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ASSESSMENT 1 - PORTFOLIO 
 
INTRODUCTION 
 

Although Cooksey (1977) formulated an approach to choral adjudication over 50 years ago, a 

standardised method remains notably absent in contemporary competitive settings (Hensley, 

2021). Hensley did indicate that one of the most important aspects adjudicators listen for is 

intonation. In this study, I am proposing that the use of formant tuning could be helpful in achieving 

this objective. As the choral director of an amateur choir founded in 2021 with a focus on 

competitive singing, I am actively seeking strategies to improve the choir’s performance 

capabilities. Prior to embarking on the MA course, I harboured a belief, based on experience, that 

vowels played a pivotal role in achieving excellence in choral work, especially in the realm of 

intonation, 

 

I was further compelled to research this area after reading ‘Vowel and Consonant Modification for 

Choirs’ (Nix, 2010). Vowel modification, which is also referred to as formant tuning, is a technique 

for aligning formants with harmonics to boost acoustic output (Sundberg, 1987, p. 126). This will 

be more fully explained below in the literature review. I was particularly struck by Nix’s discussion 

of the potential use of vowel modification for the sopranos in the loud and high-pitched recurring 

main theme of ‘Dies Irae’ from Verdi’s Requiem – a work I had sung at the First Night of the BBC 

Proms in 2022. Despite the prominence of this concert and the number and precise nature of 

rehearsals, a shading of the /e/ vowel to a blended /ɛ/ and /æ/ and further alterations as the line 

descends was not a concept that was discussed (Nix, 2010, p. 20). I had gained a foundational 

understanding of harmonics and formants during my time on the MA course and I recognise, from 

that and from experience, that singing as a choral soprano, particularly above the stave, often 

presents challenges with regards to clear diction. As singers reach G5, the pitch has surpassed 

the first formant of all vowels except /a/. Consequently, regardless of the intended vowel, the 

resulting sound is most likely to be perceived as an /a/, even without deliberate modification 

(McCoy, 2011, p. 299). Whilst performing Beethoven’s Ninth Symphony at the Royal Festival Hall 

and again at the Royal Albert Hall in 2022, considerable effort was invested in refining German 

diction, but some additional understanding in terms of first formants by all would have been 

invaluable given the high-pitched nature of this piece. McCoy suggests modifying the text “die 

ganza Welt” to “Da ganza Walt” arguing that singers risk vocal injury if they attempt to preserve 

the original vowel sounds and the audience do not benefit more (McCoy, 2011, p. 299).   
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I believe that formant tuning has an important role to play in choral music and in this project, I 

would specifically like to address the use of this technique to enhance intonation in a homophonic 

choral chord. For every note in the chord, there are a series of harmonics. If this technique is able 

to accentuate or de-emphasise certain harmonics, there is the potential opportunity for fine tuning 

a chord. McCoy provides anecdotal evidence of this strategy working where he modified the vowel 

for the basses in order to avoid dissonance with the upper voices (2013, p. 48), and Nix provides 

a method for tuning a D major chord on an /e/ vowel (2010, p. e468) which will be fully discussed 

below. 

 

Miller and Schutte stated in 1990 that “conscious application of formant tuning to the practice of 

training singers has been slow in developing” (p. 232) and although this was 33 years ago this 

appears to still be true of its use chorally. In my four decades of choral singing within the UK, I 

have never encountered discussions on formant tuning within a choral context. This omission 

might stem from factors such as limited awareness among choral directors, time constraints or 

apprehensions about poor diction, but I have no evidence of that. Nonetheless, I speculate that 

certain choirs might be harnessing these techniques, giving them a competitive advantage over 

other choirs, which might explain the reluctance to discuss them openly.  

 

I am motivated to understand these concepts and introduce them more widely to choirs. I 

recognise that my knowledge of formant tuning is limited. In this assignment, I intend to critically 

analyse existing research on intonation, formant tuning and its application within a choral setting 

to improve my understanding and refine my choral leadership. I intend to develop a reference 

guide for use by choirs that incorporates essential elements needed to guide choral directors and 

singers in the implementation of this strategy. In addition, I aim to identify areas that require further 

research. 

 
PLANNED PROGRAMME OF STUDY 
 

Aim 
I aim to develop a pedagogical resource to support the implementation of formant tuning in choirs 

specifically with reference to enhancing intonation in homophonic chords. 

 

Objectives 
I intend to examine the available data and produce a narrative literature review to: 
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a) Define harmonics, formants, vowel formants and formant tuning. 

b) Define intonation as relevant to choirs. 

c) Investigate the use of formant tuning and its potential impact on intonation within a choral 

setting. 

d) Identify methods to incorporate the use of formant tuning. 

e) Produce a reference guide for use by choral directors and singers. 

f) Understand deficiencies within the current body of research and the possibilities for further 

research. 

 

Expected Learning Outcomes 
I anticipate that by the end of this module, I will have a deeper understanding of the potential use 

of formant tuning within my own choir and a practical strategy for adopting this method to enhance 

intonation. In addition, I believe that I will have identified research ideas for Module 6. 

 

Timescale 

 
Figure 1, Assignment timescale 

Contextualisation of Study 
 
This study was guided by the social constructivism paradigm, which acknowledges the existence 

of multiple realities (ontology), considers knowledge as co-constructed and subjective 

(epistemology) and places importance on values (axiology) as outlined by Guba and Lincoln 

(1994). The literature review was more specifically informed by a heuristic approach, 

characterised by discovery and problem-solving that prioritises utility over certainty. Heuristics 

offer no assurance of delivering a correct solution to a problem, but instead focus on delivering 

judgments and decisions that are good enough to meet urgent needs in situations of uncertainty, 
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where information is incomplete. This process combines reasonable search methods together 

with one’s intuition. In my role navigating the path between theory and practice, this paradigm 

enables harmonious co-existence of researcher and practitioner within a single individual, as it 

allows for the integration of data from both sides if it contributes to valuable knowledge (Heineman 

Pieper, 1989). The reference guide was generated using a pragmatic approach, which recognises 

the interplay between experience, knowledge and action (Kelly and Cordeiro, 2020). This also 

aligns with my dual role as both a practitioner and researcher, bridging the gap between theory 

and application. This pragmatic stance allows for a flexible integration of various methods to yield 

practical and actionable insights, moving beyond the limitations of a single philosophical viewpoint 

(Rossman and Wilson, 1985; Feilzer, 2010).  

 

It is important to clarify that this study revolves solely around a literature review; it does not involve 

testing on subjects in choirs as ethical clearance has not been secured for such investigations. 

My goal is to provide an honest and comprehensive representation of the data without bias 

towards any particular outcome. In scoping the project on Mendeley Online, I found that there 

was a limited amount of white literature that precisely addressed the subject, as discussed below 

in the Methodology. Consequently, this study draws upon data from foundational subjects, such 

as acoustics and phonetics, and data from formant tuning in solo singing. Given my role as a part-

time researcher, I have made judicious decisions about which sources to include or omit, factoring 

in the constraints of time and resources available to me.  

 
The intonation of a choir can be influenced by the tuning system they employ. Two prominent 

systems are Equal Temperament Tuning (ETT) and Just Intonation or Tuning (JI). ETT divides the 

octave into 12 equal parts and is commonly used in choirs, especially in contexts where 

instruments accompany voices or when compositions have complex harmonies (Howard and 

Angus, 2017, pp. 166–170). Just Intonation is based on the natural harmonic series and can result 

in purer intervals without beats (Withington, 2020). Research by Howard (2007) provides insight 

into this phenomenon of pitch drift where unaccompanied singers unconsciously adjust their pitch 

to the harmonic series, thereby slightly deviating from the expected Equal Temperament Tuning 

pitch. The harmonics that derive from each singer’s fundamental frequency clearly follow the 

harmonic series, as does JI. However, there is the possibility for variance if using ETT.  For 

example, in figure 10, if ETT is being used the alto’s A4 will be slightly different in frequency to 

the bass’s third harmonic A4. This is a further consideration of the use of formant tuning once it is 
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established that there is validity to the strategy using JI. Assessment 2 below does not discuss 

tuning systems. 

 

In English, dialectal variations are primarily marked by differences in vowel sounds (Ladefoged 

and Disner, 2012, p. 45). Many of the studies referred to within this project are based on American 

English rather than British English. In the reference guide, I have tried to refer to British English 

where possible as I believe that will more useful for British choirs like mine. The existence of a 

standard form of English in Britain is a subject of considerable debate and this study refers to 

BBC English as a standardised form (Ladefoged and Disner, 2012, p. 45). This is based on the 

pronunciation of newsreaders and is similar to Received Pronuniciation (RP) (Deterding, 1997). 

In more recent times, the accent adopted by British newsreaders has evolved, reflecting a shift 

towards a more diverse and representative range of accents including regional variations 

(Cruttenden, 2014, p. 6), which is not reflected in this study nor is there specific information on 

singing in foreign languages. 

 

Methodology 
This narrative literature review will primarily examine peer-reviewed publications. An initial 

scoping search was conducted on Mendeley Online on 9 September 2023 using ‘vowel 

modification choir’, ‘vowel modification choral’, ‘formant tuning choir’ and ‘formant tuning choral’, 

which produced seven articles. Consequently, I expanded my search to encompass ‘vowel choir’ 

and ‘vowel choral’. After removing duplicates and articles that were clearly irrelevant such as 

papers on Parkinson’s Disease, aerosol dispersion and the ageing voice, 34 articles remained 

which required closer examination to assess their relevance to this study. I also searched ‘choir 

intonation’ and ‘choral intonation’. In total, this resulted in 269 articles of which 13 had the potential 

to be relevant but needed further investigation. 

 

At this point, I used the search terms above as the basis for searching Google Scholar, Science 

Direct, Journal of Singing and the Choral Journal. The searches on Google Scholar and Science 

Direct produced a large number of results, so they were organised for relevance before the top 

97 articles from Google Scholar and 86 from Science Direct were downloaded. My last search 

was on 10 September 2023. The data retrieved was organised in Mendeley, facilitating the 

screening process to eliminate duplicates and further filter out non-relevant studies by reviewing 

abstracts and skimming articles where necessary. The exclusion criteria were defined to omit 

articles that: 
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1. Did not pertain the singing voice 

2. Did not discuss Western classical or choral music 

3. Were not written in English or available as a translation in English 

 

Following a tutorial on 28 September 2023, where the definition of intonation was discussed, as 

mentioned in the Critical Reflection below, I completed further searches on pitch perception OR 

pitch-matching AND cepstral peak OR harmonics. This led to an additional eight articles. In 

addition, I have also made use of some grey literature, when it was deemed reliable, valuable, 

and useful and where the required information did not seem to exist within white literature. This 

included books by experts in vocal pedagogy and research and some website resources 

particularly for completion of the reference guide. I have critically assessed the literature for its 

applicability, summarised it and examined the frequently cited references to identify further 

research. I have categorised my notes into themes and have summarised my findings in 

Assessment 2 below. To create the reference guide for formant tuning, I identified the essential 

elements necessary for practical application for the choral director and for the development of 

singers following the review of the literature.  
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CRITICAL REFLECTION 
In this project, I aimed to create a tool to enhance intonation in choirs through formant tuning. I 

maintained a journal to track and reflect on this educational journey. For my analysis, I used a 

slightly modified version of Greenway’s Active Reviewing framework, as presented by the 

University of Edinburgh (2018). This framework, designed for educators to reflect on their 

teaching, includes four stages: Facts (an unbiased account of events), Feelings (emotional 

responses), Findings (lessons learnt) and Future (applying these lessons ahead). The 

straightforward structure and its basis in education worked well for a critical assessment of my 

learning experience. 

 

Facts 
I investigated the potential application of formant tuning to improve the perception of intonation 

within choral homophonic chords by conducting a narrative literature review. Given the paucity of 

research on this specific subject, I examined the impact of harmonics on intonation and the 

general tuning of vowel formants in solo and ensemble singing to gather more relevant data. As 

a practical outcome of this project, I developed a reference guide for choral directors and singers. 

This tool includes the use of the International Phonetic Alphabet (IPA) for targeting specific 

vowels, techniques for further modifying vowel quality and guidance on handling diphthongs. 

Additionally, it offers essential information to choral directors to inform strategic planning for 

formant tuning. I recognise the potential benefits of this technique, but having completed this study 

acknowledge that its effectiveness warrants further investigation. 

 

Feelings 
This assignment has been both intellectually stimulating and emotionally taxing. Through the MA 

course, I have explored a range of subjects which have all been in response to specific questions 

that I had. While each project has been beneficial, I have struggled to find a specialism for 

continued growth in a topic. Entering this project, I was uncertain about what to study and this 

feeling of doubt was compounded by a change in my circumstances this year. I have been working 

full-time in asset management in addition to teaching singing on a part-time basis, running a choir 

and singing in a busy London symphonic chorus. I had planned to transition from Finance to a 

full-time role in teaching this year, but due to health issues, I have had to suspend that plan in 

addition to my teaching and my own singing. The introduction above provides a sense of how I 

selected a subject. Despite the challenges, my project has unexpectedly ignited a passion for 

phonetics within me presenting a clearer path for future research. Nonetheless, the scarcity of 
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conclusive evidence confirming the efficacy of formant tuning has been disconcerting at times and 

a very different experience from previous projects where I have perhaps had too much 

information. The lack of evidence has at time threatened to ‘derail’ the project and lead me to 

doubt its value. However, having completed the study, I remain cautiously optimistic about the 

efficacy of formant in choral practice.  

 
Findings 
The study was initially inspired by a book chapter by Nix (2010). In my last project on vibrato, I 

found his articles to be reliable and informative(2013, 2014) and I have felt that he is a trustworthy 

source. In an informal scoping of the project, I came across two articles by McCoy (2011, 2013), 

a dissertation (Strychacz, 2021) and an article by Saus (2012). The ease of these discoveries 

made me naively anticipate that there would be a number of peer-reviewed articles on this precise 

subject comparing the use versus non-use of formant tuning in homophonic chords. The absence 

of such comparative research marked the first significant challenge in my study. I had briefly read 

the dissertation, but I had wanted to find my own evidence from white literature and build my own 

conclusions, rather than on the grey literature of a dissertation and therefore had not thoroughly 

digested his work. To overcome this lack of specific research, I instead investigated the separate 

topics of harmonics, formants, formant tuning and phonetics in the hope of finding evidence from 

peer-reviewed journals that I could compile to suggest this technique would work in choirs.  

 

While I knew that I was trying to find evidence that formant tuning could assist with the perception 

of consonance or dissonance (if desired) in a homophonic chord, I questioned my use of the term 

‘intonation’ to reflect this. My understanding of intonation had been the precision of the interval 

between two notes. As the knowledge that harmonics cannot be modified and thus formant tuning 

has no impact on the value of the fundamental frequency registered for me, I realised that if I used 

my definition of intonation this would not make sense. On my tutor’s advice, I explored the 

concepts of cepstral peaks and pitch-matching, searching for evidence that individuals might 

pitch-match more effectively with complex tones than with pure tones. It was during this phase 

that I encountered the concept of the missing fundamental in an article by Oxenham (2012, p. 

13335), which was a turning point in my project. This refers to a phenomenon in the perception 

of sound where the brain perceives the pitch of the fundamental frequency even when that 

harmonic is absent. This shows that our perception of pitch is influenced by harmonics. From this 

I took hope that if certain harmonics were boosted through the use of formant tuning it could have 

an impact on our perception.  
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In trying to write the first draft, I experienced a wave of self-doubt due to the lack of critical 

evidence to specifically support or not support this theory. As I drafted, the idea of shifting topic to 

formant tuning within solo singing started to appear as a more viable alternative. Yet, after a 

tutorial, I began to reconcile with the notion that the potential significance of formant tuning in 

choral settings indeed warranted further investigation, even if my current findings were 

inconclusive. I began reading a chapter on Choral Voice in Sundberg’s book (1987, pp. 136–145) 

even though it was grey literature and it was the exploration of Sundberg’s summary of 

experiments conducted with Ternström that was a further turning point in my study. While familiar 

with some of their work, I had not fully explored the breadth of evidence they provided, partly 

because some of it seems inaccessible, but it ultimately lent more specific support to my study.  

 

The effectiveness of formant tuning in enhancing the intonation of homophonic chords remains 

inconclusive; however, the research conducted has been valuable particularly in advancing my 

understanding of harmonics, formants and phonetics. This knowledge will be useful in my future 

teaching practice and the guide created as a result of this project has its own merits outside of 

the effectiveness of formant tuning, as discussed below. A significant insight from this project is 

the realisation that a perfect outcome is not a prerequisite for value.  

 

I found the basis of the International Phonetic Alphabet (IPA) vowel chart particularly memorable, 

as described in the literature review. Despite technological advancements that have proven 

variations in tongue positions, phoneticians continue to rely on Bell’s foundational research for 

the vowel chart (Nicholson, 2017). This has led to a deeper awareness of the importance of 

critically evaluating commonly accepted statements and the necessity to investigate the evidence 

that supports widespread beliefs. However, even if the articulatory accuracy of such a tool is 

debatable, it does not detract from its utility. Bell’s phonetic transcriptions were notably meticulous 

allowing us to infer precision in his perception of tongue placement (Ladefoged and Disner, 2012, 

pp. 148–149). For a learner requiring a visual aid, the IPA chart is a beneficial starting point for 

grasping the approximate tongue positions. 

 

Future 
The project was initiated with the intention of seeking evidence for a competitive advantage by 

using formant tuning. It remains unclear if this goal has been fully achieved and I would like to 

continue this line of inquiry in the next module. In the meantime, I am eager to apply the 

knowledge I have gained on formants in my future teaching practice and I am keen to use the 
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reference guide in the current work with my choir. The development of the guide is intended to 

enhance my choir’s ability to accurately interpret and transcribe vowels sounds and to offer 

insights on the handling of diphthongs, whether for the purposes of formant tuning or vowel 

uniformity. I am hopeful that it can help other choirs refine vowel articulation too and potentially 

formulate strategies for formant tuning. This educational experience has been profoundly 

beneficial in my development. I have evolved from having minimal knowledge of acoustics and 

phonetics to a state of competence and an eagerness to implement what I have learned 

theoretically into my teaching methods. Most importantly, I have learnt to find value in ambiguity. 
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A POTENTIAL USE OF FORMANT TUNING TO  

ENHANCE INTONATION WITHIN A CHORAL SETTING 

 
ASSESSMENT 2 – WRITTEN ASSIGNMENT 
 

Introduction 
Intonation is of paramount importance for choirs, consistently emerging as a principal focus during 

daily rehearsals as documented by Ganschow (2014) and further highlighted by Hensley in his 

article on festival adjudication (2021). This study examines the evidence for employing formant 

tuning to accentuate or diminish specific harmonics within sung homophonic chords with the 

intention of improving the perception of intonation. This narrative literature review aims to define 

harmonics, intonation, formants, vowels and formant tuning before outlining a strategy for using 

these concepts within the choral environment together with a pedagogical reference guide for 

choral directors and singers. Finally, avenues for future research will be identified. 

 

Harmonics 
The human voice generates complex periodic tones, consisting of a series of harmonics. Each 

harmonic is an integer multiple of the first harmonic, also known as the fundamental frequency 

(𝑓𝑓o). For example, the second harmonic is two times the fundamental frequency, the third 

harmonic is three times the fundamental frequency, and so on (Plack and Oxenham, 2006, p. 13). 

In theory, there can be an infinite number of harmonics, but the range of human hearing and a 

decrease of 12 decibels per octave mean that only a limited number are significant (Sundberg, 

1977, p. 82; Titze, 2009, p. 575). Musical notes plot frequency on a logarithmic scale resulting in 

the following intervals for the first six harmonics (Howard and Angus, 2017, pp. 132–133): 

 

Second harmonic 2:1 An octave higher than the fundamental frequency 

Third harmonic 3:2 A perfect fifth higher than the second harmonic 

Fourth harmonic 4:3 A perfect fourth higher than the third harmonic 

Fifth harmonic 5:4 A major third higher than the fourth harmonic 

Sixth harmonic 6:5 A minor third higher than the fifth harmonic 
Figure 2, Intervals of the harmonic series 
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Harmonics originate at the voice source mainly due to two phenomena: the oscillating collisions 

of the vocal folds and the feedback of acoustic energy from the vocal tract to the glottis altering 

glottal flow (Titze, 2009). Regarding the former, figure 3 demonstrates three glottal waveform 

scenarios (shown on the left) and their corresponding harmonics (displayed on the right). As the 

glottal adduction increases from 20% in the top graph to 80% in the bottom graph, there is a 

noticeable increase in the number of harmonics. This indicates that a greater level of vocal glottal 

adduction results in a richer harmonic spectrum (Titze, 2009). 

 

 
Figure 3, Glottal flow waveforms and the corresponding harmonic spectra 

for varying levels of vocal fold adduction (Titze, 2009, p. 576) 

 

Intonation 
Intonation refers to the precision with which a musician matches pitch with the intended musical 

note (Swannell, 1992, p. 560). Bendor and Wang explain that while frequency is an objective 

measurement of sound, pitch is how we perceive that sound (2006, p. 391). Ternström further 

refines intonation as the purposeful alteration of the fundamental frequency to align the perceived 

pitch with a target pitch (1991, p. 136). The challenge arises when considering the voice’s complex 

tones, which include a blend of frequencies or harmonics (Bendor and Wang, 2006, p. 391). These 

harmonics enrich auditory cues and enhance pitch discrimination as evidenced by Moore, 

Glasberg and Peters (1985). An interesting aspect is the “pitch of the missing fundamental” 

phenomenon. In situations where the fundamental frequency is absent from a complex tone, 

listeners still perceive the pitch of the missing fundamental based on the relationships between 

the existing harmonics (Plack and Oxenham, 2006, p. 13). This suggests that pitch perception is 
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closely linked to harmonics, though the debate continues over which harmonic predominantly 

influences this perception. It is generally agreed that the first to the fifth harmonics are most 

influential, and as the fundamental frequency rises, the perception of pitch may increasingly 

depend on higher harmonics (Plack and Oxenham, 2006, p. 16). This implies that our 

understanding of pitch should acknowledge the influence of the entire spectrum of harmonics, not 

just the fundamental frequency, underscoring the complexity of pitch perception in the context of 

intonation. 

 

Choral intonation 
Harmonics are important in the pitch perception of a single voice, but what happens when multiple 

voices sing together? Figure 4 illustrates a D major chord sung by soprano, alto, tenor and bass 

(SATB) voices. The second bar reveals the harmonics of each voice’s note, highlighting the 

common partials or overlaps between these harmonics. 

 

 
 

Figure 4, SATB D major open spacing chord and harmonics of each chord member (amended from Nix, 2012, p. 
e468) 

In a study on barbershop quartets, it was found that intervals that share a higher number of partial 

tones tend to be sung more accurately in tune compared with intervals with fewer shared 

harmonics (Hagerman and Sundberg, 1980). In a later experiment on the impact of spectral 

properties it was found that intonation was further improved if the lowest common partial was 

“enhanced by a formant.” (Ternström and Sundberg, 1988, p. 69) 

 

Formants 
Formants can be defined as frequency peaks in the radiated spectrum (Bozeman, 2017, p. 86). 

Imagine a vocal tract shaped as a perfect cylinder, closed at the glottis and open at the lips, 
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measuring 17.5cm long (which is typical of an adult male), the first four formants would be at 

500Hz, 1500Hz, 2500Hz and 3500Hz (Sundberg, 1977, p. 83). The vocal tract, however, is a 

flexible tube with multiple resonating cavities, all of which are adjustable (Bozeman, 2013b, p. 

37). These include variations in larynx height, pharyngeal constriction, tongue position, velum 

position, jaw opening and lip configuration (Sundberg, 1977, p. 93; Titze, 2000, pp. 164–168). 

With regards to men, women and children their vocal tracts typically differ in length (Sundberg, 

1987, p. 102). It is interesting to note that the average female vocal tract is not simply a smaller 

version of the male vocal tract. The average length of an adult female’s mouth is approximately 

85% of the male average, but the length of the female pharynx is only 77% of the male equivalent. 

This would also account for differences in formant frequencies (Nordström, 1977). 

 

Each formant corresponds to a standing wave within the vocal tract, which is a fixed pattern of 

pressure fluctuations that have their highest amplitude at the glottis and approach their lowest at 

the lips. The length of the vocal tract is a quarter of the wavelength of the lowest formant 

(Sundberg, 1977, p. 83). Therefore, the length of the vocal tract determines the maximum possible 

value for the first formant frequency (Sundberg, 1975, p. 95). Alteration to the vocal tract’s length 

or its cross-section will modify the specific frequencies of the formants; the exact nature of these 

shifts depends on where along the length of the vocal tract the change in size occurs in relation 

to the standing wave pattern (Sundberg, 1977, p. 83). Changes to the formant frequencies will be 

discussed further in the formant tuning section below. 

 

A harmonic located near a formant is intensified, typically raising the overall emitted sound level 

(Carlsson and Sundberg, 1992, p. 256). A typical voice contains multiple formants, but only 

approximately three to five formants have a “low enough frequency and strong enough in 

intensity” to be aurally significant (Bozeman, 2013b, p. 38). Basses usually have five formants 

decreasing to sopranos at the other end of the spectrum, who usually only have three. In addition 

to having fewer formants, female voices have fewer audible harmonics as their voices are higher. 

(Bozeman, 2013b, p. 38) This could mean there is less opportunity for resonance. 

 

Vowel Formants 
The first two formants, F1 and F2, play a significant role in vowel differentiation (Peterson and 

Barney, 1952). For example, as shown in Figure 5, a high second formant frequency and a low 

first formant is interpreted as an /i/ vowel. 
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Figure 5, Spectographic model of the first two vocal tract formants, the vowel formants (Bozeman, 2013, p. 27) 

 

Peterson and Barney (1952) demonstrated that the first and second formant frequencies are not 

fixed values; rather, they vary within a certain range as depicted in Figure 6. This variation is due 

to differences in individual speakers, including factors such as age, gender and the specific 

articulation of vowels. Generally, the formant frequencies are highest in children, intermediate in 

women and lowest in men. Furthermore, if the analysis were to include sing vowels, there would 

be an even broader range of formant frequencies for each vowel (Sundberg, 1970, pp. 88–89; 

Titze, 2000, p. 162).  

 

 
Figure 6, Frequency of second formant versus first formant for ten vowels by 76 speakers  

(Peterson and Barney, 1952, p. 182) 
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Vowels are characterised acoustically by their formant frequencies, articulatorily by tongue and 

lip positions and symbolically using the International Phonetic Alphabet (IPA), which documents 

tongue height and frontness and lip rounding and is designed to encompass a comprehensive set 

of symbols to represent the world’s languages (Ladefoged and Halle, 1988, p. 578; International 

Phonetic Association, 1999, p. 3; Titze, 2000, pp. 162–163). The traditional articulatory approach, 

originating from Alexander Melville Bell, describes vowels based on the vertical (high-low) and 

horizontal (front-back) positioning of the tongue, combined with lip opening. While Bell’s 

observations were significant, his assessments of tongue positions were limited by the subjective 

nature of only what could be seen and felt. Subsequent phoneticians used Bell’s concepts of 

tongue height and backness to create vowel charts, despite X-ray studies showing that actual 

tongue shapes during speech differ from Bell’s initial conceptions and it is still the basis for the 

IPA vowel chart (Ladefoged and Disner, 2012, pp. 149–151). Comparing a representation of 

traditional tongue positioning with acoustic data reveals that they are surprisingly similar (see 

Figure 7). 

 

 
Figure 7, Traditional representation of relative position of the highest point of the tongue in American English vowels 

(right), corresponding acoustic data (left) (Ladefoged and Disner, 2012, p. 151) 

 

Phoneticians were in essence interpreting variations in formant frequencies through tongue 

positions – using the first formant to infer tongue height and the second formant to deduce a 

combination to lip rounding and tongue backness (Ladefoged and Disner, 2012, p. 151). 

Advancements in technology, such as X-rays, ultrasound and MRI, have provided phoneticians 

with tools to verify that there are no fixed articulatory positions for vowels (Nicholson, 2017, p. 
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124). The International Phonetic Association  clarified that their vowel chart tongue positions are 

approximate in the following statement in the accompanying handbook (Figure 8):  

 

The use of auditory spacing in the definition of these vowels means vowel description is 

not based purely on articulation, and is one reason why the vowel quadrilateral must be 

regarded as an abstraction and not a direct mapping of tongue position. (International 

Phonetic Association, 1999, pp. 11–12) 

 

 

Articulation of vowels involves two primary tongue movements: first, elevation mainly due to the 

genioglossus and mylohyoid muscles in concert with muscles that regulate jaw height; second, 

retraction, predominantly controlled by the styloglossus and hyoglossus muscles. However, 

various muscular combinations can achieve comparable tongue configurations. For front vowels 

in English, the lips are unrounded and for back vowels they are increasingly rounded as they 

become higher (Ladefoged and Disner, 2012, pp. 152–153). 

 

Figure 8, IPA vowel quadrilateral (International Phonetic Association, 2020) 
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Formant Tuning 
The alignment of a harmonic with a formant causes it to experience a gain in sound pressure level 

(SPL), without requiring additional vocal effort at the vocal folds or from breath pressure, which is 

potentially beneficial for singers (Miller, 1987, p. 12). While harmonics cannot be modified, it is 

possible for singers to adjust formant frequencies to coincide with a harmonic (Carlsson and 

Sundberg, 1992, p. 256). Formant tuning, a term coined by Miller and Schutte (1990, p. 231), can 

be defined as “the tuning of one or both of the first two formants in order to find a better 

formant/harmonic match for greater resonance.” (Bozeman, 2013b, p. 172) Formant tuning can 

also be referred to as vowel modification, which Nix (2004, p. 173) more specifically defines as: 

 

shading vowels with respect to the [frequency] location of vowel formants, so that the sung 

pitch or one of its harmonics receives an acoustical boost by being near a formant. 

 

The first formant (F1), which is the lowest formant, can range from middle C (C4) to the G above 

the treble clef (G5) depending predominantly on the vowel being sung. Figure 9 illustrates the 

estimated position of the first formant for seven different vowel sounds across different voice 

types. While the pattern for these vowel sounds remain relatively consistent, there is a slight shift 

in their placement on the stave for each category of voice. For female singers in particular, the 

fundamental frequency is often higher than the first formant, which is acoustically unbeneficial 

(Titze, 2004; Sundberg, 2008, p. 546). A potential solution is to increase the frequency of the first 

formant above the fundamental frequency (Sundberg, 1977, p. 90; Titze, 2004). Sundberg (1975) 

found that the formant frequencies of a single soprano were found to resemble normal speech 

patterns when the fundamental frequency was lower than the first formant. However, at higher 

pitches, the first formant aligned closely with the fundamental. Sundberg (1987) suggest that 

formant tuning may be an intuitive technique, while Miller and Schutte show that the singer makes 

a conscious decision to modify without necessarily understanding underlying principles. 

 

When the fundamental frequency reaches or surpasses F1 it becomes harder to identify the vowel 

being sung (Benolken and Swanson, 1990; Hollien, Mendes-Schwartz and Nielsen, 2000). 

Composers are aware of this limitation in vowel recognition at high pitches and tend to avoid 

placing critical text exclusively in the uppermost range of a soprano (Sundberg, 1977, p. 90). 

Research also indicates that there is flexibility in the frequencies of vowels and that a singer can 

modify the vowel to a certain extent without loss of intelligibility (Miller, 1987, p. 12; Benolken and 

Swanson, 1990) and in addition it is dependent on context, for example, surrounding consonants 
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(Smith and Scott, 1980; Hollien, Mendes-Schwartz and Nielsen, 2000). In addition, Carlsson and 

Sundberg’s research (1992) suggests that formant tuning should be used judiciously. Their 

experimental findings indicated listeners preferred performances where formant tuning was not 

applied to every note in a scale.  

 

Titze states the following rules for the modification of vowels (2000, pp. 179–180): 

 

1. All formant frequencies decrease uniformly as the length of the vocal tract increases. 

2. All formant frequencies decrease uniformly with lip rounding and increase with lip 

spreading. 

3. A mouth constriction lowers the first formant and raises the second formant. 

4. A pharyngeal constriction raises the first formant and lowers the second formant. 

 

Figure 9, Approximate First Formant Locations (Bozeman, 2013a) 
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Ways to implement these frequency changes are discussed in the Application section below. 

 

Before moving further into the specifics of formant tuning within choral contexts, it is important to 

note one principle as researched by Titze: the principle of maintaining the harmonic below the 

formant peak. Enhancement of vocal output can be achieved through non-linear interactions 

between the vocal folds and the vocal tract, with significant amplification occurring when the vocal 

tract exhibits inertive resistance. However, as the fundamental frequency approaches the first 

formant, the reactance of the vocal tract shifts to compliant. The effects of this shift are noticeable 

just above the frequency where inertive and compliant reactances crossover. According to Titze’s 

finding, it is not ideal to precisely tune the first formant to a lower harmonic such as the 

fundamental frequency, the second or third harmonic. Rather keeping F1 slightly higher than Fo 

or a lower harmonic can be beneficial and may result in a significant boost in the acoustic power 

of the voice. Nonetheless, this strategy may be less effective for very high pitches in female voices 

where impedance matching is more difficult (Titze, 2004) 

 

Formant Tuning Within Choirs 
 

As discussed above, harmonics can influence the perception of pitch, which makes them integral 

to any discussion about intonation in choral settings. For an example of how formant tuning can 

be used to further amplify or diminish particular harmonics within a chord see figure 10, in which 

Nix has notated a chord for an SATB choir to sing (2010, p. e468). In the second bar, he has 

written out the harmonic series that is created by each of the notes that the choir sings in bar 1 

as above in figure 4. In the third bar, he has indicated the approximate range of pitches for the 

vowel formants for /e/, which is the vowel that the choir will sing. In this example, Nix uses formant 

location ranges as stated by Baken and Orlikoff (2000, p. 260) with the lower note being the 

average for male voice and the upper note being the average for female voice.  

 

Nix suggests that the bass continues to target the original /e/ vowel, as the third harmonic is on 

A4 which lies just beneath the first formant. The tenor requires a small modification of vowel. The 

second harmonic is on D5 and therefore the tenor will modify the vowel towards /ɛ/, which has a 

higher first formant location (see figure 9) but is articulatorily quite similar (see figure 8). The alto’s 

fundamental frequency is an A4 and, similarly to the bass, the alto will continue to sing an /e/. For 

the soprano, the fundamental frequency of F#5 (739.99Hz (Titze, 2000, p. 387)) lies above the 

first formant of /e/ (476-536Hz (Baken and Orlikoff, 2000, p. 260)). Nix suggests blending an /ɛ/ 
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with an /ᴧ/, perhaps to preserve some integrity of diction by using /ɛ/ which has a somewhat higher 

first formant at approximately 610Hz (Peterson and Barney, 1952, p. 183) combined with utilising 

an even higher first formant location of approximately760Hz for /ᴧ/ (Peterson and Barney, 1952, 

p. 183). The change of reference for formant values to Peterson and Barney in this example is 

due to a lack of access to Baken and Orlikoff’s measurements, which were cited by Nix. 

 

 
 
Figure 10, SATB D major open spacing chord, harmonics of each chord member, and approximate pitch locations of 

first and second formants of the vowel /e/ (Nix, 2012, p. e468) 

 

 

Application 
Appendix A presents a reference guide designed for choral directors and singers, aimed at 

facilitating the implementation of formant tuning strategies. The initial four sections are intended 

as exercises and discussion points led by a choral director in order to equip singers with the skills 

necessary to execute these strategies effectively. Research by Dromey, Heaton and Hopkin 

(2011) demonstrates that a small amount of training can have an impact when a group of young 

adults with amateur singing experience could significantly alter the acoustic properties of vowels 

following just 15 minutes of instruction. Additionally, the guide’s information on the IPA, vowels 

and diphthongs is beneficial for overall choral development, independent of this specific strategy. 

The final section is intended solely for the use of choral directors and serves as a pre-rehearsal 

preparatory tool to be used in conjunction with the theoretical knowledge from this literature 

review. The section provides the reference materials required to plan an initial formant tuning 
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strategy for key homophonic chordal moments. The strategy can then be tested within a rehearsal. 

The sections of the guide are as follows: 

 

Using IPA Symbols 
It is easy for English singers to have an “almost cavalier” attitude to singing in their own language 

as opposed to the care that is taken with sounds in a foreign language (LaBouff, 2008, p. 25). In 

addition, there are inconsistencies in pronunciation between different singers such as the second 

syllable of heaven (LaBouff, 2008, p. 25; Karna and Goodenow, 2010, p. e466). It would seem 

reasonable to find a method for singers to be able to target and notate the same sounds more 

accurately. Therefore, the reference guide contains various information on phonetic symbols. 

Firstly, it contains the IPA vowel quadrilateral (International Phonetic Association, 2020) to 

introduce the phonetic symbols, their approximate articulatory positions and their sounds. 

Nicholson argues that despite the IPA vowel chart being only approximate guide from articulatory 

perspective, it still holds value as a teaching tool (2017, pp. 124–125). This is a followed by a list 

of the standardised British English vowels and their pronunciations. The phonetic guidance 

offered here, while initially tailored to BBC English, holds the potential for future expansion to 

encompass additional phonetic elements not currently addressed in addition to sets of vowels 

and more specific elements of further languages such as nasalised vowels (Collins, Mees and 

Carley, 2019, p. 87). The guide also contains an exercise for further familiarising singers with 

phonetic symbols. It is suggested that singers make use of the British English vowels in addition 

to the ones illustrated, if it is perhaps more relevant to the choir’s repertoire (Westerman Gregg, 

1997).  

 

In choral settings, it has been observed that choral singers default to using the schwa vowel, 

which is known for its neutral timbral quality  (Ternström and Sundberg, 1989). These observations 

underscore the importance of equipping choirs with an International Phonetic Alphabet (IPA) chart 

and ensuring a comprehensive understanding of vowel production, especially in light of formant 

tuning.  

 

Exploring the vowels 
This section makes use of three exercises to explore the tongue and lip movement of vowels from 

primarily a tactile perspective (Collins, Mees and Carley, 2019, pp. 79–80), as opposed to the 

visual and auditory aids of the pages focusing on the IPA vowel chart and English vowels. 
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Modification 
This section provides some simple strategies for adjusting the formant frequency without having 

to target specific vowels: 

 

Frequencies adjust higher or lower if the vocal tract length changes, becoming lower for a longer 

vocal tract and higher for a shorter one (Sundberg, 1977, p. 83). One way to change the length 

of the vocal tract is to raise or lower the larynx: a lower larynx increases the length of the vocal 

tract, lowering the formant frequencies and therefore creating a darker sound. Conversely, a 

raised larynx creates a brighter sound as a result of a shorter vocal tract and higher frequencies 

(Titze, 1993). In Western classical singing, a low larynx is generally preferred (Sundberg, 1977, 

p. 84) and the reference guide includes a ‘pre-yawn’ exercise by Chapman for achieving this 

(2006, p. 288). In addition, the vocal tract naturally becomes smaller at the top of a singer’s range 

(Bozeman, 2013b, p. 38), resulting in changes to vowel formant frequencies that may need to be 

taken into consideration when formulating a strategy. A second method for changing the length of 

the vocal tract involves the lips. Retracting the corners of the mouth effectively shortens the vocal 

tract, while lip rounding lengthens the vocal tract (Sundberg, 1977, p. 82 and p.90). 

 

The first formant appears especially responsive to movements of the jaw in all voice parts from 

soprano to bass (Sundberg, 1975; Sundberg and Skoog, 1997). A wide opening of the jaw can 

also constrict the pharynx (which as mentioned above also raises the first formant) in addition to 

a reduction in constriction at the mouth end of the vocal tract (Sundberg and Skoog, 1997, p. 

305). The 1997 experiment also indicated that on certain vowels /i e u o/ another articulatory 

method may be used prior to the jaw. This was tested by Sundberg (2008) on a single soprano 

which showed use of the jaw opening on all vowels at higher pitches, but at 4 to 5 semitones 

below the F0/F1 crossover, there were multiple strategies including a reduction in height of the 

tongue dorsum relative to the jaw on /i e u/ contrasting with a wider lip opening for /o/ in addition 

to a jaw opening for /a/.  

 

Austin (2007) found use of the jaw on the vowels /a i u/ at higher pitches with a greater degree of 

opening for /a/ in his study of 12 singers (voice types ranged from soprano to bass-baritone). This 

research compared the degree of opening of jaw opening in two groups of singers: one group 

with less than four years of college training and one with eight to 20 years of training and 

professional experience. No significant difference was found in the amount of jaw opening 

between novice and experienced singers. This could suggest that wider jaw opening for high 
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notes is instinctive, not requiring formal training. Alternatively, it may indicate that jaw opening is 

a basic skill taught early in a singer’s education, such as in general music classes or choir practice 

during their formative years. This is a consideration for choral directors that their formant tuning 

strategy has the potential to be enhanced or diminished by modifications that singers make 

intuitively. The guide contains a page to highlight the effect of jaw opening, which can be 

discussed further. 

 

Titze (1998) found that a wider pharynx configuration consistently led to a darker and stronger 

sound quality. This is attributed to the lowering of the first formant frequency (F1), which results in 

greater emphasis on the lower partials of the vocal tract resonance. The study confirms the fourth 

rule: a tube exhibits a lower F1 when it is wider near the closed end (larynx side) and narrower 

towards the open end (mouth). A widened pharynx can alter vowel perception unless 

compensatory articulatory adjustments are made. For accurate vowel representation, the location 

and degree of constriction in the vocal tract must remain consistent relative to the mouth 

configuration. The reference guide includes an exercise for widening the pharynx (Kayes, 2004, 

p. 12). 

 

Diphthongs 
A diphthong is a sound “that has a change in vowel quality during the course of the syllable” 

(Ladefoged and Disner, 2012, p. 48). Ladefoged and Disner distinguish nine diphthongs in BBC 

English: /eɪ/, /əʊ/, /aɪ/, /aʊ/, /ɔɪ/, /ɪə/, /eə/, /aə/ and /ʊə/. Emmons and Chase state that “the second 

vowel should be articulated as clear as the first” (2006, p. 70) and prefer the vowel sound 

proportions to be two-thirds to one-third or three-quarters to one-quarter depending on tempo and 

the time signature. An alternative suggestion is that the initial vowel sound occupies about 90 to 

95 per cent of the note length, while the remaining five to ten per cent is taken up by the second 

vowel sound (Nair, Howard and Welch, 2019, p. 1065). The transition between the two sounds 

can be clearly seen on a spectrogram and in addition this tool helps singers to understand and 

correct any unintended diphthongs (Nair, Howard and Welch, 2019, pp. 1066–1067). The 

reference guide includes a list of BBC English diphthongs, their sounds and an exercise that I 

created for practising the transition between the two vowel sounds. It does not suggest a precise 

formula for the timing of all transitions going forward – that is at the discretion of the choral director 

and is influenced by the genre, tempo and underlying rhythmic structure. In addition, the exercise 

is not focused on formant tuning the specific vowels to get the best acoustic output, it is simply an 

exercise with regards to transitioning effectively between two sounds. 
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References for choral directors 
While the theoretical concept of formant tuning every note for every part might seem beneficial, 

in practice, it is neither feasible nor necessarily acoustically advantageous (Carlsson and 

Sundberg, 1992). The following strategy should be reserved for homophonic chords particularly 

in pivotal moments or cadences. It is important to note that formant frequencies vary on an 

individual basis (Nix, 2004, p. 173). Therefore, choir members may need to target slightly different 

vowel sounds. The guide provides the following reference tools: the intervals of the first six to 

eight to harmonics, three sets of vowel formant frequencies, frequencies of notes in the Equal 

Temperament Tuning system and the general principles of formant tuning. Three sets of formant 

frequencies are included as one is the result of a large-scale study in American English, one is a 

small-scale study but it is in BBC English and one is a clear illustration of how F1 locations change 

through the different voice parts. It is anticipated that there is a trial-and-error element to the 

strategy with the final plan only being fully realised in the rehearsal with singers present. 

 
Conclusion 
In conclusion, the effectiveness of formant tuning as a method to improve intonation in 

homophonic chords within choral settings remains an open question. It is hard to state that this 

strategy works without evidence that compares choirs or ensembles singing with and without 

formant tuning and the resulting perception of intonation. While current research does not provide 

definitive answers, there is sufficient potential in the concept to merit further, more targeted 

testing. The ‘pitch of the missing fundamental’ phenomenon particularly underscores the 

significance of harmonics in pitch perception (Plack and Oxenham, 2006, p. 13). This insight 

highlights the intricacies involved in the perception of pitch and intonation and compels a broader 

consideration of the entire harmonic spectrum rather than focusing solely on the fundamental 

frequency. Empirical studies reinforce the importance of harmonics in choral singing. Research 

by Hagerman and Sundberg (1980) on barbershop quartets demonstrates that intervals sharing 

a greater number of partial tones are more likely to be sung in tune than those with fewer common 

harmonics. Subsequent work by Ternström and Sundberg (1988) further reveals that enhancing 

the lowest common partial with a formant can lead to even more precise intonation. These findings 

collectively suggest that a nuanced understanding harmonics and formants is crucial for 

advancing choral intonation practices, an area where formant tuning might play a key role. The 

exploration of these relationships, therefore, remains an essential avenue for future research in 

choral music studies. Furthermore, the broader exploration of acoustics and phonetics undertaken 

in this study promied to be of great benefit to my choir and my future teaching practice and the 
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reference guide developed as a result of this research has the potential to be a valuable asset for 

choirs in general. 
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Appendix A 

 



Using formant tuning to 
enhance intonation in choirs

For choral directors and singers



Using IPA symbols



IPA 
vowel 
quadrilateral

(International Phonetic Association, 2020)http://www.vowelsandconsonants3e.com/chapter_1.html# 
(Ladefoged and Disner, 2012) 

http://www.vowelsandconsonants3e.com/chapter_1.html


English
vowels

(Ladefoged and Disner, 2012, p. 49)



Exercise using IPA symbols
Karna and Goodenow (2010, p. e163)

Either use the above vowels or replace them with vowels from the English vowel table



Exploring the vowels



Vowel articulation: exercise 1

/iː/ as in fleece/aː/ as in palm

(Collins, Mees and Carley, 2019, p. 79)

1. Say the vowel /aː/
2. Put your finger in your mouth.

3. Say the vowel /iː/
4. Remove your finger.

5. Look in a mirror and repeat the vowel sounds.



Vowel articulation: exercise 2

/æ/ as in trap/ɛː/ as in square

(Collins, Mees and Carley, 2019, p. 80)

1. Say these vowels.
2. Can you feel the tongue moving down?

3. Say them in reverse order.
4. Can you feel the tongue moving up?

/iː/ as in fleece



Vowel articulation: exercise 3

/uː/ as in goose/ɔː/ as in thought

(Collins, Mees and Carley, 2019, p. 80)

1. Say these vowels a number of times.
2. Focus on what is happening to the lips.

3. Focus on what is happening to the tongue.

/aː/ as in palm



Modification



Exercise: lowering the larynx

Stand in 
alignment with 
head and neck 
well positioned.

1

Place thumb 
and index finger 
either side of the 
larynx.

2

Place tongue in 
an /i/ position in 
the mouth.

3

Inhale as though 
about to yawn.

4

Stop there! Do 
not complete 
the yawn.

5

Notice that the 
larynx has 
dropped (and 
the soft palate 
has lifted).

6

Remove fingers 
and practice 
five times.

7

(Chapman, 2006, p. 288)

Lowering the larynx = darker sound
Raising the larynx = brighter sound



Lip positions
(Anderson et al, 2022, chapter 3.5)

Lip rounding = darker sound
Lip spreading = brighter sound



Jaw opening

Open the jaw to a greater degree 
as the pitch rises



Suppressed Laughter
(Kayes, 2004, p. 12)

Think of a funny 
situation that makes 
you want to smile 
inside. Hold the feeling 
of that inner smile.

Allow the sensation to 
develop further down 

in your vocal tract.

Allow yourself to 
giggle or chuckle.

Let the sensation grow 
into laughing out loud.

Visualise being in a 
silent movie. Laugh 

silently, working just as 
hard as you did 

before.

As you continue to 
laugh silently, notice 

the physical work 
involved.

Wider pharynx = darker sound



Diphthongs



Diphthong
from the Greek word for two sounds

a sound with a change in vowel quality 
during the course of the syllable

e + ɪ as in train
Ə + ʊ as in phone
a + ɪ as in bike
a + ʊ as in owl
Ɔ + ɪ as in boy
ɪ + Ə as in ear

e + Ə as in chair

ʊ + Ə as in tourist
a + Ə as in fire

Pictogram amended from English File, Oxford University Press (2023)



Diphthong 
Exercise

GUIDELINES
� This exercise practises moving from the first vowel sound to the second 

vowel sound as a choir. 
� The first vowel sound should blend into the second with no break.

� It also shows singers a possible way of notating vowels in order to 
collectively target the same precise sound at the same time.

� In general when singing a diphthong, sustain the first vowel sound and 
introduce the second vowel sound with less emphasis at the very end 
or as instructed by the choral director. 

� If the diphthong is sung over multiple notes, the first vowel sound is 
used for all the notes except the last one or part of the last one, as 
directed.



References for choral 
directors



Harmonic series

Harmonic Interval

Second
harmonic

An octave higher than the

fundamental frequency
Third
harmonic

A perfect fifth higher than the

second harmonic
Fourth
harmonic

A perfect fourth higher than

the third harmonic
Fifth
harmonic

A major third higher than the

fourth harmonic
Sixth
harmonic

A minor third higher than the

fifth harmonic

First eight harmonics of C3
(Bozeman, 2013b, p. 19)



Frequencies 
of notes on 
the Equally 
Tempered 
Scale

(Acoustical Society of America, 2023)



Formant values (American English)
Peterson and Barney (1952, p. 183)



Formant values (BBC English)
(Deterding,1992, p. 52)

Men Women



F1 locations 
by voice 
type

(Bozeman, 2013a)



Formant 
tuning 
principles

� All formant frequencies decrease uniformly as 
the length of the vocal tract increases.

� All formant frequencies decrease uniformly 
with lip rounding and increase with lip 
spreading.

� A mouth constriction lowers the first formant 
and raises the second formant.

� A pharyngeal constriction raises the first 
formant and lowers the second formant.

(Titze, 2000, pp. 179–180)
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