consider and determine my question, aim, objectives and learning outcomes. 
2) Identify the relevant information (inclusion/exclusion criteria and keywords): I will be undertaking multiple searches as part of the hermeneutic process, and subsequent searches will be influenced by the progress I have already made. I have, however, developed a strategy for my initial search. I will use the key phrases “sing in tune” and “singing in tune”, both in isolation and combined with the keyword “adolescents”. I will refine my search by looking for accessible peer-reviewed articles, in the English language, that are no more than forty years old. 
3) Conduct the literature search: I will start my search using the UWTSD library, limiting results to those which I can access online. This approach is endorsed as part of the hermeneutic approach by Boell and Cecez-Kecmanovic (2010), who recommend judging the importance of further publications after reading the first set of accessible relevant papers. Rhoades (2011) states that multiple search engines should be used, and in order to minimise the risk of missing important literature I will use both UWTSD and Google Scholar in subsequent searches. For all searches, I will follow Randolph’s (2009) instructions to document key details of the search, including the search engine, terms of the search, and number of records resulting from the search. 
4) Screen all and exclude irrelevant studies: I will exclude studies that are not relevant to poor intonation in adolescents and adults, and will record the reasons for all exclusions. Possible reasons will include age range, musical culture, and primary topic, for example papers which are medical in nature. 
5) Scrutinize the relevant studies: As advised my Merriam and Tisdell (2016), I will start by asking the following questions as I review the studies: 
· Is the author an authority on the topic?
· When was the article written? 
· What exactly has been written about or tested, and is it relevant to my study?
· What is the quality of the study, i.e. is it thoughtful and well designed?
Since this is not a systematic review, I will not be excluding studies based on methodology, but will be taking methodological concerns into account when considering the implications of all relevant studies. 
6) Extract data: I will use the same method of storing data as I used in previous modules, which is similar to Berg’s two-card method (Berg, 2001) but stored electronically in a spreadsheet rather than on actual cards. I will keep a tab for each article, and copy any sections of interest verbatim. Later on, I will copy these quotations onto new category tabs.
7) Repeat from step 2 as necessary, as part of the hermeneutic process. Further searches using the same process but with different keywords may be necessary, but at this point I will also use references from the first set of papers, and search for citations to ensure I locate the most up-to-date studies. Research indicates that less formal methods of searching such as these are in fact the most widely used in practice (Stoan, 1984). As recommended by Randolph (2009), my ideal is to carry on searching until I reach saturation, the point at which no new relevant articles come to light. Since I am researching a wide and established topic, however, this is likely to be impossible for such a small-scale study. Boell and Cecez-Kecmanovic (2010) endorse a pragmatic approach to this problem, continuing only until additional articles make a marginal contribution to further understanding and a substantial proportion of the references cited in the article are already known. I will take this approach, judging the exact point that I determine to be ‘saturation’ in line with practical constraints. 
8) Synthesize findings: my synthesis will be inspired by the integrative review approach, which can be useful in situations when the purpose is not to cover all published articles but rather to combine perspectives in an integrated way, enabling new frameworks to be found (Snyder, 2019; Torraco, 2005). I will ensure that I consider the relationships between articles to produce a truly integrated review rather than a list of summaries, as cautioned by Snyder (2019). This integration will help me construct an account, or ‘story’, one of the key aspects of a literature review identified by Forrester (2010). The account is likely to be thematic, but this will be determined after categorisation of the data. 
9) Repeat from step 7 as necessary, as part of the hermeneutic process. If I find gaps in my knowledge after synthesis, I will need to undertake further searches. 
10) Develop conclusions: having completed all searches and synthesized my findings, I will consider the implications for my teaching practice, and voice pedagogy more generally. 
 


Critical reflection
This assignment has giving me two distinct learning experiences. First, I have learned about the subject of my assignment: how to address poor intonation within my teaching practice. Second, I have learned about the process of conducting research. I have reflected on both these experiences using Kolb’s Experiential Learning Cycle as a model (Kolb, 1984). 
Teaching practice:
This part of the experience was certainly the more straightforward of the two. Although much of the evidence I reviewed for my assignment was inconclusive, contradictory, and insufficient for a full understanding of the topic, it is clear to me how I should apply the conclusions I have been able to draw. 
1) Concrete experience
I experienced the ‘uncomfortable feelings’ described by Atkins and Murphy (1993), as I found myself repeatedly listening to students singing with poor intonation and realised that my existing knowledge was insufficient to address the problem effectively. 

2) Reflective observation
I realised that what I had viewed as one large problem, “poor intonation”, was vastly more complicated than I had acknowledged. I began to analyse the different ways in which I experienced poor intonation within my practice. Once I had broken the problem down into different types of poor intonation – imprecision, tonal drift, consistent flatness/sharpness, for example – I knew that there would not be one simple solution. Instead, I would need to learn about a range of different approaches to the problem of poor intonation, and develop a strategy that could be tailored to each individual situation. 

3) Abstract conceptualisation
This stage involved learning about the different areas in which a deficit could lead to poor intonation – perception, motor control, sensorimotor mapping, and memory – and the symptoms of each type of problem.  

4) Active experimentation
I have gained knowledge of a variety of techniques for addressing poor intonation, as set out in my assignment, together with a very simple strategy in Appendix 2. Here I set out more detailed questions I will need to ask myself in each situation:
i) Can the singer match isolated pitches accurately?
ii) Does the singer possess adequate pitch discrimination abilities?
iii) Does the singer tend to sing inaccurately, imprecisely, or both?
iv) Are certain frequencies or degrees of the scale more often out of tune?
v) Are there technical problems that need to be addressed?
vi) Is the singer inordinately affected by musical interference?
vii) Is the singer inordinately affected by timbral differences?
viii) Is the chosen repertoire suitable for this singer’s abilities?
ix) How can I lighten the cognitive and motor load experienced by this singer?
Part of my active experimentation will involve reflecting on this list regularly and updating it when necessary, as my teaching practice allows me to reflect ‘in action’ (Schön, 1991).
Another less technical aspect of my learning was to draw similarities between this experience and previous modules. I am repeatedly finding that the practical implications of my research do not include anything vastly different to what I already do, or that I would do if I took adequate time to reflect and analyse the situation thoroughly. What I am often missing is this thorough reflection and analysis, together with the patience to wait for results. Often, I am too quick to judge that my methods are not working. All skills take time to become habit, and singing is no exception.

Academic research:
This element of my learning has been far more complicated, making the assignment extremely useful to me from an academic perspective. 
1) Concrete experience
In previous modules I had stored and read all articles in Mendeley. I used a system of note-taking which involved keeping a tab in a spreadsheet for each article I read, copying across any sections that seemed relevant to my study with a note of the page number, and using highlighter in my stored version of the article for ease of locating sections later on. After reading all articles and getting a sense of the direction of my study, I re-read them and updated these tabs. I then categorised the stored notes across all tabs, and moved them around visually to create a ‘story’ within each category. I found this technique worked well, and imagined it would suffice for all modules. When I came to use the same method for this current module, however, I found myself running into problems. My method no longer felt orderly; this time it was verging on chaotic. It was very difficult for me to process all the notes I had taken and turn them into a coherent narrative.

In addition to this, I found my search method to be unhelpful. My initial searches did not yield studies which I later found to be key to my topic, and which I would have expected to have been linked to the key words I had chosen. I found these studies later on, through reference and citation searches. In the end, I felt that I had a good set of studies to use, but the process of finding them was unnecessarily challenging.  

2) Reflective observation
Most of my problems arose from feeling so short of time that I ploughed on at every stage in a panic. A combination of increased pressures on my time together with the increased complexity of the task meant that I did not feel I could afford to take such a leisurely pace as I had in previous modules. After reflecting now, I have unpicked the overwhelming sense of chaos and identified individual problems to address. 

There were two reasons why my method was not as successful in this module as in previous modules. First, I was in such a rush that I did not revise the method I had used in previous modules and repeat the process in full. I failed to remember that I had included a sentence at the top of each tab summarising the content of that article. I failed to update all information in Mendeley so that I could see accurate information on all articles and find each one easily. Occasionally there were papers that I did not read and annotate within Mendeley – some, for example, that I could only read online and not download – and I failed to make sufficient notes on this, confusing myself when I searched for the articles again later and had to dig deep to find even the author and title of the article. The second reason my method was inadequate was the increased complexity of the study. In earlier modules I read far fewer articles on the same topic, and thus had far less data to process at any given time, as well as a better recollection of each article after reading. There were fewer categories to analyse, and they were more clearly defined. The number of articles, combined with the limited time I had available, meant that I could not re-read all articles as I did in previous studies, and I needed better notes to rely on as a substitute for a second reading. 

Given my lack of adequate notes, I wasted time trying to identify articles I had read, reminding myself of their main methods and findings, and searching through extensive lists of poorly organised data. Pausing to evaluate my progress earlier on would have saved me time in the long run.    

The problems I encountered with searches came from the database that I used. In previous modules I used Google Scholar as a starting point, but it was suggested that I start with the UWTSD library this time. I did this, successfully using filters to narrow down my results, but I later found that there were relevant studies within the library that had not been included within these results, despite being extremely relevant to the keywords and filters that I had used. Clearly, the recording of keywords was inadequate for my purposes, and I will know not to rely on these filters in future. 

3) Abstract conceptualisation
Based on my reflection in step 2, and further research into literature review methodology, I formulated processes that I can use in step 4, listed below.  

4) Active experimentation
When I embark on future research projects, there are a number of steps I can take to improve the process:
i) Search engine: in future I will return to Google Scholar as an effective method for gathering the first round of articles.
ii) Search terms: I will also improve searches by using a more reliable way of choosing search terms. As recommended by Creswell (2014), I will locate an article relevant to my topic, look at the terms used to describe it and use these terms within my preliminary searches. 
iii) Article storage: I will store all articles in Mendeley, except for those I am unable to download. I will also keep a summary sheet within my data spreadsheet where I record full details of all the articles that appear on subsequent tabs. Not only will this make it easier to identify articles stored on Mendeley, but it will give me a record of any that I have been unable to store. 
iv) Note-taking: the exact procedure will need to be dictated by the individual study, but I will take notes in a way that ensures I have more details stored in an easily accessible format. As advised by Denscombe (2003) and Torraco (2005), I will start categorising data and conceptually structuring the topic early on. This will make data analysis far easier, since I will no longer be overwhelmed by a mass of disordered quotations, and it will enable me to focus further reading because I will have a much better idea of the direction of my study and the gaps that need filling. These categories will, of course, need to be reviewed and updated throughout the process. Just as my overarching methodology was inspired by the model of literature review as a hermeneutic cycle (Boell & Cecez-Kecmanovic, 2010), I will see the process of categorisation as a cycle of deepening understanding rather than the imposition of a fixed structure. For any further research involving quantitative studies, I will record certain information right from the start. This information will depend on the studies in question, but might include sample size, participant age range, participants’ genders, participants’ musical experience, measurements taken, key findings, and any potential flaws or queries that arise on first reading.   
Overall, the key lesson I have learned is that I need to invest time early on and work methodically from the start, even when I am deliberately taking an open-ended approach; indeed, an open-ended approach makes it more important than ever to think thoroughly and critically at each stage of the process. 
I have also identified a number of areas in which further research would be helpful. Since my search for literature was non-exhaustive, I would need to carry out further reviews to ascertain whether there is more relevant literature available. 
1) The development of pitching skills in adolescents. There is plenty of research on singing accuracy in young children and in young adults, but very little research on the period in between (Demorest & Clements, 2007; Pfordresher & Demorest, 2021). Many of my students fall into this age range, and it would be useful to know how pitching skills develop during this period. 
2) Impact of accompanying timbre on singing accuracy. My research included several studies examining the impact of timbre on pitch perception and pitch-matching accuracy (Granot et al, 2013; Hutchins and Peretz, 2012; Pfordresher and Brown, 2007; Watts, Moore and McCaghren, 2005). The fact that a significant effect was identified suggests that the timbre of any accompaniment could have an impact on accuracy. I use both live piano accompaniment and recorded instrumental/electronic tracks, so it would be useful to know whether there are differences in impact based on instrumentation. 
3) Visual feedback. Two studies concluded that visual feedback enhanced singing accuracy (Welch, Howard and Rush, 1989; Wilson et al, 2008), but these studies were both at least fifteen years old. There has been significant technological advance in the intervening years, and I would be interested to know what tools are currently available and whether there is evidence that they work.
4) Transferability and longevity of interventions. I identified a number of interventions that can lead to improved accuracy, but my searches did not uncover any studies investigating the impact these have on the original task. For example, two studies found that singing at a slower tempo improves accuracy (Dalla Bella and Berkowska, 2009; Mürbe et al, 2002), but they did not investigate the impact that slow practice has on accuracy when returning to a faster tempo.  


Assignment
A survey of music educators ranked intonation as the single most significant factor pertaining to singing talent (Watts et al, 2003). Whilst a small minority of the population suffers from congenital amusia and may always struggle to sing in tune, for the majority of the population it is an achievable goal (Cuddy et al, 2005; Berkowska and Dalla Bella, 2009a; Hyde and Peretz, 2009). This study explores the problems that cause people to sing out of tune beyond childhood, and identifies methods for improvement. It explores the very nature of tuning problems, together with the evidence for attributing them to each of four key areas – perception, motor control, sensorimotor mapping, and memory – and the resulting implications for pedagogy. 
How do we produce pitched sounds?
Singing is a complex activity, using the auditory, respiratory, phonatory, resonatory, and articulatory systems, and requiring an understanding of musical, aesthetic, and cultural information (Estis et al, 2011; Wilson et al, 2008). In order to sing a tune, a singer must perceive the pitches, either from an example to be imitated or from memory, determine the required configuration of the vocal apparatus in order to produce each pitch, then implement the required configurations (Thompson and Mantell, 2024; Estis et al, 2011; Hutchins, Larrouy-Maestri and Peretz, 2014). In addition, auditory feedback must also be processed and communicated with vocal motor control, so that any mismatch between intended and actual pitches can be corrected (Zarate et al, 2010). Singers must, then, be able to hear, differentiate, store and reproduce pitches (Estis et al, 2011), leading to the following corresponding causes of poor intonation (Hutchins and Peretz, 2012): 
1) perceptual deficit; 
2) lack of motor control; 
3) sensorimotor mis-mapping; or
4) memory deficit.
What is “singing in tune”?  
Before investigating these four causes of poor intonation, it is important to understand what is meant by singing “in tune”. Pitch is a subjective quality that is experienced by the listener and cannot be measured physically (Watts, Moore and McCaghren, 2005; Vurma and Ross, 2006). It does, however, correlate strongly with fundamental frequency, the average rate of vibration produced by the vocal folds (Nikjeh, Lister and Frisch, 2009; Vurma and Ross, 2006). Within western classical music alone, there are a number of different tuning systems based on fundamental frequency, most notably Pythagorean tuning, just tuning, and equal temperament (Sundberg, 2019). Equal temperament is a compromise which is generally used to tune keyboard instruments and thus often used as a reference point in music practice, and in performances involving keyboard instruments, but it is not the natural tuning system for an unaccompanied singer (Vurma and Ross, 2006; Larrouy-Maestri, 2018). Tuning systems can be extremely complex, as in the case of Western Operatic singing, where pitch has been shown to be affected by energy distribution, vibrato rate, vibrato extent, tempo, and pitch height (Larrouy-Maestri et al, 2023). Within these complex tuning systems, however, there seems to be broad agreement between listeners, showing that despite systemic complexities, musical enculturation means that listeners share a common view of what is “correct” (Larrouy-Maestri, 2023). If there is such a “correct” answer to tuning, how do we know which tuning system to use when teaching? Larrouy-Maestri et al (2013) used equal temperament tuning when comparing acoustical analyses of pitch accuracy with subjective assessments by experts, and they found that the acoustical analyses explained 81% of the expert assessments. This provides evidence that acoustical analyses based on equal temperament tuning provide a fair assessment of what we instinctively recognise as singing “in tune”. 
Ultimately, it seems that the question of tuning system is superfluous for the purposes of this study, since the systems differ by 18 cents at most (Sundberg, 2019), but studies have shown that melodic intervals can diverge from equal temperament tuning by 20-25 cents before they are judged to be out of tune by expert listeners (Vurma and Ross, 2006). Listeners without expertise may not judge notes to be out of tune until they differ by 50 cents (Hutchins, Larrouy-Maestri and Peretz, 2014). It seems that these same margins of error do not apply to instruments or synthesized sounds, a phenomenon known as the vocal generosity effect (Hutchins, Larrouy-Maestri and Peretz, 2014). Hutchins and Peretz (2012) calculated pitch discrimination thresholds in non-musicians with both vocal and synthesized stimuli, and found that thresholds for vocal stimuli were at least 50% higher. Even professional opera singers are less precise with their tuning than violinists, but it is not known whether this is because of the enculturation of imperfect modelling or for some other reason (Belyk, Johnson and Kotz, 2018). Whatever the reason, it seems that there is no cause to worry about tuning imprecision up to the level of 20-25 cents. 
It is worth noting here that many studies into pitching focus on poor-pitch singers, and may address pitch-matching to the nearest semitone rather than intonation. I am still using these studies because they offer useful insights into the process of vocal imitation, and pitch-matching and fine tuning are part of the same spectrum, but limitations to relevance always need to be considered. Similarly, many studies focus on non-musicians, but these offer insight into the development that my beginner singers will be experiencing. 
Is pitch-matching a relevant measure of intonation?
Most studies into pitching ability use tests that involve matching a single pitch, or a pattern comprising a small number of pitches (Hutchins, Larrouy-Maestri and Peretz, 2014). Many of these studies seem pertinent to my own investigation, but before using them I need to determine whether they are relevant to the skill in question: singing in tune within the context of a melody. 
Studies into young children suggest that pitch-matching skills may improve without a correlating improvement in melodic intonation (Demorest, Nichols and Pfordresher, 2018; Guerrini, 2006). It seems, however, that this is due to the distinct phases in children’s vocal development, and that an improvement in pitch-matching may precede an improvement in melodic intonation. In adults, there are several studies showing a correlation between pitch-matching and melodic intonation. Hutchins, Larrouy-Maestri and Peretz (2014) found a correlation between pitch-matching ability and melodic singing ability, with the correlation founded on mean interval error rather than tonal drift, making the result particularly relevant for imprecision in accompanied singers. They noted, however, that the correlation is not one-to-one, and that much of the variance in melodic singing ability is not explained by pitch-matching ability. 
Pfordresher and Brown (2007) found a significant correlation between mean interval error when imitating a four-note sequence and error when performing “Happy Birthday” from memory. 
Pfordresher and Demorest (2021) also found a significant correlation between melodic accuracy and accuracy in imitating single pitches or short sequences. This study is useful in that it used a very large sample (N=632), but it has significant limitations in relevance. Accuracy was not measured using mean interval error; instead, melodic accuracy was assessed by reviewers against a singing accuracy scale, and pitch-matching ability was measured by calculating the percentage of correct matches. Any deviation of less than one semitone was judged as correct, meaning that the test only measured a participant’s ability to match pitch to the nearest note, rather than their ability to sing it within the range considered “in tune” by an average listener. 
Watts, Moore and McCaghren (2005) grouped untrained singers into “accurate” and “inaccurate” singers based on expert assessment, and found that the “accurate” group had a lower mean interval error in pitch-matching than the “inaccurate” group. This offers a fairly low level of assurance, since the division into two groups based on accuracy is fairly crude, and the data are taken from a small sample (N=21). 
Overall, there are significant limitations to the evidence for a link between single pitch-matching and melodic accuracy, and it is likely that there are many other factors influencing melodic accuracy rather than pitch-matching ability alone. There appears to be enough of a correlation, however, to judge that the fundamental causes of poor intonation in pitch-matching are, at the very least, a subset of the causes of poor melodic intonation.  
Determining the cause of the error
1) Perceptual deficit:
This is the most commonly investigated cause of poor vocal intonation, and suggests that pitch discrimination abilities limit a singer’s ability to produce pitches accurately. Many studies have found a link between pitch discrimination and pitch production (e.g. Estis et al, 2011; Pfordresher and Demorest, 2021; Watts, Moore and McCaghren, 2005) but others have found no link (e.g. Hutchins, Larrouy-Maestri and Peretz, 2014; Pfordresher and Brown, 2007; and see Dalla Bella & Berkowska, 2009). It is difficult to compare these studies because there are so many varying factors to take into account. These include age and gender of participants; musical and vocal experience of participants; methods for measuring pitch discrimination and production; timbre of stimuli, and methods for analysing data, especially any groupings that are used for participants. I considered ten studies as a sample of the evidence available, and compared their methods and conclusions (see Appendix 1). It is immediately striking on looking at the table that only one study (Pfordresher and Brown, 2007) found no correlation at all between accuracy in pitch discrimination and pitch production. This study used a relatively small sample – only 40 participants undertook both pitch discrimination and pitch production tests, with only 6 classed as poor-pitch singers – and used a fairly crude method for testing pitch discrimination. Participants judged whether pairs of tones were the same or different, gaining a percentage score for accuracy. The differences between tones were 25 cents, 50 cents, 100 cents and 200 cents, and accuracy scores ranged from 75 to 100%, giving little assurance that the full range of abilities was fully explored and assessed. A better method involves establishing pitch discrimination thresholds, as in Hutchins and Peretz (2012), Nikjeh, Lister and Frisch (2009), and Pfordresher and Demorest (2021). Since all other studies in my sample suggest at least some link between pitch discrimination and pitch production, I conclude that some relationship does exist. This seems intuitively correct, since it is hard to imagine how a singer could produce notes accurately without being able to discriminate one from another aurally, although it is worth noting that there are rare examples of this (Dalla Bella and Berkowska, 2009). Having established that a link does exist, I now consider the nature of the relationship. There is compelling evidence that poor-pitch singing is not wholly caused by a perceptual deficit. Firstly, the pitching errors made by singers are consistently larger than those same singers’ pitch discrimination thresholds, so a perceptual deficit cannot explain the full pitching error. For example, Hutchins and Peretz (2012) found that even non-musicians all matched pitches to within half a semitone on the slider (a specially designed instrument for participants to match pitches with a finger) but were out by more than a semitone on average when matching pitches vocally. Secondly, Vurma and Ross (2006) showed that professional singers could evaluate their own intonation as accurately as their peers after listening to a recording, but gave seemingly random responses when asked to evaluate intonation just after the performance. In other words, they are perfectly capable of hearing their own intonation errors, but are unable to judge them accurately at the time of singing. Thirdly, Zarate et al (2010) showed that a group of non-musicians receiving pitch discrimination training were able to improve their pitch discrimination without a corresponding improvement in pitch production. This study has its limitations: the authors say that they cannot conclude that enhanced pitch discrimination results in improved vocal accuracy, but this may be due to insufficient evidence. It could be that the sample size was too small, with only ten singers in each of the trial and control groups, although the inclusion of a control group provides significant assurance. Or it could be that an improvement in vocal accuracy takes longer to manifest than an improvement in pitch discrimination. It seems likely, however, that any time delay in improvement would be due to a factor distinct from perceptual ability, and taken with the other evidence, I consider this strong enough to rule out a purely perceptual cause for poor intonation. 

Having concluded that pitch discrimination skills are linked to, but do not wholly determine, pitch-matching ability, I have looked to the studies to see if any further details of the relationship can be deduced. Hutchins and Peretz (2012) found a link between pitch discrimination and pitch-matching ability only in non-musicians, and not in musicians. This could be because pitch discrimination is poorer in non-musicians, and is thus a limiting factor for pitch-matching. Once musical training is received, pitch discrimination improves until it no longer limits pitch-matching. At this point, other limiting factors come into play, and there is no longer a correlation between the two. This hypothesis appears valid given the evidence that training can indeed lead to improvements in pitch perception (Zarate et al, 2010), although there is no evidence that the training received by an average amateur musician would be sufficient to yield such results. This result is also not supported by other studies: Pfordresher and Brown (2007) found no link between pitch discrimination and pitch-matching in a study of non-musicians, and Zarate et al (2010) found that training-enhanced pitch discrimination did not lead to improved pitch-matching in non-musicians. Also, Nikjeh, Lister and Frisch (2009) found that pitch discrimination and pitch-matching ability were linked in instrumentalists, but not in non-musicians or vocalists. The vocalists were most accurate and consistent in pitch-matching, so it may be that their specifically vocal training improved accuracy to the extent that perceptual differences were negligible; this is not supported, however, by the finding of a correlation between pitch discrimination and pitch-matching in those vocalists who were also instrumentalists. Without further research, it is impossible to ascertain the meaning of these results or the reason for conflicting findings between studies. There are many methodological differences, and it is not possible to determine which would have caused the discrepancies. For example, Hutchins and Peretz (2012) and Nikjeh, Lister and Frisch (2009) appear to have used similar samples: young adults, with musicians reporting similar levels of experience between the two studies, and non-musicians reporting <1 year’s formal musical training. But whereas Hutchins and Peretz (2012) disclose that they took musical training to mean individual music lessons, and that their non-musicians had on average 0.4 years of group singing experience, we know very little about the non-musicians studied by Nikjeh, Lister and Frisch (2009): no precise definition of musical training is given, and there is no measure of informal music experience. This could mean that the non-musicians studied by Nikjeh, Lister and Frisch (2009) have less experience than those studied by Hutchins and Peretz (2012), if, for example, group sessions were classified as musical training in the former but not the latter. Conversely, non-musicians in the former could have had far more than 0.4 years’ group singing experience. There are also differences in gender between the studies – Nikjeh, Lister and Frisch (2009) studied only female participants, whereas Hutchins and Peretz (2012) studied male and female – and differences in method, with Hutchins and Peretz (2012) testing pitch discrimination using their specially developed slider instrument and providing all stimuli in simulated vocal tones, while Nikjeh, Lister and Frisch (2009) calculated pitch discrimination thresholds using same/different judgments, and provided synthesized piano tones for all tests. 

This inconsistency in methods raises the question of whether timbre has an impact on pitch discrimination. There is significant evidence that it does: Hutchins and Peretz (2012) showed that non-musicians were better at matching their own voice than a simulated vocal tone; Granot et al (2013) showed that even singers who would be considered out of tune when responding to a piano stimulus could match the pitch of a vocal stimulus to within 50 cents; and Watts, Moore and McCaghren (2005) found that pitch discrimination in non-musicians was considerably less accurate when judging a piano stimulus against a trumpet stimulus, and that timbral differences had more of an impact on non-musicians who had been judged to sing inaccurately, compared with those who were judged to sing accurately. This correlation does not prove that poor timbral perception causes poor pitching, and that poor pitching could be improved by training in timbral perception, but it is a possibility worth exploring in future research. Based on the existing research, it seems likely that some singers will struggle to sing in tune with an accompaniment of a different timbre, such as a piano or an instrumental/electronic backing track. These singers would likely be helped by matching a vocal model during the initial learning phase of a song, and only transferring to instrumental accompaniment once the motor learning is embedded, ideally with training in timbral perception alongside. Since instrumental and electronic accompaniments are commonly used in singing lessons and vocal performances, making this pedagogical adjustment could have an enormous impact.   

Timbre aside, the inconsistency of findings within these studies is most likely to have been caused by the groupings used, especially within the context of small sample sizes. Demorest and Clements (2007) made an interesting finding by splitting participants into three groups rather than the usual two: uncertain, inconsistent, and certain. Broadly speaking, “uncertain” participants were inaccurate at both discrimination and pitch-matching, while “certain” participants were accurate at both. “Inconsistent” participants performed like “certain” participants in discrimination tasks, but like “uncertain” participants in pitch-matching. In other words, there was a correlation between perception and production for most participants, but some participants (12 out of 60) had good pitch discrimination but poor pitch-matching abilities. Although there is no direct evidence that the “inconsistent” singers were progressing towards improved pitch-matching abilities, this hypothesis is consistent with the theory that perception develops before production (Demorest, Nichols & Pfordresher, 2018; Guerrini, 2006).    

In conclusion, it is impossible to determine the exact relationship between pitch discrimination and pitch-matching ability based on the studies I have accessed, but there is compelling evidence that some poor pitching is caused by a perceptual deficit, including a deficit in perceiving across timbres, and some is caused by other factors. Perception is likely to improve before production, so in practical terms, it is always worth first assessing pitch perception to determine whether it is a cause of poor intonation, before considering other factors as well.      

2) Motor control:
If poor-pitch singing is not wholly caused by a perceptual deficit, it may be that singers lack the vocal motor control needed to produce the intended pitch (Hutchins and Peretz, 2012). Pfordresher and Brown (2007) argue that a vocal control deficiency would lead to notes being pitched in a random manner, and might involve difficulties producing changes in pitch, either in pitch-matching or in vocal “sweeps”, with large intervals harder to produce than small intervals. They judged that their data did not support the view that poor motor control causes poor-pitch singing, for two reasons: first, poor-pitch singers were found to make consistent rather than random pitch errors; and second, poor-pitch singers showed similar ranges in vocal “sweeps” to accurate singers, thus showing comparable laryngeal flexibility. This latter argument seems erroneous to me; it is perfectly possible to have a wide range of movement without precise control over the movement, and vocal “sweeps” only measure range, not control. The former argument is more convincing, but is contradicted by the findings of Hutchins and Peretz (2012), whose poor-pitch singers did not in fact make consistent errors. Moreover, Hutchins and Peretz (2012) argue that the data collected by Pfordresher and Brown (2007) does in fact show higher variability in poor-pitch singers, thus supporting a motor-control hypothesis. Further evidence in support of such a hypothesis is provided by Belyk, Johnson and Kotz (2018), who found that participants could whistle considerably more precisely than they could sing. They argue that laryngeal control may be evolutionarily less developed than articulatory control, as demonstrated by the high articulatory abilities and low laryngeal potential in great apes and monkeys. In light of all this evidence, together with my own experience of singers pitching randomly rather than consistently, I conclude that poor motor control is a contributory factor to poor-pitch singing. 

3) Sensorimotor mis-mapping:
Pfordresher and Brown (2007) propose a sensorimotor explanation for poor-pitch singing, calling it an “imitative deficit”. Singers may be able to discriminate pitches perceptually, and may have adequate vocal motor control to produce pitches accurately, but stored pitches are incorrectly mapped onto motor actions. Pfordresher and Brown judged participants to be poor-pitch singers if they were on average out by more than a semitone, and found that poor-pitch singers consistently transposed pitches in one direction. This led them to conclude that a sensorimotor explanation for poor-pitch singing is likely correct. There are two significant problems with this conclusion. One is that singing which is consistently out of tune in the same direction may be caused by a technical problem, which would be classified as a motor deficiency rather than a mis-mapping. For example, Powell (1991) suggests that airflow often causes tuning problems, with inadequate airflow leading to flat singing, and excessive airflow leading to sharp singing. In support of this claim, Gawlik and Wszolek (2019) found that non-singers and untrained singers tended to increase pitch as they increased volume, whereas trained singers had learned to keep the pitch steady regardless of volume. The second problem with the sensorimotor account is that most data is inconsistent with the claim. There are two possible components of poor-pitch singing: accuracy, which measures the distance from a target, and precision, which measures the consistency of pitches produced. The sensorimotor account proposed by Pfordresher and Brown (2007) would require poor-pitch singers to be inaccurate but precise. In fact, Pfordresher et al (2010) showed that far more singers are imprecise than inaccurate, and only 1 participant out of 45 was considered inaccurate but precise. The problem with Pfordresher and Brown’s (2007) data is likely that they only had 10 poor-pitch singers in their sample of 79, and did not explicitly measure precision. Since their 4-note stimuli used a total range of a fifth, those 10 singers may have exhibited extreme imprecision, all within a range that was exclusively above or below the relevant fifth. Hutchins and Peretz (2012) corroborate the findings of Pfordresher et al (2010), with poor-pitch singers failing to map pitches consistently. Overall, the evidence suggests that sensorimotor mis-mapping is a possible cause of poor intonation, but an uncommon one.         

4) Memory deficit:
Estis et al (2011) and Moore, Keaton and Watts (2007) found that pitch-patching performance suffered when there was interference between the target pitch and the vocal response, suggesting a role for memory in pitch-matching. Similarly, Estis, Coblentz and Moore (2009) found that pitch-matching got worse, the longer the time delay between target and response. These studies do not, however, provide direct evidence for a memory-related explanation for poor-pitch singing, particularly in the situation most relevant to my study, singers performing with an accompaniment. Pfordresher and Brown (2007) ruled out such an explanation for poor-pitch singing on the basis that it would suggest better pitching on simple tasks and with augmented feedback, whereas poor-pitch singers actually performed worse under both of these conditions. It is worth noting, however, that good singers did perform less accurately as complexity increased, and this effect could be counterbalanced by augmented feedback. Since I am primarily interested in what would generally be classed as poor intonation rather than poor pitching, that is, errors that are discernible but usually less than 100 cents, the singers relevant to my study did in fact show the attributes relevant to a memory-based explanation. It is also worth noting that Estis et al (2011) found that trained singers were able to maintain strong pitch-matching despite interference, as well as matching pitches more accurately overall, which suggests that singers with good intonation may have a better memory for pitch. I conclude that memory is still worth considering as a cause of poor-pitch singing.    
Practical implications
There is evidence that poor intonation may be caused by poor perception, poor motor control, faulty sensorimotor mapping, and/or poor memory, which supports Belyk, Johnson and Kotz’s (2018) suggestion that error in imitating pitch is caused by the accumulation of errors at each stage of processing. The question is: how can these errors be minimised? 
There is plenty of evidence of a correlation between musical training and an increase in the skills that are needed for good intonation (Hutchins and Peretz, 2012; Estis et al, 2011; Pfordresher and Demorest, 2021; Nikjeh, Lister and Frisch, 2009) but this does not imply causation; it may be that people with these skills are more likely to opt for musical training. There is, however, more robust evidence that training improves skills in a few limited situations: for example, pitch discrimination can be improved by training, albeit without necessarily improving pitching accuracy (Zarate et al, 2010); breath-control training has been shown to improve pitch accuracy in children (Phillips, 1985); daily singing instruction from a music specialist has been shown to yield greater improvements in pitch-matching for 5-6 year olds compared with a control group receiving no curricular music, albeit with no improvement in melodic accuracy (Demorest, Nichols and Pfordresher, 2018); and visual feedback can improve pitch-matching in 7-year-olds (Welch, Howard and Rush, 1989). All of these studies were randomized controlled trials, which gives a level of assurance to the findings, but all except one (Zarate et al, 2010) were with children, and a longitudinal study would be needed to show whether improvements gained in childhood lead to enhanced skills in the long term, or simply an earlier progression. A study by Demorest and Pfordresher (2015) suggests that singing skills may in fact develop with use and deteriorate if neglected; they tested singing accuracy in groups of three different ages – kindergarten, middle school, and university – and found that middle school students were markedly more accurate than kindergarten children, but that university students were more similar to the kindergarten children, presumably having lost their heightened abilities after a reduction in group singing at school. Without further evidence, however, it is difficult to draw firm conclusions.   
Assuming that training can in fact improve intonation, the question now is: what type of training is most useful? The first point to note is that any training will need to be individually tailored to the individual. Having seen that poor tuning can arise from errors at different stages of the process, it is important to assess which of these stages is most likely to be causing the problem, and then address the specific area(s) of concern. Second, Vurma and Ross (2006) observed, after finding that singers were unable to judge their own intonation correctly unless listening to a recording, that singers are under considerable cognitive and motor load and this may explain why they are unable to form accurate assessments of intonation at the time. This is consistent with my own experience of both singing and teaching: often there is no deficit in perception or any of the motor requirements individually, but taken together they require too much attention to leave room for constant assessment of intonation. It seems sensible, then, to reduce the cognitive and motor load when training, and to aim for effective automation of the process. There are various ways of achieving this reduced motor load that have already been shown to improve intonation: a slow tempo (Dalla Bella and Berkowska, 2009; Mürbe et al, 2002), singing legato (Mürbe et al, 2002), practising without lyrics (Berkowska and Dalla Bella, 2009b), modelling vocally rather than instrumentally (Hutchins and Peretz, 2012), increasing the familiarity of the song (Thompson and Mantell, 2024), ensuring sufficient tonal context (Nichols, Hua and Wang, 2023), using visual feedback (Welch, Howard and Rush, 1989; Wilson et al, 2008), and choosing repertoire with an appropriate range and level of intervallic difficulty – larger intervals and dissonant intervals are more likely to cause problems (Vurma and Ross, 2006; Wolf, 2005).  It is also important not to neglect technical considerations that may affect tuning, such as breath control (Phillips, 1985; Powell, 1991) and vowels - /a/ tends to be associated with lower fundamental frequency and narrower intervals than /i/, for example (Vurma and Ross, 2006). Taken together, all these interventions provide a useful toolkit for working with vocal students to improve intonation on an individual basis. As an overall strategy, I recommend ruling out causes that can easily be tested – perception and sensorimotor mis-mapping – then trying out the interventions listed above to discover which are effective in each individual case (see Appendix 2). In this way, it should be possible to address intonation problems in an informed and strategic manner, in spite of the research limitations in this area. 
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[bookmark: _Hlk168003243]Appendix 1: comparison of studies investigating the link between pitch discrimination and pitch production
	Authors
	Year
	Sample size
	Participants’ age/gender
	Participants’ musical experience
	Perception measurements
	Production measurements
	Results

	Demorest & Clements  
	2007
	60
	11-15, male
	School singing
	Match pitch with a slider, increments of one semitone
	Male model. Single pitches, with and without tonal context. Percentage correct to within 50 cents.
	Grouped in certain, inconsistent, and uncertain singers. Correlation between perception and production for certain and uncertain singers

	Estis et al
	2011
	40
	19-32, mixed
	Half >3yrs vocal training; half untrained
	Pairs of complex tones judged as the same or different. Minimum difference 50 cents. Percentage correct. 
	Piano stimuli. Average error calculated in semitones. 
	Direct correlation overall. Of 10 inaccurate singers, 2 had good perception. 

	Hutchins & Peretz (experiment 1)
	2012
	25
	18-30, mixed
	Musicians (>7yrs) & non-musicians
	Quasi-continuous slider with simulated vocal tone. Repeated stimulus and attempts allowed. Considered correct within 50 cents, but average error also calculated. 
	Simulated vocal tone. Repeated stimulus and attempts allowed. Considered correct within 50 cents, but average error also calculated.
	Correlation only in non-musicians. Larger error in vocal matching, and larger difference between musicians and non-musicians in vocal matching. 

	Hutchins & Peretz (experiment 2)
	2012
	31
	19-30, mixed
	Non-musicians
	As above, plus discrimination tests with same/different and higher/lower. Pitch discrimination threshold calculated.
	As above, the same experiment using recordings of participants’ own voice as stimulus. 
	Participants better at matching their own voices, but still best with slider. Correlation between pitch discrimination threshold and self-matching but not matching the simulated voice

	Hutchins & Peretz (experiment 5)
	2012
	43
	18-30, mixed
	Musicians (>6yrs) & non-musicians
	Pairs of tones, either synthesized or real voice, judged as the same, out of tune, or different. Pitch discrimination threshold calculated using increments of 10 cents.
	N/A
	Higher discrimination threshold with real voice rather than synthesized vocal tones. 

	Hutchins, Larrouy-Maestri & Peretz
	2014
	22
	18-30, mixed
	Non-musicians
	Quasi-continuous slider with recordings of participants’ own voice. Repeated stimulus and attempts allowed. Average error calculated.
	Stimuli using participants’ own voice. Average error calculated. Melodic singing also assessed. 
	No significant correlation between slider responses and pitch-matching, or slider and melodic singing.

	Moore, Keaton & Watts
	2007
	30
	20-30, female
	Non-musicians
	Pairs of complex tones judged as same/different. 75 cent difference. Also, the same test but with musical interference at 50 or 100 cent difference between stimulus and response. 
	Stimuli from Roland creative keyboard. Average error calculated. 
	Moderate correlation between perception and production when no interference (shared variance 44%). No significant correlation when interference added.

	Nikjeh, Lister & Frisch
	2009
	61
	18-34, female
	Instrumentalists, vocalists & non-musicians
	Synthesized piano stimuli. Discrimination threshold calculated using adaptive 3-interval 3-alternative forced-choice paradigm.
	Synthesized piano stimuli, including notes a quarter-tone apart. Average error calculated. 
	Correlation between perception and production only for instrumentalists, and those vocalists who also played an instrument. Production poorer than perception for non-musicians, but comparable for musicians.

	Pfordresher & Brown
	2007
	79 (40)
	University age, mixed
	Non-musicians
	Pairs of sine tones judged as same/different. Differences of 25, 50, 100 & 200 cents. Calculated percentage correct for each interval. 
Only completed for 40 participants.
	Male vocal model, converted to female for some female participants. 4-note stimuli using notes of a C major triad. Tested under normal/augmented/masked conditions.
	No correlation between perception and production. 

	Pfordresher & Demorest
	2021
	632
	6-99, mixed
	Varied
	Discrimination threshold calculated using same/different judgement with pure tones.
	Single-note vocal & piano stimuli, plus 4-note vocal stimuli. Percentage correct to within 50 cents.
	Small-moderate correlation between perception and production.

	Watts, Moore & McCaghren
	2005
	21
	19-35, female
	Non-musicians
	Synthesized piano and trumpet tones on pitches D & G. Pairs using any combination of pitch/timbre judged as same/different. Calculated percentage correct under different combinations.
	Synthesized piano tones. Average error calculated. 
	Correlation between perception and production (0.42). 

	Zarate et al
	2010
	20
	17-27, both
	Non-musicians
	Pairs of micromelodies judged as same/different. Calculated percentage correct. Trial group received discrimination training over 2-week period. Trial and control groups re-tested. 
	Pure and vocal tone stimuli. Single notes and 5-note melodies, with 50c/100c differences.
	Training improved perception, but no evidence that production also improved.




Appendix 2: a strategy for addressing intonation problems
Try any/all of the following: 
· Use easier repertoire
· Learn songs using vocal modelling exclusively
· Develop greater song familiarity (e.g. through listening practice or smaller repertoire choice)
· Practise problem sections slow and legato
· Practise without lyrics
· Provide more tonal context
· Develop better understanding of tonal context
· Use visual feedback technology
· Work on pitch memory
· Work on breathing technique
· Assess impact of vowels on tuning and modify where needed

Are intonation errors consistent?
Y			N
This suggests a sensorimotor mis-mapping. Work with the singer to build a new map. 
Can the singer match single pitches?
Y				N
Does the singer have adequate pitch perception? 
Y		N
Offer pitch perception training, before or alongside other interventions.

