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Abstract 
 

Poor, unreliable, inconsistent intonation is a problem for choirs and their directors. As 

a chorister, I observed many conductors attempting to correct issues with a range of 

‘quick-fix’ solutions; what seemed to be missing was a proactive way of approaching 

intonation that would yield long-lasting results. A demonstration of different tuning 

systems at the 2007 International Summer School in Choral Conducting made it 

apparent that a partial solution to the problem could be the use of just intonation; an 

approach in which notes are tuned to overtones of the harmonic series. By tuning this 

way, beats are avoided, and the sound is perceived as more consonant, resonant, and 

in tune. This is not the case for temperaments, which evolved from just intonation so 

instruments could be used in varying combinations. While there are approaches for 

teaching just intonation to choirs, they are generally complicated, too advanced, not 

easily transferrable to different contexts, and often written in languages other than 

English. Therefore, the aim of this research was to create a systematic, 

comprehensible curriculum and pedagogy to teach just intonation to the New Zealand 

Secondary Students’ Choir and the University of Canterbury Chamber Choir, 

Consortia. Data was collected and analysed using multiple sources of evidence. The 

results indicate that the approach was effective as it enhanced the overall tuning of 

both choirs. Despite these findings, a revised model was created for future 

implementations. This methodology would be useful to other conductors in 

addressing intonation issues with their choirs, and it is anticipated that this approach 

will become part of choral pedagogy as a partial solution to solving intonation 

problems.  
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Glossary of Terms and Abbreviations 
 

AWJITS: Andrew Withington’s Just Intonation Tuning Symbols. 

 

Beats: Beats occur when there are different intonations within, or between, classes of 

pitch. Norden (1936, p. 219) states that “beats are caused by interference between 

sound waves…” 

 

Cents: There are 1200 cents in an octave and 100 in an equally-tempered semitone. In 

this research, cent values are mostly used to represent the intonation of notes, rather 

than Hertz or ratios. 

 

Consonance: This occurs when there are no discrepancies in the tuning within, or 

between, classes of pitch. 

 

Construct validity: Yin (2014, p. 238) defines this as “the accuracy with which a 

case study’s measures reflect the concepts being studied.” 

 

CRB: Conductors’ Resource Book (Appendix L1). 

 

Curriculum: The content of what is taught to choristers. 

 

Difference tones: A note resultant from the difference of two others. For example, 

660 Hertz – 440 Hertz = 220 Hertz. 

 

Diminishing returns: This occurs when there is regression in achievement. This 

could be due to labouring a point, fatigue, and so forth. 

 

Equal temperament: The intonation of each note is determined by dividing the 

octave into twelve equivalent, 100-cent ( √2
12

) semitones. There are enharmonic 

equivalents, that is, the intonation of an A-sharp is the same as a B-flat. 

 

Just intonation: The just intonation of a note is achieved by either matching it to a 

corresponding harmonic of its root, or tuning it in such a way that it forms a natural 

harmonic with the root. 

 

Harmonics: Additional notes that are produced above a sung or played fundamental 

pitch. 

 

                                                           
1 Appendices are in Volume 2. 
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Harmonic series: The order of harmonics, from lowest to highest, of sung and played 

notes. The sung or played note is the fundamental and first harmonic. The second 

harmonic is a perfect octave about the fundamental, and the third harmonic is an 

octave and a perfect fifth above it. 

 

Intonation bases: The foundation on which the just tuning of notes are determined. 

Three bases were developed and used as part of this research: origin, progressive and 

zero. 

 

Intonation ‘danger zone’: A colloquial term used to describe problematic tuning 

areas in a composition. 

 

Intonation ‘shock’: A colloquial term used to describe a momentary mismatch 

between the choral tuning and the accompaniment. 

IPA: The International Phonetic Alphabet. 

 

JIR: Just Intonation Rubric. 

 

Modulation: In this research, modulation occurs when the music progresses from one 

origin to another; it could be either momentary, that is within the context of the 

prevailing tonal centre, or established. 

Orientation note: The starting pitch sounded before a composition is rehearsed or 

performed. 

 

Origin: The tonal centre. 

 

Origin base: When this base is used the just intonation of each successive origin 

(secondary, tertiary, quaternary, and so forth) is calculated from the primary origin, 

which is 0 cents. 

 

Overtones: A synonym for ‘harmonics’. 

 

Pedagogy: The way in which the content of the curriculum is taught to choristers. 

 

Pitch class: The name of a note, for example, D-flat. When pieces of music are tuned 

using just intonation, there are often different intonations of pitch classes. For 

example, in the key of G-flat major, the note D-flat could be 702, 724 or 680 cents 

depending on its harmonic context. 

 

Prevailing origin: The tonal centre at the time.
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Progressive base: When this base is used the just intonation of each successive origin 

is calculated from the previous origin. 

 

Pythagorean temperament: The intonation of each note is determined by a 

succession of perfect fifths and there are no enharmonic equivalents; the intonation of 

the note A-sharp is different to B-flat. 

 

Quarter-comma meantone temperament: The intonation of each note is determined 

by a succession of major thirds, however, a succession of four perfect fifths are firstly 

narrowed by a quarter of a syntonic comma so that the final fifth makes a pure major 

third with the first note. Like Pythagorean temperament, the intonation of C-sharp is 

different to D-flat. 

 

Resonance: Like ‘consonance’, this occurs when there are no discrepancies in the 

tuning within, and between, classes of pitch, that is, the intonation of the sung note 

matches the harmonics. 

 

Resultant tones: These are produced when the frequency of the notes of harmonic 

intervals are added together (summation tones), or subtracted from each other 

(difference tones). 

 

SATB: An acronym for choirs comprising sopranos, altos, tenors and basses. 

 

SRB: Singers’ Resource Book (Appendix Q). 

 

Subharmonics: A difference tone that occurs below the lowest sung note. For 

example, 330 Hertz (tenor note) – 220 Hertz (bass note) = 110 Hertz (subharmonic). 

 

Subsidiaries: Subsidiary origins occur as a result of momentary modulations. For 

example, if there is a modulation to the dominant in the key of C major, the note G 

would be considered a subsidiary. 

 

Successive origins: Successive origins occur after established modulations and are 

sequentially labelled , ②, ③, ④, and so forth. For example, the note A would be a 

successive origin after a modulation from D major. If this is the first modulation, A 

would be the secondary origin, ②. If the music then modulated to B minor, the note 

B would be the tertiary origin, ③. 

 

Summation tones: A note resultant from the addition of two others. For example, 

220 Hertz + 440 Hertz = 660 Hertz. 

 

Syntonic comma: Greated (2001, p. 170) defines this as “…the difference between a 

just major 3rd and four just perfect 5ths less two octaves [or a Pythagorean major 3rd], 

which is 21.51 cents.”
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Tone: The sound/timbre of a choir. 

 

Transition: A structural break in a composition. For example, in strophic form, it is a 

gap between verses; in binary form, it is a space between the ‘A’ and ‘B’ sections. 

 

Voice matching: A process by which singers are strategically placed within a section 

of the choir so that the harmonics of their voices align to achieve an optimal blend. 

 

VOORS: Vowel of Origin and Overarching Resonance System. 

 

Zero base: A zero base is used to prevent potential shifts in the overall level of pitch. 

This is achieved by identifying moments when a tuning adjustment can be made so 

that the origin at the end is equivalent to equal temperament.
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CHAPTER 1 

__________________________________ 
 

INTRODUCTION 

The human voice is the most beautiful instrument of all, but it 

is the most difficult to play. 

 

(Richard Strauss, n.d.) 

 

Personal Rationale 

In my youth, I sang with a range of choirs. Some were auditioned, others were 

not. In all contexts, I noticed that conductors would often attempt to correct tuning 

problems in a variety of ways. Looking back, their strategies did not always seem 

systematic and applicable to multiple contexts, or have a long-term effect on 

improving intonation. 

When I started conducting choirs at the age of 17, I tended to resolve tuning 

issues in similar ways to my teachers. As my aural discernment and musicianship 

skills improved with education and experience, I focused even more on enhancing the 

intonation of my choirs, but did not know how to make a long-lasting change. Further, 

I wanted to avoid using reactive hand signs in rehearsals and performances to resolve 

intonation issues, such as pointing to the ceiling to encourage choristers to sing 

sharper, as these could easily have undermined my artistic gestures.  
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Then in 2007, Karen Grylls,2 using a group of singers, presented a seminar at 

the International Summer School in Choral Conducting. She illustrated the differences 

between tuning systems, specifically, just intonation and equal, Pythagorean and 

quarter-comma meantone temperaments. The chords in just intonation seemed to me 

to be the most in tune, most resonant, and in later discussions, also received the most 

positive reactions from the other delegates.  

In 2009, as Music Director of the New Zealand Secondary Students’ Choir 

(NZSSC),3 I decided to conduct an informal exploration of just intonation. I worked 

on this intermittently and observed a positive effect on the choir’s tuning, but my 

teaching approach lacked rigour and an in depth understanding of just intonation. 

The project, reported in this thesis, evolved from this initial investigation with 

NZSSC, and has been undertaken to find a long-term solution to the problem that all 

choirs, even the best ones, are challenged by –  poor, inconsistent, or unreliable 

intonation. 

The Problem 

Telfer (2000, p. 5) states that “even singers with good general intonation have 

occasional problems.” However, poor choral intonation is an unacceptable 

phenomenon as it can affect the listeners’ perceptions of a performance and a choir. 

Votaw (1931, p. 50) reinforces this when he argues that “true intonation is the largest 

factor in acceptable choral singing. Without it, the finest tonal picture, the most 

perfect interpretation, the purest vowel formation, the clearest enunciation of 

                                                           
2 Dr. Karen Grylls, ONZM, is Associate Professor at the University of Auckland where she lectures in 

choral studies and conducting. She is Artistic Director of Choirs Aotearoa where she directs New 

Zealand’s premier choir, Voices New Zealand Chamber Choir. 
3 NZSSC was established for secondary (senior high school) students by Dr. Guy Jansen and Roger 

Stevenson in 1985. Choristers are selected by nationwide auditions for a two-year cycle. 
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consonants, the most skilful baton technique, count for naught.” Telfer (2000, p. 5) 

also argues that “…intonation problems can eat away at the pleasure the audience 

would normally experience…” 

It became apparent to me that many conductors employ a range of generic 

solutions in their attempts to correct intonation problems. Instructions like ‘widen 

ascending intervals and narrow descending intervals’ and ‘use a brighter /a/4 vowel on 

this note’ are often heard during rehearsals. Suggestions such as these are also evident 

in the literature on choral pedagogy. For example, Marvin (1991, p. 30), Pfautsch 

(1973, p. 83) and Roe (1970, p. 121) all give advice about the intonation of 

descending and ascending intervals, while Smith & Sataloff (2013, p. 274) are 

sceptical of these types of short-term suggestions. Jordan & Mehaffey (2001, pp. ix, 

xiv) propose a pedagogical approach as a long-term solution to correcting intonation 

issues.  

Reasons for the Problem 

Good intonation is a difficult process for many conductors to teach, and 

Marvin (1991, p. 27) explains that “of all the challenges of the choral art, achieving 

good intonation is probably the most elusive.”  

Tuning the voice is difficult because within its finite range there is an infinite 

number of possible intonations of each note. Researchers Nowitzky (2001)5, Howard, 

Daffern, & Brereton (2013, p. 142) and Swan (1973, p. 34) all discuss the range of 

tuning possibilities available to singers.  

                                                           
4 The text contained within the slashes is pronounced according to the International Phonetic Alphabet 

(IPA). 
5 This web page is no longer accessible. 
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For chords to be perfectly in tune in unaccompanied6 singing, they should be 

pitched according to their vertical harmonic context. As a result, there may be more 

than one intonation of each note. For example, in bar 1 of Figure 1, the soprano F-

natural (beat 4) should be sharper than the tenor (beat 2). Similarly, the tenor A-

natural (beat 4) should be sharper than the bass (beat 2). Alternative tunings of notes 

will be discussed more fully in Chapter 3. 

 

Figure 1. Different intonations of the notes F and A. 

Determining how a note should be tuned may be challenging for conductors if 

they have a limited understanding of tuning systems. Skelton (2005, p. 29) classifies 

intonation issues into three categories: (1) “environmental and easy-to-fix problems”, 

(2) “vocal production and pedagogy”, and (3) “the science and art of good 

intonation”. Within the third category, he refers to the “limited understandings of 

                                                           
6 The word ‘unaccompanied’ is used in this research as the more common term ‘a cappella’ can be 

misleading as it “…literally means ‘as in the chapel’…” (Greig, 1995, p. 139). Barbour (1953, p. 199) 

mentions that in the sixteenth-century, “a cappella meant simply the absence of independent 

accompaniment, not of all accompaniment,” and Clark (1969, p. 29) supports this view by stating that 

“…available evidence leads to the conclusion that a cappella music was only sometimes 

unaccompanied.” 
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tunings and temperaments”. Covey-Crump (1992, p. 1031) also mentions the gaps 

that exist in the understanding of musical temperaments among conductors and 

choristers, and Howard et al (2013, p. 135) state: 

Whilst choral directors often focus on aspects of tuning when 

rehearsing ensembles, the lack of a thorough understanding of 

how tuning systems work can affect an overall tendency for the 

underlying pitch of the piece to change during the course of a 

piece of music (pitch drift) which can cause confusion in the 

development and aim of accurate tuning in choirs. 

Further, conductors and choristers may not have the aural skills to hear minute 

discrepancies in pitch. A conductor has to be able to hear a tuning problem, diagnose 

its cause, and then offer a practical solution. Jordan (1987, p. 9) emphasises this when 

he states that “…it is crucial that the conductor understand how he hears intonation, 

so that he can teach that hearing process to his singers.” These skills are also 

necessary for choristers, and Roe (1970, p. 123) stresses that “the student who is not a 

good enough musician…will have many intonation problems that would be absent if 

this musicianship were present.” Ehmann (1968, p. 41), Hansen (1964, p. 85), 

Howard (2007, pp. 300-301), Howard et al (2013, p. 136), Marvin (1991, p. 28), 

Pfautsch (1973, p. 78), Powell (1991, p. 40), Telfer (2000, p. 12), Votaw (1931, p. 53) 

and Wine (2004, p. 24) all mention the need for a high level of musicianship among 

choristers. Singers of all levels are capable of improving their musicianship skills, and 

tuning is an important aspect of this. 

There is a tendency for conductors to rely on the piano to verify intonation 

during rehearsals. This is problematic as the piano cannot render different tunings of 
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notes. Its fixed temperament can also limit the development of aural skills and corrupt 

the practice of singing precisely in tune. Norden (1953, p. 23) states: 

Fine pitch discrimination has been lost. A cappella music being 

based upon the natural laws of the universe, brings us nearer to 

the Center [sic], or God. It is not man-altered: it is based upon 

eternal, unchanging laws. For this reason it has a beauty and a 

charm that are unchallengeable.  

Although Norden’s statement appears somewhat theological, it has relevance 

in the secular context of choral intonation. 

Just Intonation: A Partial Solution to the Problem 

In this research, just intonation is used as a tool to enhance choral intonation 

and is offered as a partial solution to poor tuning in unaccompanied singing. Barbour 

(1937, p. 11), in writing about just intonation, states that “…it properly means singing 

or playing in tune…” and Montegu (2014, para. 1) regards just intonation as the 

pinnacle of perfect tuning.  

The just intonation of a note can be achieved by either matching its intonation 

to a corresponding audible harmonic7 of its root, or tuning it in such a way that it 

forms a natural ratio with the root. Duffin (2007, p. 21) defines the sequence of 

natural harmonics and ratios as “the harmonic series...an acoustical phenomenon 

consisting of a sequence of pitches that is related to a lower pitch.” Skelton (2005, p. 

40) mentions that “although the natural harmonic series is fundamental to the basics 

of music theory, today it is often overlooked or underplayed in practical application.”  

                                                           
7 Harmonics are additional notes that are produced above a sung or played fundamental pitch. 
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While there is an infinite number of harmonics, the intonations of the first 

sixteen are the most significant in tuning tonal music. In an article on the harmonic 

series, Anderson (1985, pp. 5-6) emphasises the first sixteen harmonics. The most 

useful harmonics in a choral context are highlighted in a different colour in Figure 2, 

and summarised in Table 1. 

 

Figure 2. The intonations (as cents8) of the first sixteen harmonics of C. 

Table 1. Useable Harmonics in a Choral Context 

Useable Harmonics in a Choral Context 

HARMONIC NUMBERS 
(H) 

INTERVAL 
JUST INTONATION 

(as cents) 

H1, H2, H4, H8 & H16 Perfect unison/octave 0 

H3, H6 & H12 Perfect fifth 702 

H5 & H10 Major third 386 

H9 Major second 204 

H15 Major seventh 1088 

 

                                                           
8 In this research, cent values are used to represent the intonation of notes as these are generally easier 

for conductors and choristers to comprehend than Hertz or ratios. There are 1200 cents in an octave and 

100 in an equally-tempered semitone. For clarity, cent values are rounded so there are no decimal 

places, and values greater than 1200 are reduced so that they are within an octave range, that is, octave 

displacements are omitted. For example, a major ninth is written as 204 cents, rather than 1403.9, as its 

intonation is equivalent to a major second. Also, differences of one cent are regarded as insignificant, 

for example, 315 cents and 316 cents are considered to be the same intonation. 
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Canright (1987, p. 8) states: 

…The most common just intervals are found among the lowest 

harmonics. As one goes farther [sic] up the series one finds 

more exotic intervals, until at some point the new intervals are 

no longer musically meaningful. 

Further, Anderson (1985, p. 5) observed that “the prime numbers [harmonics with 

prime numbers] from 11 through 19 have received only tentative examination by 

composers in Just Intonation, and the primes above 19 are virtually unexplored.” 

A monochord, such as the one shown in Figure 3, can be used to demonstrate 

the useable natural ratios of harmonics and their intonations. 

 

Figure 3. A monochord. 

Latham (2002, p. 792) describes a monochord as “a string stretched between 

two fixed bridges or nuts over a calibrated rule on a long, narrow soundbox, used for 

measuring intervals and demonstrating their theory, for tuning other instruments, and 

as an instrument in its own right.” Haynes (1991, p. 362) gives evidence to suggest 

that both Leopold Mozart and Johann Joachim Quantz were advocates of using a 

monochord to teach intervals, which suggests that teaching of tuning systems was 

important during this period. 
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The best manner of escape from [poor intonation] is the 

monochord, on which one can clearly learn the intervals. Every 

singer and instrumentalist should become familiar with its use. 

They would thereby learn to recognize minor semitones much 

earlier as well as the fact that notes marked with a flat must be 

a comma higher than those with a sharp in front of them. 

Without these insights one is obliged to depend entirely on the 

ear, which can however deceive one at times. Knowledge of the 

monochord is required especially of players of the violin and 

other stringed instruments, on which one cannot use the 

placement of the fingers as an exact guide, as one can on wind 

instruments. (Quantz, 1752, as cited by Haynes, 1991, p. 362) 

Leuba (2004, p. 4) explains that by changing the length of a sound source, 

such as a string, the notes of the harmonic series can be created. Therefore, a 

monochord can be used to demonstrate the first six natural ratios of harmonics and 

their intonations (as cents) for the note C (Figure 4). 

 

Figure 4. The natural ratios and intonations (as cents) of the first six harmonics of C. 
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While just intervals occur harmonically, Figure 4 shows that they also occur 

melodically between neighbouring notes of the harmonic series. For example, there is 

a perfect fourth between the third and fourth harmonics, and a minor third between 

the fifth and sixth. Anderson (1985, p. 5) mentions that “not only are the harmonics 

related to the fundamental by just intervals, but the interval between any pair of 

harmonics of a given note is an easily calculable just ratio.” 

The monochord, in Figure 5, has two strings of equal length where string 1 

represents the fundamental note, and there is a ratio of 1:1 between them. When 

played together, string 2 is in perfect unison with string 1, and the intonation of both 

is 0 cents (Table 2). 

 

Figure 5. The position of a perfect unison on a monochord. 
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Table 2. The Intonation of Useable Harmonics from a Fundamental Note 

The Intonation of Useable Harmonics from a Fundamental Note 

STRING 
LENGTH 

RATIO 
HARMONIC 
NUMBERS 

(H) 
INTERVAL 

JUST 
INTONATION 

(as cents) 

1/1 1:1 1 Perfect unison 0 

1/2 2:1 2, 4, 8 & 16 Perfect octave 1200 (0) 

2/3 3:2 3, 6 & 12 Perfect fifth 702 

3/4 4:3 - 
Perfect fourth 

(between H3 & H4) 
498 

4/5 5:4 5 & 10 Major third 386 

5/6 6:5 - 
Minor third 

(between H5 & H6) 
316 

8/9 9:8 9 Major second 204 

9/10 10:9 - 
Narrow major second 
(between H9 & H10) 

182 

15/16 16:15 15 Major seventh 1088 

 

When string 2 is halved using a bridge, as in Figure 6, there is ratio of 2:1 

between the two strings. When played together, string 2 is a perfect octave higher, and 

its intonation matches the first, second, fourth, eighth and sixteenth harmonics of 

string 1, that is, 1200 (0) cents (Table 2). 

 

Figure 6. The position of a perfect octave on a monochord. 

When string 2 is altered so that it is two-thirds the length of string 1, as in 

Figure 7 (right hand side of the bridge), there is ratio of 3:2 between the two strings. 

When played together, string 2 is a perfect fifth higher, and its intonation matches the 

third, sixth and twelfth harmonics of string 1, that is, 702 cents (Table 2). 
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Figure 7. The position of a perfect fifth on a monochord. 

When string 2 is altered so that it is three-quarters the length of string 1, as in 

Figure 8 (right hand side of the bridge), there is a ratio of 4:3 between the two strings. 

When played together, string 2 is a perfect fourth higher, and its intonation is resultant 

from the melodic distance between the third and fourth harmonics (Figure 4), that is, 

498 cents (Table 2). 

 

Figure 8. The position of a perfect fourth on a monochord. 

When string 2 is altered so that it is four-fifths the length of string 1, as in 

Figure 9 (right hand side of the bridge), there is a ratio of 5:4 between the two strings. 

When played together, string 2 is a major third higher, and its intonation matches the 

fifth and tenth harmonic of string 1, that is, 386 cents (Table 2).
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Figure 9. The position of a perfect major third on a monochord. 

When string 2 is altered so that it is five-sixths the length of string 1, as in 

Figure 10 (right hand side of the bridge), there is a ratio of 6:5 between the two 

strings. When played together, string 2 is a minor third higher, and its intonation is 

resultant from the melodic distance between the fifth and sixth harmonics (Figure 4), 

that is, 316 cents (Table 2). 

 

Figure 10. The position of a perfect minor third on a monochord. 

Figure 11 is a graphic representation of the natural ratios and harmonics 

described to this point.  
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Figure 11. Natural ratios and harmonics. Reprinted and adapted from Harmonic 

Series (Music), 2008. Retrieved from 

https://en.wikipedia.org/wiki/Harmonic_series_(music). Public domain.  

 

Table 2 shows that there are two intonations for the major second: 204 cents (a 

ratio of 9:8) and 182 cents (a ratio of 10:9). In this research, a ratio of 9:8 (204 cents) 

is used to tune major seconds as it corresponds with an overtone of the harmonic 

series (H9) and is not resultant from the melodic distance between two harmonics. 

Four of the first sixteen harmonics (coloured in black in Figure 2) are not 

useful in a choral context as they produce unsatisfactory results. The seventh and 

fourteenth harmonics, with a ratio of 7:4, are 31 cents flatter than their equally-

tempered equivalents, approximately a third of a semitone (Harmonic series (music), 

2008). The eleventh harmonic, with a ratio of 11:8, is 49 cents flatter than its equally-

tempered equivalent, approximately half a semitone (Harmonic series (music), 2008). 

Finally, the thirteenth harmonic, with a ratio of 13:8, is 41 cents sharper than its 

equally-tempered equivalent, approximately half a semitone (Harmonic series 

(music), 2008).  
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In a justly-tuned C major chord (Figure 12) the perfect fifth is tuned to the 

third harmonic of the C root, and the major third to the fifth harmonic (Figure 13). 

When this occurs, there are no beats and the sound is perceived as in tune. 

 

Figure 12. C major chord. 

 

Figure 13. The intonations (as cents) of the first six harmonics of C. 

Beats occur when different intonations of a pitch class sound simultaneously. 

Norden (1936, p. 219) states that “beats are caused by interference between sound 

waves…” Hagerman & Sundberg (1980, p. 3) and Howard (2007, p. 302) also 

emphasise the importance of avoiding beats so that good intonation can be attained. 

Greated (2016, para. 1) explains that “the number of beats per second equals the 

difference in frequency between the two notes…” Figure 14 illustrates the resultant 

beat pattern (coloured in green) between two hypothetical notes (coloured in red and 

blue). 
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Figure 14. The beat pattern between two hypothetical notes. Reprinted from 

Interference and Beats. Retrieved from 

http://www.physicsclassroom.com/class/sound/Lesson-3/Interference-and-Beats. 

Working on detail on intonation can lead to the most impressive 

sounds and sensations in choral singing. When just intervals 

exist in a chord, and when harmonics between pitches coincide, 

the result is pleasing to singers and audience alike. It feels right. 

(Skelton, 2005, p. 43) 

Kardos (2005, p. 35) argues that “every true musician feels these [just 

intervals] to be natural, these relationships exist originally in our hearing, and in 

reality it is the apparently simpler, even, round cent-values of the tempered [scale] 

which are the abstract, complicated and artificial. Skelton (2005, p. 41) supports this 

by stating that tuning justly is natural for choristers. Moreover, Howard (2007, p. 91) 

conducted an experiment where he discovered that choristers have a natural 

inclination to tune using just intonation. He used electrolaryngographs to collect data 

on the tuning of each member of an SATB9 quartet as they sang an extract of his 

                                                           
9 SATB is an acronym for soprano, alto, tenor and bass. 
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music. Each singers’ tuning was then compared to equal temperament and just 

intonation. He concluded that “singers in a capella [sic] choirs appear to prefer to sing 

in just intonation…” (Howard, 2007, p. 93). In his article “Cracking a Centuries-Old 

Tradition”, Duffin (2014, pp. 44-48) reports how quickly he was able to attain just 

intonation when he was guest conductor of the choirs of King’s College and St. 

John’s College in Cambridge, England. 

Jordan & Shenenberger (2004, p. 14) provide evidence to suggest that the 

presence of harmonics, the intonation resultant from simple ratios, and consonance, 

have a positive impact on the neurological patterns of the brain: “Dissonant 

combinations of notes produce erratic neurone response, but concordant combinations 

(consonant harmonies) cause the neurones to fire at regular intervals.” They go on to 

say that “…higher frequencies…capture our attention, turn our focus outward, and 

provide detailed information for the brain” (p. 15). Further, Tramo, Cariani, Delgutte, 

& Braida (2001, p. 92) have completed longitudinal studies on the impact of harmony 

on the nervous system. They concluded that “distinctive acoustic features of 

consonant and dissonant intervals are translated into distinctive patterns of neural 

activity.” 

While just intonation has been shown to be a useful tool in the enhancement of 

choral tuning, none of the existing methodologies appear to systematically and 

comprehensively teach this system to choirs. Ternström & Sundberg (1988, p. 59) and 

Delvaux & Howard (2013, p. 3417) reveal a void in research on choral tuning, 

moreover, Jordan & Mehaffey (2001, p. 2) state that “…little has been written 

concerning the pedagogy of teaching intonation. Much has been written concerning 

the temporary adjustment of intonation, but little on how to build intonation skills 

within the confines of the choral ensemble rehearsal.” There are also other limitations 
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with the current methodologies, and complexities associated with their 

implementation. For example, Kardos (2005, pp. 37-68), Kodály (1941, as cited by 

Kontra, 1995, p. 1) and Jordan & Mehaffey (2001, pp. 8-9, 27) utilise tonic sol-fa in 

their approaches. The use of sol-fa syllables can compromise just intonation, 

particularly when different syllables are sung simultaneously, as there may be 

discrepancies between vowel resonances. Moreover, a number of methodologies are 

not in English and are therefore inaccessible to most English-speaking choirs and their 

conductors. For example, Bettina Gratzki’s book Die Reine Intonation im Chorgesang 

(1993) is in German and there is currently no English translation. 

Research Aim 

The aim of this research has been to develop a curriculum10 and pedagogy11 to 

employ just intonation as a tool for enhancing the intonation in unaccompanied choral 

singing. This involved an approach to learning in which the skills were developed 

systematically, and progress was measured incrementally using an assessment rubric. 

This curriculum and pedagogy will be explained in Chapter 3, including an 

explanation of how it was created. It is my hope that this teaching and learning model 

will become part of choral pedagogy, be useful for conductors, choristers and music 

educators in general, and assist with solving tuning problems in choirs. 

                                                           
10 In this thesis, the ‘curriculum’ is defined as the content of what is taught to choristers. 
11 In this thesis, ‘pedagogy’ is defined as the way in which the content of the curriculum is taught to 

choristers. 
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Implementation of the Approach 

The curriculum and pedagogy was implemented with NZSSC and the 

University of Canterbury Chamber Choir (Consortia) using a single-case study model 

which will be described in Chapter 4. Auditioned secondary (senior high school) and 

tertiary (university) level SATB choirs (approximately ages 15-25), are an important 

part of the context for this investigation because choristers of this age and background 

generally have the technical and musical aptitudes to learn to sing in just intonation.  

Evaluation of the Approach 

Data was collected in relation to the effectiveness of the curriculum and 

pedagogy to teach NZSSC and Consortia to sing in just intonation. Multiple sources 

of evidence were used, and the results are presented, analysed and discussed in 

Chapter 5. Moreover, recommendations are made for future implementations of the 

approach in Chapter 6. The thesis concludes with a consideration of the implications 

of this research for choral pedagogy. 

  



ENHANCING CHORAL INTONATION  Volume 1: Thesis 

20 
 

CHAPTER 2 

__________________________________ 
 

REVIEW OF THE LITERATURE AND RELATED STUDIES 

…Little has been written concerning the pedagogy of teaching 

intonation. Much has been written concerning the temporary 

adjustment of intonation, but little on how to build intonation 

skills within the confines of the choral ensemble rehearsal. 

 

(Jordan & Mehaffey, 2001, p. 2) 

The Purpose 

The purpose of undertaking a literature review was to: 

1. Confirm and synthesise the reasons why choral pedagogues think choirs sing 

out of tune, and the suggestions they offer to solve intonation problems. 

2. Determine whether just intonation features as a solution to the problem. 

3. Describe just intonation and examine its suitability for tuning most 

unaccompanied tonal choral music. A description and examination of just 

intonation has been incorporated into the literature review in an attempt to 

avoid unnecessary repetition. 

4. Discover whether there is a thorough, tried and tested approach to teach just 

intonation to choirs.  

The Review Process 

Articles, from a range of journals (Table 3) were summarised and evaluated in 

response to the first three parts of this review:
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1. The reasons why choirs sing out of tune. 

2. The solutions offered to overcome tuning problems. 

3. The arguments for and against the use of just intonation and temperaments in 

unaccompanied choral singing. 

4. Existing curricula, pedagogical approaches and tools used to teach tuning and 

just intonation to choirs. 

Table 3. Journals 

Journals 

1/1: The Quarterly Journal of the Just Intonation Network 

Annals New York Academy of Sciences 

Bulletin of the American Choral Foundation 

Bulletin of the American Musicological Society 

Bulletin of the Council for Research in Music Education 

Canadian Music Educator 

Early Music 

Early Music America 

International Journal of Music Education 

International Journal of Research in Choral Singing 

Journal of the American Musicological Society 

Journal of Research in Music Education 

Journal of Research in Singing 

Journal of Voice 

Logopedics, Phoniatrics, Vocology 

Music and Letters 

Music and Practice 

Music Educators’ Journal 

Music Supervisors’ Journal 

Music Theory Online 

NATS Journal of Singing 

Organ Institute Quarterly 

Speech Transmission Laboratory: Quarterly Progress and Status Report 

The American Journal of Science and Arts 

The Choral Journal 

The Journal of the Acoustical Society of America 

The Musical Quarterly 

The Musical Times 

The World of Music 
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Each source was summarised and evaluated using a spreadsheet, and given a 

rating for its relevance to this research, ‘A’ being highly relevant, and ‘E’ being 

irrelevant. Strengths and limitations were also considered, and trends identified 

between sources.  

The most relevant journals to this study were The Choral Journal, published 

by The American Choral Directors’ Association, and 1/1: The Quarterly Journal of 

the Just Intonation Network, published by Other Music. All available copies of 1/1: 

The Quarterly Journal of the Just Intonation Network were purchased and perused as 

part of this process. 

The fourth part of the review (stated on p. 20) was undertaken by summarising 

and evaluating the following sources: 

 Choral Ensemble Intonation Teaching Procedures, a video recording 

presented by James Jordan and Michael Mehaffey (2001). 

 “Just Intonation in Renaissance Theory and Practice”, in Music Theory Online, 

by Ross Duffin (2006). 

 Intonation and Vocal Training in Choir: Three Studies, by Pál Kardos (2005). 

 Let Us Try to Sing Correctly: Training for Singing in Parts, by Zsuzsanna 

Kontra (1995). 

 Choral Intonation, by Per-Gunnar Alldahl (2008). 

 Choral Ensemble Intonation: Method, Procedures & Exercises, by James 

Jordan and Michael Mehaffey (2001). 
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 Ear Training Immersion Exercises for Choirs: A Companion to Choral 

Ensemble Intonation, by James Jordan and Marilyn Shenenberger (2004). 
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Reasons for Intonation Problems in Choirs 

The literature on choral pedagogy that was reviewed as part of this research, 

shows that a multitude of reasons are put forward to account for why choirs sing out 

of tune. These are summarised in Table 4, and the number of sources in which each of 

these reasons appear is presented in Appendix A12.  

Table 4. Reasons for Intonation Problems in Choirs 

Reasons for Intonation Problems in Choirs 

REASONS NUMBER OF SOURCES 

Inadequate vocal technique 15 

Singers’ attitude and behaviour  14 

Difficulties with musical elements presented in 
the notation, for example, tempo and dynamics 

13 

Text: poorly produced vowels or consonants 12 

Certain scale degrees and intervals 11 

Health and physical issues of singers 10 

Rehearsal environment and dynamic 9 

Aural issues 6 

Unhelpful acoustics 5 

Difficulty of the repertoire 5 

Over reliance on the piano 4 

Placement of the singers 4 

Competency of the singers 3 

Under-prepared singers 3 

Weak sense of rhythm and tempo 3 

Saturation and “diminishing returns” 3 

Balance issues 2 

Incorrect classification of voices 2 

Voice leading issues, such as crossing of parts 2 

Succession of pieces in concerts 2 

Deficient theoretical knowledge 1 

Insufficient knowledge of temperaments 1 

Conductor’s attitude and behaviour 1 

Musical competency of the conductor 1 

Unhelpful conducting gestures 1 

Under-prepared conductor 1 

 

                                                           
12 Appendices are in Volume 2. 
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Solutions to Intonation Problems in Choirs 

In the literature that was reviewed, a range of solutions is offered to overcome 

intonation problems (Table 5). The number of sources in which each of these 

solutions appear is presented in Appendix B. 

Table 4 illustrates that among the multitude of reasons put forward to account 

for why choirs sing out of tune, insufficient knowledge of tuning systems is only 

mentioned once. However, the use of tuning systems features prominently as a 

solution to intonation problems (Table 5). It is specifically mentioned by Alldahl 

(2008, pp. 16, 26-27, 29, 33, 49), Covey-Crump (1992, pp. 1022, 1031, 1035, 1037), 

Havrøy (2013, para. 4, 5, 8), Howard (2007, p. 93), Howard et al (2013, pp. 135-136), 

Kontra (1995, p. 3), Norden (1936, pp. 218-220, 232; 1953, p. 22), Pierce (1924, p. 

330), Skelton (2005, pp. 40-43) and Thompson (1863, p. 47), and this will be 

discussed in the next section. Researchers Ehmann (1968, pp. 46, 76), Marvin (1991, 

p. 29), Quinn (1996, p. 9), Swan (1973, pp. 34, 45) and Ternström & Sundberg (1982, 

p. 76; 1988, p. 64) allude to just intonation, but do not specifically mention its use. 
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Table 5. Solutions to Intonation Problems in Choirs 

Solutions to Intonation Problems in Choirs 

SOLUTIONS NUMBER OF SOURCES 

Focus on text 20 

Use tuning systems 17 

Teach vocal technique  16 

Develop listening skills 14 

Build singers’ knowledge and awareness 14 

Voice match singers 12 

Change something 11 

Teach intervals 6 

Use tonic sol-fa or Solfège 5 

Focus on resonance 5 

Strategically use the piano  4 

Ensure accuracy 4 

Balance chords and vocal lines 4 

Sing in unison 3 

Hear, and tune to, harmonics 2 

Audition singers 2 

Choose appropriate repertoire 2 

Manage the rehearsal environment and 
dynamic 

2 

Acoustics 2 

Attitude of the singers 2 

Isolate problematic areas in the music 2 

Use articulation or dynamics 2 

Use tempered keyboards 2 

Self-regulate intonation 2 

Conduct with helpful gestures 2 

Annotate certain intervals 1 

Attitude of the conductor 1 

Use exercises 1 

Sing homophonic music 1 

Maintain the tempo 1 

Avoid saturation 1 

Sing unaccompanied 1 

Promote learning the music 1 

Work on the sense of ensemble 1 

Sing with numbers 1 

Sing on one vowel sound 1 

Use motion 1 

Feel correct intonation 1 
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References to Just Intonation 

Helmholtz (1877, as cited by Howard, 2007, p. 303), Howard (2007, p. 93) 

and Kontra (1995, p. 3) advocate the use of just intonation in choral contexts. 

Moreover, Norden (1936, pp. 218-219, 232; 1953, p. 22) and Thompson (1863, p. 47) 

refer to the corrupting influence of temperament on the development of just 

intonation. Norden (1936, pp. 218-219) states that: “it is easy to sing any of them 

[intervals] in just intonation, and, had our ears not been dulled by temperament, we 

would always sing them thus when left to our own initiative.” Both Norden and 

Thompson seem to be inferring that choristers need to develop a theoretical 

understanding of just intonation.  

Alldahl (2008, p. 29) includes just intonation as an option alongside 

temperaments. He maintains that its use is more appropriate in some contexts (p. 16) 

for music that is harmonically straightforward (p. 33), and for compositions that 

utilise sustained notes (p. 26), and slower tempi (p. 26). Havrøy (2013, sections 4, 5, 

8) reports that the vocal group, Neue Vocalsolisten Stuttgart, seem to use different 

tuning systems. Pierce (1924, p. 330) also argues against using just intonation for 

livelier music. Alldahl (2008, p. 49) advocates the use of equal temperament for 

atonal and serial compositions. This seems appropriate as the hierarchical nature of 

just intonation conflicts with the conception of atonal and serial music where no pitch 

is superior to any other. The work I undertook with NZSSC prior to the 

commencement of this research does suggest that it is possible to render harmonically 

complex tonal music, and compositions with quick tempi, in just intonation. A 

heterogeneous approach where different tuning systems are employed for different 

sections of a composition, or between compositions, could easily become 

overwhelming for conductors, choristers and the audience. 
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 Like Alldahl, Covey-Crump (1992) argues that temperaments are more 

desirable in some contexts, such as Pythagorean for linear passages (p. 1037), but 

overall, he is an advocate for just intonation and states that “good unaccompanied 

singing tends towards just intonation” (p. 1035). He mentions that just intonation is 

not often achieved as choristers are surrounded with equal temperament (pp. 1022, 

1035) and have a lack of understanding of tuning systems (p. 1022). Ehmann (1968, 

p. 76) mentions that “a good ‘listening’ choir does not sing with the tempered tuning 

of a mechanical keyboard instrument…” Another advocate of just intonation, Skelton 

(2005, p. 40), mentions a lack of reference to the harmonic series, which is essential 

in the teaching of music theory and just intonation. In some settings, it is possible to 

obtain a music degree without having an understanding of the acoustics of sound. As 

discussed in Chapter 1, I was unaware of the effects of different tuning systems prior 

to Karen Grylls’ demonstration at the International Summer School in Choral 

Conducting.  

 Howard et al (2013, p. 135) also refer to a lack of knowledge of tuning 

systems among musicians. They advocate the use of just intonation and emphasise the 

importance of developing choristers’ aural awareness to be able to tune using this 

system: “To achieve this [just intonation], good listening skills must be encouraged in 

individual singers to ensure relative pitching with each of the other singers” (p. 136). 

This is a position supported by Norden (1936, p. 220). He explains the importance of 

choristers listening for an absence of beats in the sound to confirm that they have 

reached the correct just intonation of a note. This is an essential skill, and coupled 
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with pictorial prompts that have been created as part of this research (AWJITS)13, 

should enable choristers to sing in just intonation more easily. 

 While just intonation is mentioned by several researchers, there is some 

divergence of opinion as to its use. There also does not appear to be a tried and tested 

curriculum and pedagogical approach for teaching choirs to sing reliably and 

consistently in tune. In contrast, there are many approaches offered to correct text 

issues, teach vocal technique and develop listening skills. 

Barbour (1953, p. 10) summarises several musical temperaments in his book 

Tuning and Temperament, a Historical Survey; this thesis will focus on “…the Big 

Four…” (p. 10), that is just, equal, quarter-comma meantone and Pythagorean. All 

temperaments are derivatives of just intonation; Norden (1953, p. 23) explains that 

just intonation “…is not man-altered: it is based upon eternal, unchanging laws.” 

Duffin (2007, p. 31) mentions that it is likely that temperaments evolved in the 

fifteenth-century to accommodate the increasing use of thirds in compositions. 

Barbieri & Mangsen (1991, p. 69) provide evidence that just intonation was 

regularly used until the mid-1700s: “…violinists of all schools, at least until the 

middle of the 18th century, played in just or in mean-tone intonation…” It is likely 

that just intonation was applied equally to choral performance. Alldahl (2008, p. 33) 

implies that just intonation seems appropriate for unaccompanied music written in the 

twelfth to seventeenth centuries when he states that “perfect, non-beating, triads may 

be an ideal to strive for in a cappella singing – with “free” intonation – especially in 

older music from the Renaissance and Baroque.” Since the evolution of equal 

                                                           
13 AWJITS is an acronym for Andrew Withington’s Just Intonation Tuning Symbols and will be 

explained in Chapter 3, pp. 64-67. 
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temperament, there has been a decline in the use of just intonation. Camille Saint-

Saëns was candidly critical of the introduction of the piano and its influence on the 

prevailing tuning practices of the period. 

Who, in our epoch, has not undergone the powerful influence 

of the piano?...With the day that the “temperament” in tuning 

had brought about synonymous-ness of flats and sharps, and 

allowed the free use of all tonalities, the spirit of the keyboard 

entered the world; that spirit has become a devastating tyrant of 

music by propagating the heretical enharmonic system. 

Practically all modern music has sprung from that heresy: it has 

been too fecund to deplore it; but a heresy it remains, 

nevertheless, destine [sic] to disappear on a probably distant 

and fatal day, as a result of the same evolution that gave it birth. 

(Saint-Saëns, n.d., as cited by Norden, 1936, p. 228) 

Isacoff (2002, pp. 4-6) explains that within many professions there was 

significant resistance regarding the establishment of equal temperament because of its 

effects on the aesthetics of music. He states that “…critics claimed the resulting music 

had been robbed of its beauty and emotional impact…” Isacoff (2002, p. 229) 

mentions that these arguments are still prevalent today due to a revival of intonation 

systems of the past. Gann (2016, section 3) provides evidence of the revival of just 

intonation when he mentions that some composers specifically wrote music for its 

use. For example, Harry Partch in his composition Eight Hitchhiker Inscriptions from 

a Highway Railing at Barstow (2000). 
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Many writers on choral music suggest that just intonation is the system of 

choice for tuning unaccompanied singing, however, some of their justifications may 

seem subjective. Averill (1999, p. 49) mentions its perfection, Covey-Crump (1992, p. 

1030) its communicative possibilities, Mayer (1964, p. 190) its beauty, Norden (1936, 

p. 220) its glory, Pierce (1924, p. 326) its purity, Skelton (2005, p. 43) its feeling and 

Thompson (1863) its “expressive qualities” (p. 47). 
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Just Intonation: A Tool for Tuning Unaccompanied Choral Music 

In Chapter 1, just intonation was offered as a partial solution to solving 

intonation problems in choirs. The purpose of this section is to examine the key 

features of just intonation and compare them with equal, quarter-comma meantone 

and Pythagorean temperaments. This examination will begin with a continuation of 

the discussion on the just ratios of the harmonic series, and their intonations. 

Harmonics, resultant summation and difference tones, and beats will also be 

considered. 

Just Ratios and Intonations 

A list of the most commonly accepted just ratios, and their intonations14, is 

presented in Table 6, and compared to equal temperament. In the research process, it 

was useful to memorise these cent values so that the just intonation of chords could be 

calculated quickly from the root. The calculation process will be explained in Chapter 

3.

                                                           
14 The just ratios, and their intonations (as cents), are in the public domain. 
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Table 6. Comparison of Commonly Used Just Ratios and Intonations with Equal 

Temperament 

Comparison of Commonly Used Just Ratios and Intonations with Equal Temperament 

SCALE DEGREE RATIO 
JUST 

INTONATION 
(in cents) 

EQUAL 
TEMPERAMENT 

(in cents) 

DIFFERENCE 
 (in cents) 

Perfect unison 1:1 0 0 0 

Diminished second 128:125 41 0 +41 

Augmented unison 25:24 71 100 -29 

Minor second 16:15 112 100 +12 

Major second 9:8 204 200 +4 

Diminished third 144:125 245 200 +45 

Augmented second 75:64 275 300 -25 

Minor third 6:5 316 300 +16 

Major third 5:4 386 400 -14 

Diminished fourth 32:25 427 400 +27 

Augmented third 125:96 457 500 -43 

Perfect fourth 4:3 498 500 -2 

Augmented fourth 45:32 590 600 -10 

Diminished fifth 64:45 610 600 +10 

Perfect fifth 3:2 702 700 +2 

Diminished sixth 192:125 743 700 +43 

Augmented fifth 25:16 773 800 -27 

Minor sixth 8:5 814 800 +14 

Major sixth 5:3 884 900 -16 

Diminished seventh 128:75 925 900 +25 

Augmented sixth 125:72 955 1000 -45 

Minor seventh 16:9 996 1000 -4 

Major seventh 15:8 1088 1100 -12 

Diminished octave 48:25 1129 1100 +29 

Augmented seventh 125:64 1159 1200 -41 

Perfect octave 2:1 1200 1200 0 

 

Generally, just ratios are simple, that is, they consist of comparatively smaller, 

rational numbers. In fact, Nowitzky (2001)15 states that just intonation “…is a more 

mathematically correct and natural tuning system. Notes in this system are spaced 

such that the ratio of their frequencies are equal to simple integer ratios.” Norden 

(1953, p. 20) explains that simple ratios between intervals are more consonant. Missin 

(2004, para. 2) states that by tuning with simple ratios, beats between notes are 

avoided and he compares a major third in just intonation with one tuned in equal 

                                                           
15 This web page is no longer available. 
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temperament. A justly-tuned major third, with a ratio of 4:5, has more consonance 

than its equally-tempered equivalent, which has a ratio of 504:635 because “our 

brains tell us that the first interval is more consonant, simply because it require[s] less 

effort to process than the second one” (para. 2). Table 7 supports this statement by 

showing that the most consonant major thirds are in just intonation and quarter-

comma meantone temperament as there are no beats between pitch classes. The least 

consonant interval is a Pythagorean major third.  

Table 7. Major Thirds in Different Tuning Systems 

Major Thirds in Different Tuning Systems  

TUNING SYSTEM 
MAJOR 
THIRD 

(in cents) 
RATIO 

NUMBER 
OF BEATS 

CONSONANCE 

Just Intonation 386 5:4 0 Most consonant 
 
 
 

 
Least consonant 

Quarter-comma 
Mean-tone 

386 5:4 0 

Equal 400 635:504 10.38 

Pythagorean 408 81:64 16.35 

 

Harmonics 

Most choral directors appear to focus on tuning the fundamental note of 

chords, however, Alldahl (2008, p. 17), Hopkin (1997, pp. 12-13) and Howard et al 

(2013, p. 135) emphasise the importance of tuning to the harmonics instead. “If a 

chord is to sound pure, one should strive to have the partials [harmonics] of the parts 

coincide as much as possible” (Alldahl, 2008, p. 17). Covey-Crump (1992, p. 1032) 

explains that “it is the beating of higher harmonics that cause the rough sound of an 

imperfect interval.” Moreover, researchers Ternström & Sundberg (1988, p. 69) 
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conducted three experiments on intonation. One of their findings was that tuning was 

enhanced by the presence of harmonics. 

A fundamental principle in enhancing choral intonation is that the tuning of 

each note sung by a choir needs to align with the harmonics of the root of the chord. 

For example, in chord I16 of D major (Figure 15), the harmonics of the D root (Figure 

16) should be used to tune the F-sharp and the A. 

 

Figure 15. D major chord. 

 

Figure 16. The intonations (as cents) of the first six harmonics of D. 

By doing this, beats between the sung notes and harmonics are avoided. This 

maximises the consonance of the chord, and thus, enhances the intonation. Many 

conductors focus on tuning the fundamental note, however, Hopkin’s (1997, pp. 12-

                                                           
16 In this thesis, first inversion chords are labelled using the letter ‘b’ (Ib, viib, and so forth), and second 

inversion chords using the letter ‘c’ (Ic, IVc, and so forth). For clarity, root position chords are 

sometimes labelled using the letter ‘a’ (Ia, iia, and so forth). 
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13) research suggests that they need to listen to higher frequencies and tune to the 

harmonics. Howard et al (2013, p. 135) support this when they state that “…matching 

the frequencies of as many of the harmonics in the different notes of the chord as 

possible…” 

Tune-Up Process. 

Norden (1953, p. 22) is an advocate of using just intonation for 

unaccompanied choral singing and he provides some insight into how to approach the 

tuning of chords: “If there is any difficulty, first produce the octave in the 

chord….then add the fifth, and finally the third….This process should be used in 

fundamental position and all inversions.” He also states that “…certain chords within 

the key must be handled correctly if the intonation is to be true and the sense of 

tonality maintained” (p. 18). Howard et al (2013, p. 142) mention the importance of 

tuning chords: 

Tuning notes of chords in a manner that produces a maximally 

consonant result is not trivial because it involves the use of 

relative pitches that are not found on today’s keyboard 

instruments. Achieving this is a skill that requires the 

development of critical listening skills… 

In just intonation, each note of a major chord is tuned to a corresponding 

harmonic of the root, or implied root. For example, in the key of C major, harmonics 

of the note C are used to tune other notes of chord I shown in Figure 17.
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Figure 17. C major chord. 

This C major chord can be tuned using the following process, and is 

demonstrated on track 1, https://youtu.be/xCZtE5bRKGE.17 

1. The intonation of the C is provided by an external source, such as a keyboard 

instrument, monochord, tuning fork, or pitch pipe. Its intonation is 0 cents. 

2. Basses tune the C root to the external source. 

3. Tenors tune the perfect octave to the second harmonic produced by the basses. 

4. Altos tune the perfect fifth G to the third harmonic produced by the basses, 

which is 702 cents. 

5. Finally, sopranos tune the major third E to the fifth harmonic produced by the 

basses, which is 386 cents. 

By tuning a major chord in this way, beats are minimised between the sung 

notes and harmonics, “neighbouring harmonics” as referred to by Howard (2007, p. 

302), as there is mostly only one intonation of each pitch class (Table 8). There are 

two intonations of the notes C (highlighted in red), D (yellow) and F-sharp (green).

                                                           
17 Click on the link to access the track. 

https://youtu.be/xCZtE5bRKGE
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Table 8. Harmonics of a C Major Chord (I) Tuned in Just Intonation 

Harmonics of a C Major Chord (I) Tuned in Just Intonation 

 BASS TENOR ALTO SOPRANO 

 C 
(in cents) 

C 
(in cents) 

G 
(in cents) 

E 
(in cents) 

SUNG NOTE 0 0 702 386 

 

HARMONICS (H) 

H1, H2, H4, H8 
& H16 

0 0 702 386 

H3, H6 & H12 702 702 204 1088 

H5 & H10 386 386 1088 772 

H7 969 969 471 155 

H9 204 204 906 590 

H11 551 551 53 937 

H13 841 841 343 27 

H15 1088 1088 590 274 

 

In contrast, there are a greater number of beats between pitch classes when the 

same chord (Figure 17) is tuned in equal temperament, as shown in Table 9. There are 

two intonations of the notes C (highlighted in red), G (orange) and E (yellow); and 

three intonations of D (green), F-sharp (blue) and B (purple).
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Table 9. Harmonics of a C Major Chord (I) Tuned in Equal Temperament 

Harmonics of a C Major Chord (I) Tuned in Equal Temperament 

 BASS TENOR ALTO SOPRANO 

 C 
(in cents) 

C 
(in cents) 

G 
(in cents) 

E 
(in cents) 

SUNG NOTE  0 0 700 400 
 

HARMONICS (H) 

H1, H2, H4, H8 
& H16 

0 0 700 400 

H3, H6 & H12 702 702 202 1102 

H5 & H10 386 386 1086 786 

H7 969 969 471 169 

H9 204 204 904 604 

H11  551 551  51 951 

H13 841 841 341 41 

H15 1088 1088 588 288 

 

When notes are perfectly in tune, the sound of the interval they 

create is stable and tranquil. When notes are slightly out of tune, 

even the tiniest amount, there is interference between the 

vibrations of the harmonic overtones of the two notes and we 

hear a pulsation. (Duffin, 2007, pp. 29-30) 
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Resultant Tones 

While harmonics are generated above every sung pitch, additional resultant 

tones are also produced above (summation tones) and below (difference tones) when 

notes are combined to form chords. Anderson (1985, p. 6) refers to these as 

“phantom” tones, and Norden (1936, p. 229) states that “when a chorus sings in tune 

in just intonation [in SATB formations], the intervals of the women’s voices create 

difference tones that support the men’s voices, and the lower overtones of the men’s 

voices re-inforce [sic] the women’s tones…” Figure 19 shows the sung notes (in 

black), harmonics18 (in red), summation tones (in blue) and difference tones (in green) 

for an A major chord (Figure 18). 

 

Figure 18. A major chord. 

                                                           
18 Only the first sixteen harmonics for each sung note are illustrated. 
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Figure 19. Sung notes, harmonics, summation and difference tones for an A major 

chord. 
 

Summation Tones. 

Summation tones occur as a result of adding the frequencies of two notes 

together. For example, the perfect fifth between the tenor A and alto E (Figure 18) 

produces a C-sharp summation tone a major sixth above the alto note: 

220 Hertz (tenor A) + 330 Hertz (alto E) = 550 Hertz (summation C-sharp). 

Anderson (1985, p. 6) mentions that these “are more difficult to 

hear…because they exist in a range of frequencies already occupied by the harmonics 

of the parent [sung] notes.” In the four-part A major chord in Figure 18, there are six 

pairs of summation tones, which are shown in Table 10.19 In this justly-tuned A major 

chord, there are no beats between the sung notes and the summation tones as their 

intonations align.  

                                                           
19 Tables 10-17 were constructed with specialised calculators from the following websites: 

https://www.senpielaudio.com/calculator-centsratio.htm, and 

https://www.birdsoft.demon.co.uk/music/notecal.htm  

https://www.senpielaudio.com/calculator-centsratio.htm
https://www.birdsoft.demon.co.uk/music/notecal.htm
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Table 10. Summation Tones for an A Major Chord Tuned in Just Intonation 

Summation Tones for an A Major Chord Tuned in Just Intonation 

  NOTE 1             +              NOTE 2             =             SUMMATION TONE 

Hertz20 Cents Hertz Cents Hertz Cents 

110 
(Bass A) 

0 
220 

(Tenor A) 
0 330 (E) 702 

110 
(Bass A) 

0 
330 

(Alto E) 
702 440 (A) 0 

110 
(Bass A) 

0 
550 

(Soprano 
C-sharp) 

386 660 (A) 702 

220 
(Tenor A) 

0 
330 

(Alto E) 
702 

550  
(C-sharp) 

386 

220 
(Tenor A) 

0 
550 

(Soprano 
C-sharp) 

386 770 (G) 969 

330 
(Alto E) 

702 
550 

(Soprano 
C-sharp) 

386 880 (A) 0 

 

The same A major chord (Figure 18) tuned in equal temperament produces a 

different result. There are two intonations of the note ‘A’ (highlighted in red), three 

intonations of E (yellow) and two of C-sharp (green), as shown in Table 11. 

                                                           
20 Resultant tones are easiest to calculate in Hertz. In this thesis, cents are also included in tables such 

as this as they are the preferred measure of intonation. 
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Table 11. Summation Tones for an A Major Chord Tuned in Equal Temperament 

Summation Tones for an A Major Chord Tuned in Equal Temperament 

  NOTE 1             +              NOTE 2             =             SUMMATION TONE 

Hertz Cents Hertz Cents Hertz Cents 

110 
(Bass A) 

0 
220 

(Tenor A) 
0 330 (E) 702 

110 
(Bass A) 

0 
329.63 
(Alto E) 

700 440 (A) 0 

110 
(Bass A) 

0 
554.37 

(Soprano 
C-sharp) 

400 664.37 (E) 713 

220 
(Tenor A) 

0 
329.63 
(Alto E) 

700 
549.63  

(C-sharp) 
386 

220 
(Tenor A) 

0 
554.37 

(Soprano 
C-sharp) 

400 774.37 (G) 979 

329.63 
(Alto E) 

700 
554.37 

(Soprano 
C-sharp) 

400 884 (A) 8 

 

Difference Tones. 

Leuba (2004, p. 3) explains that a difference tone “…is the difference of the 

frequencies of…two notes…” For example, the perfect fifth between the tenor A and 

alto E (Figure 18) produces an A difference tone an octave below the tenor note: 

330 Hertz (alto E) – 220 Hertz (tenor A) = 110 Hertz (difference A). 

Leuba (2004, p. 4) goes on to say that each pair of notes in a justly-tuned 

chord produces a difference tone, and explains that beats will occur when the 

difference tones do not align with the fundamental notes. This is a similar 

phenomenon to the tuning of the notes of the chords to the harmonics from the root.
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 Depending on the spacing of a chord, difference tones (subharmonics) can 

occur below the lowest sung note. Figure 20 illustrates that a subharmonic (coloured 

in green) occurs an octave below the bass note. 

 

Figure 20. A resultant subharmonic. 

In the four-part A major chord in Figure 18, there are six pairs of difference 

tones, which are shown in Table 12. In this justly-tuned A major chord, there are no 

beats between the sung notes and the difference tones as their intonations align.  

Table 12. Difference Tones for an A Major Chord Tuned in Just Intonation 

Difference Tones for an A Major Chord Tuned in Just Intonation 

  NOTE 2              -             NOTE 1             =             DIFFERENCE TONE 

Hertz Cents Hertz Cents Hertz Cents 

220 
(Tenor A) 

0 
110 

(Bass A) 
0 110 (A) 0 

330 
(Alto E) 

702 
110 

(Bass A) 
0 220 (A) 0 

550 
(Soprano 
C-sharp) 

386 
110 

(Bass A) 
0 440 (A) 0 

330 
(Alto E) 

702 
220 

(Tenor A) 
0 110 (A) 0 

550 
(Soprano 
C-sharp) 

386 
220 

(Tenor A) 
0 330 (E) 702 

550 
(Soprano 
C-sharp) 

386 
330 

(Alto E) 
702 220 (A) 0 
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The same A major chord (Figure 18) tuned in equal temperament produces a 

different result. There are five intonations of the note ‘A’ (highlighted in red) and two 

intonations of E (yellow), as shown in Table 13. 

Table 13. Difference Tones for an A Major Chord Tuned in Equal Temperament 

Difference Tones for an A Major Chord Tuned in Equal Temperament 

  NOTE 2              -             NOTE 1             =             DIFFERENCE TONE 

Hertz Cents Hertz Cents Hertz Cents 

220 
(Tenor A) 

0 
110 

(Bass A) 
0 110 (A) 0 

329.63 
(Alto E) 

700 
110 

(Bass A) 
0 219.63 (A) -3 

554.37 
(Soprano 
C-sharp) 

400 
110 

(Bass A) 
0 444.37 (A) 17 

329.63 
(Alto E) 

700 
220 

(Tenor A) 
0 109.63 (A) -6 

554.37 
(Soprano 
C-sharp) 

400 
220 

(Tenor A) 
0 334.37 (E) 725 

554.37 
(Soprano 
C-sharp) 

400 
329.63 
(Alto E) 

700 224.74 (A) 37 

 

Tuning Systems 

To avoid a clash of tuning systems, accompanied repertoire should be tuned to 

the temperament of the accompanying instruments. For unaccompanied choral music, 

many researchers argue that temperaments are unsatisfactory as (a) all notes are out of 

tune except the octave (Howard, 2007, p. 303; Skelton, 2005, p. 42), (b) beats occur 

(Norden, 1953, p. 16), and (c) there is less consonance (Averill, 1999, p. 48). Norden 

(1953, p. 22) advises to “keep away from Equal Temperament as far as possible,” and 

Averill (1999, p. 48) points out that “barbershop singers rejected even-tempered 

tuning early on because it did not permit fully consonant chords.” There is some 
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divergence of opinion in how to achieve this: Alldahl (2008, pp. 16, 26, 36) suggests a 

combination of just intonation and Pythagorean temperament depending on the 

context, and Covey-Crump (1992, p. 1037) prefers the latter for linear passages.  

In comparison to temperaments, just intonation is preferable for 

unaccompanied choral singing. When just intonation is utilised, sung notes align with 

harmonics, summation and difference tones, and the sound is perceived as more 

consonant and in tune. 

Equal Temperament. 

In equal temperament, the octave is divided into twelve equivalent, 100-cent 

( √2
12

) semitones. There are enharmonic equivalents, for example, C-sharp has the 

same intonation as D-flat. Covey-Crump (1992, p. 1022) maintains that “equal 

temperament inhibits a musician’s feeling for the true quality of simple intervals.” 

However, Stauffer (1954, pp. 19-20, as cited by Mason, 1960, p. 31), puts 

forward the following arguments for using equal temperament:  

(1)… [A] common point of understanding in the realm of scale 

pitches…. (2) The very act of building, tuning, and playing a 

musical instrument…. (3)…to bring together in ensemble the 

various unavoidable and at times opposing difference of the 

interval tuning of various instruments… 

Points two and three are irrelevant for unaccompanied choral music. 

Regarding point one, there are more than twelve possible intonations in a scale; in just 

intonation C-sharp is not the same note as D-flat. 
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When an A major chord (Figure 21) is sung in equal temperament, beats occur 

between sung notes, harmonics, summation and difference tones, as there are multiple 

intonations of some pitches. The multiple intonations of pitch classes are illustrated in 

Table 14 and the calculations are shown in Appendix C. 

 

Figure 21. A major chord. 

Table 14. Intonations of Pitch Classes for an A Major Chord Tuned in Equal 

Temperament 

Intonations of Pitch Classes for an A Major Chord Tuned in Equal Temperament 

PITCH CLASSES 
INTONATIONS 

(in cents) 
TOTAL 

A -6, -3, 0, 8, 17, 27 & 41 7 

A-sharp 51 1 

B 169, 202 & 204 3 

B-sharp 288 1 

C 341 1 

C-sharp 386 & 400 2 

D 471 1 

D-sharp 551, 588 & 604 3 

E 700, 702, 713 & 725 4 

E-sharp 786 1 

F 841 1 

F-sharp 904 1 

F-double-sharp 951 1 

G 969 & 979 2 

G-sharp 1086, 1088 & 1102 3 
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 Anderson (1985, p. 5) states that “with the exception of the octaves…no 

harmonics are tones of equal temperament.” Beats occur when the A major chord 

(Figure 21) is tuned in equal temperament as there are seven intonations of the note A 

(highlighted in red in Table 14); four intonations of E (blue); three intonations of B 

(orange), D-sharp (green) and G-sharp (grey); and two of C-sharp (yellow) and G 

(purple).21 

Quarter-Comma Meantone Temperament. 

In quarter-comma meantone temperament, each note is determined by a 

succession of major thirds, however, a series of four perfect fifths are firstly narrowed 

by a quarter of a syntonic comma (approximately 5.5 cents) so that the final fifth 

makes a pure major third with the first note.22 For example, C to G, G to D, D to A, 

and A to E. Greated (2001, p. 170) defines the syntonic comma as “…the difference 

between a just major 3rd and four just perfect 5ths less two octaves [or a Pythagorean 

major 3rd], which is 21.51 cents.” When the same A major chord (Figure 21) is tuned 

in quarter-comma meantone temperament, beats occur as there are seven intonations 

of the note A (highlighted in red in Table 15); three intonations of B (orange) and D-

sharp (green); and two of C-sharp (yellow), E (blue) and G-sharp (purple).23 

                                                           
21 The calculations are shown in Appendix C. 
22 The process for calculating the intonation of scale degrees in quarter-comma meantone temperament 

was based on an explanation and demonstration by John O’Donnell on 26 June, 2015. John O’Donnell 

is musical director of Ensemble Gombert (John O'Donnell, 2011) and is the organist at Monash 

University. 
23 The calculations are shown in Appendix D. 
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Table 15. Intonations of Pitch Classes for an A Major Chord Tuned in Quarter-

Comma Meantone Temperament 

Intonations of Pitch Classes for an A Major Chord Tuned in Quarter-Comma 

Meantone Temperament 

 

PITCH CLASSES 
INTONATIONS 

(in cents) 
TOTAL 

A -16, -8, -4, -2, 0, 8 & 27 7 

A-sharp 48 1 

B 155, 199 & 204 3 

B-sharp 274 1 

C 338 1 

C-sharp 383 & 386 2 

D 466 1 

D-sharp 551, 585 & 590 3 

E 697 & 702 2 

E-sharp 772 1 

F 841 1 

F-sharp 901 1 

F-double-sharp 937 1 

G 969 1 

G-sharp 1083 & 1088 2 
 

Pythagorean Temperament. 

Other temperaments are also undesirable for unaccompanied choral music. In 

Pythagorean temperament, each note is determined by a succession of perfect fifths 

and there are no enharmonic equivalents; the intonation of a C-sharp is different to a 

D-flat. When referring to Pythagorean temperament, Norden (1953, p. 16) emphasises 

that “chords played in this [Pythagorean] intonation sound horrible, due to bad beats 

created by mistuning.” For example, when the same A major chord (Figure 21) is 

tuned in Pythagorean temperament, beats occur as there are four intonations of the 

note A (highlighted in red in Table 16); three intonations of D-sharp (blue) and E 
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(purple); and two intonations of A-sharp (orange), B (yellow), C-sharp (green), G 

(grey) and G-sharp (brown).24 

Table 16. Intonations of Pitch Classes for an A Major Chord Tuned in Pythagorean 

Temperament 

Intonations of Pitch Classes for an A Major Chord Tuned in Pythagorean 

Temperament 

 

PITCH CLASSES 
INTONATIONS 

(in cents) 
TOTAL 

A 0, 14, 49 & 27 4 

A-sharp 53 & 54 125 

B 177 & 204 2 

B-sharp 296 1 

C 343 1 

C-sharp 386 & 408 2 

D 471 1 

D-sharp 551, 590 & 612 3 

E 702, 720 & 738 3 

E-sharp 794 1 

F 841 1 

F-sharp 906 1 

F-double-sharp 959 1 

G 969 & 984 2 

G-sharp 1088 & 1110 2 

 

 

                                                           
24 The calculations are shown in Appendix E. 
25 In this thesis, differences of one cent are regarded as insignificant, that is, 53 and 54 cents are 

considered to be the same intonation. Also see footnote number 8 (p. 7). 
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Just Intonation. 

There are very few beats within these pitch classes when the A major chord 

(Figure 21) is tuned in just intonation. This is because there are only two intonations 

of each of the notes A (highlighted in red in Table 17), B (orange) and D-sharp 

(yellow).26 

Table 17. Intonations of Pitch Classes of for an A Major Chord Tuned in Just 

Intonation 

Intonations of Pitch Classes of for an A Major Chord Tuned in Just Intonation 

PITCH CLASSES 
INTONATIONS 

(in cents) 
TOTAL 

A 0 & 27 2 

A-sharp 53 1 

B 204 & 155 2 

B-sharp 274 1 

C 343 1 

C-sharp 386 1 

D 471 1 

D-sharp 551 & 590 2 

E 702 1 

E-sharp 772 1 

F 841 1 

F-sharp 906 1 

F-double-sharp 937 1 

G 969 1 

G-sharp 1088 1 
 

The scientific evidence contained in this chapter indicates that in comparison 

to temperaments, chords tuned in just intonation are perceived as more consonant as 

there are fewer multiple intonations of pitch classes (Table 18). There is greater 

alignment between the intonations of sung notes, harmonics and resultant tones.

                                                           
26 The calculations are shown in Appendix F. 
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Table 18. The Number of Multiple Intonations of Pitch Classes 

The Number of Multiple Intonations of Pitch Classes 

PITCH 
CLASSES 

JUST 
INTONATION 

PYTHAGOREAN 
TEMPERAMENT 

QUARTER-COMMA 
MEANTONE 

TEMPERAMENT 

EQUAL 
TEMPERAMENT 

A 2 4 7 7 

A-sharp 1 1 1 1 

B 2 2 3 3 

B-sharp 1 1 1 1 

C 1 1 1 1 

C-sharp 1 2 2 2 

D 1 1 1 1 

D-sharp 2 3 3 3 

E 1 3 2 4 

E-sharp 1 1 1 1 

F 1 1 1 1 

F-sharp 1 1 1 1 

F-double-
sharp 

1 1 1 1 

G 1 2 1 2 

G-sharp 1 2 2 3 

 

 Howard (2007, p. 301) supports this by stating that “harmonics that are 

exactly in-tune contribute toward the perceived consonance of the chord.” He goes on 

to say that “…chords tuned in just intonation will have the maximum degree of 

consonance associated with them, because the maximum number of neighbouring 

harmonics of each note is in unison, and the tuning is maximally beat-free” (p. 302). 

Chords are perfectly in tune, and as Alldahl (2008, p. 17) describes: “… [Chords] will 

‘stop’ and shine with a special lustre, approx. like a slide picture that is correctly 

focused.”  

When discussing the harmonisation of notes in barbershop quartet singing, 

Averill (1999, p. 44) seems to suggest that an aspirational goal for singers is to 

maximise the consonance of each supporting chord: “One of the principal goals of 

barbershop style harmony is the production of ‘ringing’ chords (‘bell tone,’ ‘expanded 

sound’), a harmonic phenomenon resulting from just intonation,…and finely honed 
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hearing/listening faculties, among other factors” (p. 37). By tuning the notes of chords 

to the intonation of the harmonics of the root, this becomes an attainable goal. Also, 

this is probably why there can be a perception that the volume appears to increase 

when notes are perfectly in tune.  

While just intonation can be used to enhance the tuning of most 

unaccompanied tonal choral music, there may be instances when its use would be 

unsuitable, for example, in some folk and cultural music, or if a composer has 

specifically requested that it not be used. Moreover, just intonation may be less 

effective for tonally ambiguous, atonal and serial music as it establishes a hierarchy 

among notes which is in conflict with the intent of this music where no pitches have 

superiority over others. When referring to the music of Arnold Schönberg, Isacoff 

(2002, p. 227) mentions that “each tone in his [Schönberg’s] system became an equal 

entity governed only by the hierarchy imposed by an individual composer.” Alldahl 

(2008, p. 49) suggests that such music should be tuned in equal temperament. While 

tonally ambiguous, atonal, serial and accompanied music are peripheral to this 

research, they will be briefly considered in subsequent chapters as this music 

represents a substantial section of choral repertoire.  

Many writers on choral education, such as Swan (1973, p. 34), advocate 

tuning in just intonation: “We are still privileged–and obliged–in rehearsal to utilize 

nature’s instincts and phenomena in order to “tune up” our pitch relationships.” As 

several of their justifications appear to be either subjective, or too simplistic, the 

purpose of this section has been to provide, as far as possible, an objective 

justification for its use. Notes tuned in just intonation are perfectly in tune, and 

musical temperaments are deviations of these natural tunings. “All temperaments are 

alterations of the pure, or just, scale” (Norden, 1953, p. 16). Barbieri & Mangsen 
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(1991, p. 69) and Alldahl (2008, p. 33) provide historical evidence to suggest that just 

intonation was used prior to the evolution of equal temperament, and Isacoff (2002, 

pp. 4-6, 229) points out that in the Eighteenth-Century, there was considerable debate 

about the negative effects that it had on music, arguments that have continued to the 

present day. 

Just intonation appears to offer an enhanced result, not only in the tuning of 

unaccompanied tonal choral music, but also in depicting other musical elements, such 

as character and emotion. “Pure intonation and homogeneity are two basic 

requirements of singing quality that enhance and multiply its expressive power; the 

lack of them, by contrast, diminishes its sensitivity and limits its range of expression” 

(Kardos, 2005, p. 69). 
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Curricula and Pedagogical Approaches for Teaching Just Intonation to Choirs 

Despite the positive regard many researchers have towards the use of just 

intonation, there are only a few approaches for teaching it to choristers. All of these 

existing approaches appear to be incomplete as systematic, understandable 

methodologies to implement with choirs. The purpose of the next section is to 

describe and evaluate each of these.  

Approach 1: Zoltán Kodály and Pál Kardos (Hungary) 

Kontra (1995, p. 3) refers to a sequence of 107 exercises by Kodály, in his 

book Let Us Sing Correctly! (1941), to teach intonation to choristers. Kontra gives 

advice on how to use these exercises. Moreover, in his book Intonation and Vocal 

Training in Choir: Three Studies, Kardos (2005) offers exercises as a guide to 

teaching just intonation. While these exercises are useful, they do not directly relate to 

the choral repertoire. Further, they only go so far, that is, the approach is based on 

unison and two-part melodies and does not seem to develop skills to negotiate 

modulations. Kardos (2005) also suggests a system to teach intonation over three 

years. In the first year, students are taught songs in unison (pp. 69-81), in the second 

year, songs in two parts (pp. 82-92), and finally in the third year, three parts (pp. 93-

105). The approaches by Kodály and Kardos are not particularly applicable to SATB 

choirs, and additional rehearsal time is required to implement their approaches as the 

exercises do not correspond to the repertoire a choir would be singing. This would be 

a potential problem for choirs with a busy performance schedule.  

Kardos (2005, pp. 37-68) advocates the use of tonic sol-fa syllables in his 

approach, and according to Kontra (1995, p. 1), Kodály recommended their use to 

support his exercises. While tonic sol-fa is useful in the development of relative pitch, 
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some of the syllables can inhibit vowel resonances and therefore, adversely affect 

tuning. For example, the third (mi) and seventh (ti) degrees in a just major scale are 

flatter than in equal temperament, but have the brightest vowel sounds in tonic sol-fa, 

that is /i/. Alldahl (2008, p. 9) refers to the effect of certain vowels on intonation. 

Other writers also express their reservations on the use of tonic sol-fa. Quinn (1996, p. 

9) believes that the alternation between syllables can make it difficult to tune parts, 

and Covey-Crump (1992, p. 1027) argues that superimposed mixed vowels can 

negatively affect intonation. For example, the vowel sounds ‘la’, ‘do’ and ‘mi’ are 

combined in chord vi. The same problems can occur when singing with numbers. 

If tonic sol-fa is to be used, one possibility is to modify the syllables to better 

match the just intonation of scale degrees, as shown in Table 19. The brightest vowel 

sound is matched with the sharpest intonation, and the unpitched consonant /t/ is used 

before each syllable. I modified sol-fa syllables in this way when working with 

NZSSC in 2013 and 2014, and this strategy had a positive effect on the choir’s tuning. 

While these modified sol-fa syllables were effective, they were deemed excessive as a 

method to teach just intonation, particularly alongside the use of AWJITS (see 

Chapter 3, pp. 64-67). 
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Table 19. Modified Sol-fa Syllables for Music in Major Keys 

Modified Sol-fa Syllables for Music in Major Keys 

SOL-FA 
SYLLABLES 

DIFFERENCE BETWEEN JUST 
AND EQUAL 

(in cents) 

MODIFIED 
SYLLABLES 

(in IPA)27 

Do 0 /ta/ 

Re +4 /ti/ 

Mi -14 /tɔ/ 

Fa -2 /tɒ/ 

So +2 /te/ 

La -16 /tu/ 

Ti -12 /to/ 
 

Another text problem occurs when a bright vowel precedes a dark one on an 

identical pitch; the intonation will usually drop as the frequency of the second vowel 

is lower. In his book The Structure of Singing: System and Art in Vocal Technique, 

Miller (1996, p. 51) presents Ladefoged’s (1974) diagram that illustrates the 

frequencies of different vowel sounds (Figure 22). This diagram suggests that if an /u/ 

vowel is followed by an /i/ on the same pitch, the intonation will probably become 

sharp. 

 

Figure 22. The intonation (as Hertz) of different vowel sounds (Ladefoged, 1974, as 

cited by Miller, 1996, p. 51). 

                                                           
27 IPA is an abbreviation for the International Phonetic Alphabet. 
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Hopkin (1997, pp. 12-13) explains how formants of different vowel sounds 

can be successfully matched so that there is no shift in resonance. Depending on the 

vowels to be matched, his technique involves minimal movement of the tongue and 

the jaw. Vowel colours are also mentioned by Alldahl (2008, p. 9), Howard (2007, p. 

93) and Ternström, Sundberg, & Colldén (1988, pp. 187-192, as cited by Ternström, 

1991, p. 137). 

Approach 2: Ross Duffin (USA) 

 Like Kodály and Kardos, Duffin (2006, p. 16) uses written exercises to teach 

just intonation to choristers, particularly to introduce different tunings of pitch classes. 

“The point of these exercises is to familiarize musicians with the kinds of adjustments 

necessary to sing or play in Just [sic] intonation, and to help them to recognize similar 

situations in the music they perform.” In his approach, he suggests using different 

vowel sounds to reinforce the intonation: “…Singers may wish to sing “ah” as a basic 

vowel sound, with “ee” for +1 annotations and “oh” for -1 annotations” (p. 16). While 

these vowel sounds support the intonation, his symbols are limited as some tunings of 

notes are not portrayed, probably because there are not enough gradations between his 

symbols. 

Approach 3: James Jordan, Michael Mehaffey and Marilyn Shenenberger (USA) 

Jordan & Mehaffey (2001) and Jordan & Shenenberger (2004) offer 

approaches to teaching intonation, but just intonation does not seem to be mentioned. 

In fact, some of their pedagogical methods, such as relying on the piano to stabilise 

pitch, would corrupt its development. Their methodologies develop intonation within 

a system of equal temperament. Audiation is at the heart of their pedagogy, which 

“…takes place when we hear and comprehend music for which the sound is no longer 
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or may never have been present” (Audiation, 2016), but choristers are not taught how 

to recognise when they are singing perfectly in tune. Singers are taught harmonic and 

tonal awareness using the tonic sol-fa system (Jordan & Mehaffey, 2001, pp. 8-9, 27). 

As previously mentioned, Jordan & Mehaffey (2001, video recording) and 

Jordan & Shenenberger (2004, p. 9), rely on accompaniments to support and check 

intonation. This is problematic as the temperament of accompanying instruments can 

corrupt the aural development of just intonation. Norden (1936, p. 220) explains that 

“constant association with temperament may cause him [a chorister] to reach for the 

distorted interval without predetermination…” To avoid this corrupting influence, 

keyboard instruments are used strategically, and sparingly, in the model proposed in 

this thesis. Ehmann (1968, p. 182), Guelker-Cone (1998, pp. 17-22), Howard et al 

(2013, pp. 135-136), Marvin (1991, p. 31), Norden (1936, p. 218), Pfautsch (1973, p. 

83) and Skelton (2005, p. 42) all advocate caution about the use of the piano as a 

supportive tool. The research that is reported in this thesis shows that the only note 

that should be played on a keyboard instrument is the primary origin, which is the 

initial tonal centre. 

Approach 4: Per-Gunnar Alldahl (Sweden) 

Alldahl (2008, pp. 16, 26) also mentions just intonation. He does not offer a 

pedagogical approach to teaching it to choristers, but suggests just intonation, and 

Pythagorean and equal temperaments, as solutions to a number of tuning problems in 

choirs. He is not always forthcoming with his preferences, and suggests that 

conductors select a tuning system based on the musical context. A problem with this 

is that conductors and choristers may find this choice complicated and overwhelming, 

particularly if they have a limited understanding of tuning systems.  
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Alldahl (2008, p. 33) states that “the more complicated the harmony, the more 

necessary it will be to use temperament….The roots of chords may be tempered, 

while the other chord tones are intonated harmonically in just intonation.” It is 

somewhat unclear what Alldahl regards as complicated harmony. For serial 

compositions, where there is no hierarchy of pitch, his approach seems appropriate. 

Generally, Alldahl provides a range of solutions to overcome intonation issues, but 

leaves conductors to choose the most appropriate one. For example, he recommends 

that context be used to determine whether notes are tuned harmonically or melodically 

(p. 36), but these situations are not always clear. There is also a lack of clarity when 

he suggests that extended chords could be tuned in either equal temperament or just 

intonation (p. 29). His eclectic approach to tuning may overwhelm conductors as 

many would not have a deep enough understanding of just intonation or 

temperaments. It would be preferable to offer conductors a concise, consistent process 

from which to determine the intonation of notes their choirs are to sing. 

Like Jordan & Mehaffey (2001, video recording), Alldahl (2008, p. 37) 

recommends that choristers annotate their scores with intonation markings, and that 

the piano be used to support and verify tuning. For example, he suggests that the 

piano could be used to “play referential tones, mainly the key’s 1st, 5th and 4th – 

possibly also the 2nd – degree” (p. 6). He later advises, when referring to an extract of 

music in his book Choral Intonation, checking the intonation of the last note, and the 

perfect fifth scale degree, with the piano (p. 38). These suggestions are problematic; 

in just intonation the only note that should match the piano is the primary origin. 

Gluckner (1939, p. 66), Roe (1970, p. 274), Rorke (1947, p. 101) and Telfer (2000, 

pp. 66-68) also offer advice that is contrary to the just tuning of notes. For example, 

Gluckner (1939, p. 66) advocates that “the use of an accompanying instrument will 
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not detract from the beauty of the choral number. It will enhance its beauty because 

the singing will be in tune….It will…act as a centrifugal force which will insure unity 

and balance.” 

Summary 

The literature on choral pedagogy shows that choirs sing out of tune for a 

variety of reasons. Researchers suggest a range of solutions, including the use of 

different tuning systems, to overcome intonation problems in choirs. There is debate 

over the use of just intonation as a solution, and there does not appear to be a 

comprehensive, systematic approach to teach it to choirs. Duffin (2006, p. 16), 

Kodály (1941, as cited by Kontra, 1995, p. 1) and Kardos (2005) offer exercises to 

develop intonation, however, these are not easily transferrable to a choir’s repertoire. 

While Jordan & Mehaffey (2001) and Jordan & Shenenberger (2004) offer an 

approach, their system does not specifically focus on just intonation, and some of 

their strategies appear to inadvertently compromise its development. Finally, Alldahl 

(2008) endorses just intonation, and suggests it as a solution to tuning problems in 

choirs. His explanation appears to be the most thorough and comprehensive, but he 

does not offer a pedagogical approach.  
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CHAPTER 3 

__________________________________ 
 

CURRICULUM AND PEDAGOGY 

In the execution branch, substantial improvements may be 

expected from singers and violists being educated to consider 

themselves as always in some Key or other, and consequently 

engaged, not in a game of hitting twelve holes, but in making 

sounds having always the same just relations to whatever may 

be the Key-note and to each other. And as the road to this, they 

will be trained in directly the opposite course to what is 

followed now [Equal Temperament]. Instead of rambling 

through a wilderness of semitones under the guidance of 

instruments in which no two sounds are in tune except Octaves, 

and with little or no effort on the part of either teacher or pupil 

to know what Key they are in, or whether they are in any Key 

at all, they will be grounded with jealous accuracy in 

performing in one Key at a time, and then be conducted by 

degrees to all the varieties of change of Key, caution being used 

that the pupil shall never be performing at hazard, the way to 

prevent which is to demand a declaration of what Key every 

new sound is in, and what station it holds in the Key. A learner 

in this way will make more progress in just intonation in a week, 

than in the other will ever be compassed at all. 

 

(Thompson, 1863, p. 47) 

 

This substantial quote by General T. Perronet Thompson points out some of 

the issues with temperaments, but in the 154 years since it was written, very few 

pedagogues have offered ways to solve this in a choral context. 

A range of reasons for intonation problems in choirs was highlighted in the 

literature review (Table 4). Choral pedagogues offer several solutions to overcome 

these issues (Table 5), including the use of just intonation. Despite extensive 

searching, a comprehensive, well-defined, systematic choral curriculum and pedagogy 

for conductors and singers, based on the principles of just intonation, does not appear 
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to exist. When referring to intonation, Covey-Crump (1992, p. 1030) states that “…a 

lack of knowledge among singers about something so basic to their art is ultimately a 

barrier to good chording and to stability of pitch.”  He goes on to state that “sadly, far 

too many young musicians are educated against a backdrop of nineteenth-and 

twentieth-century traditions that gloss over the finer points of intonation” (Covey-

Crump, 1992, p. 1035). 

This chapter is in four parts. Part 1 explains the creation of the curriculum and 

pedagogy and its underpinning processes and conventions. Part 2 outlines a process 

conductors can use to prepare scores and rehearsals for just intonation instruction. 

Part 3 describes the teaching and learning model that has been created to teach 

advanced secondary and tertiary level SATB choirs to sing in just intonation. Finally, 

Part 4 compares the curriculum and pedagogy with other approaches. In most cases, 

the curriculum and pedagogy are explained as one entity as they are interdependent. 

Part 1 

The Creation of the Curriculum and Pedagogy 

The curriculum and pedagogy evolved during the first eighteen months of this 

project from three periods of research:  

1. The development of AWJITS. 

2. The analysis of music. 

3. The application of the analysis. 
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AWJITS: Their Development 

 During this period of research, AWJITS were invented to show choristers the 

just intonation of notes. AWJITS are symbols that show the degree to which notes 

need to be brightened (sharpened) or relaxed (flattened) in comparison to their 

equally-tempered equivalents. Norden (1936, p. 220) points out an issue with 

attaining just intonation: “The guide for the just interval is the absence of any 

beats…left alone, he [the chorister] cannot find them except by chance.” This 

‘chance’ factor is also mentioned by Smith & Sataloff (2013, p. 274), and Grant 

(1987, p. 7) who states that “correctly tuned intervals are not achieved by chance. The 

singers must have a way of thinking about this process; a system in which to work.” 

AWJITS were created for this purpose. Alldahl (2008, p. 27) states that “many 

intonation pitfalls can be avoided if, already in an early phase of the rehearsal work, 

one now and then writes down some intonation signs in the musical notation.” 

Sabat (2009, p. 2) comments that “…in Western music, intonation is kept 

mysterious, something which good musicians are expected to achieve intuitively.” 

The intention of AWJITS is to demystify intonation by giving choristers a quick, 

pictorial prompt to the just tuning of notes. They are only intended as a guide, and 

choristers are encouraged to use their ears to confirm when their intonation matches a 

harmonic and there are no resultant beats. Sabat (2009, p. 6) states that it is relatively 

straightforward for choristers to eliminate beats. Also, choristers are encouraged to 

feel when their notes are justly in tune, a view supported by Averill (1999, p. 49), 

Norden (1953, p. 19), Skelton (2005, p. 43), Smith & Sataloff (2013, p. 274) and 

Wine (2004, p. 27). These choral pedagogues all refer to the ‘sensation’ of singing in 

tune. 
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Initially, the words ‘sharp’ and ‘flat’ were used to describe AWJITS, but the 

negative connotations associated with these terms caused singers to overestimate or 

underestimate the degree of adjustment necessary.  

AWJITS were created and refined with NZSSC during 2013 and 2014. 

Initially, there were too many which overwhelmed the choristers, and they were also 

complicated to draw. It was discovered that the following AWJITS worked best 

(Table 20). 

Table 20. AWJITS: A Comparison with Equal Temperament 

AWJITS: A Comparison with Equal Temperament 

AWJITS 
DESCRIPTORS AND DIFFERENCE FROM EQUAL 

TEMPERAMENT 

 Extremely bright: 34 cents sharper, or more. 

 Very bright: 23 to 33 cents sharper. 

∧ Bright: 12 to 22 cents sharper. 

 Slightly bright: 1 to 11 cents sharper. 

 
Origin (centred): 0 cents and equivalent to equal temperament or the 
external source, such as the piano. Successive origins are written as 

②, ③, ④, and so forth. 

= ETE: Equivalent to equal temperament. 

 Slight relaxed: 1 to 11 cents flatter. 

∨ Relaxed: 12 to 22 cents flatter. 

 Very relaxed: 23 to 33 cents flatter. 

 Extremely relaxed: 34 cents flatter, or more. 

 

AWJITS are mostly written above each vocal line, they function in a similar 

way to accidentals, that is, they last for the duration of a bar, and over tied notes. 

Different degrees of brightness and relaxation were eventually determined by dividing 

the syntonic comma in half (approximately 11 cents). Each of these bands was 

assigned a symbol, for example, slightly bright () and relaxed (∨) (Table 20). In the 

initial stages of this research, these bands of brightness and relaxation appeared to 
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achieve the best differentiation between the symbols. Therefore, the notes of chord V 

in C major are assigned the following AWJITS: 

 G is slightly bright (), as it is 2 cents sharper than its equally-tempered 

equivalent. 

 B is relaxed (∨), as it is 12 cents flatter. 

 D is slightly bright (), as it is 4 cents sharper.  

Ehmann (1968, p. 69) states that “the singing of various intervals improves the 

vocal execution of larger intervals, accuracy or pitch, and develops a stronger 

‘intervallic consciousness.’” 

Other researchers have used symbols to show the just intonation of notes: 

Gratzki (1993, pp. 245-267) uses (/) and (\) symbols, Duffin (2006, p. 11; 2014, p. 46) 

uses positive (+1) and negative (–1) numbers, and Ben Johnston (according to Sabat, 

2009, pp. 6-11) and Alldahl (2008, p. 10) use (+) and (–) signs. Alldahl also uses () 

for the key note. Ben Johnston’s system assumes that conductors and choristers have a 

thorough understanding of just ratios and can use these as a foundation for micro-

tuning (Sabat, 2009, pp. 6-11). Unfortunately, this is typically not the case. Sabat & 

Schweinitz (“Accidentals for Just Intonation,” 2009) also appear to make this 

assumption. They developed approximately 30 symbols, based on accidentals, to 

show the different microtonal intonations of notes. Their symbols were based on those 

of Helmholtz (1836), Ellis (1875, 1885) and Tartini (n.d.). Ambiguous symbols, such 

as those used by Gratzki (1993, pp. 245-267), and commonly used musical symbols, 

such as those used by Alldahl (2008, p. 10), Johnston (as cited by Sabat, 2009, pp. 6-
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11) and Sabat & Schweinitz (“Accidentals for Just Intonation,” 2009), were avoided 

to prevent potential confusion with choristers. 

Analysis 

 The purpose of the analysis period was to become familiar with just intonation 

and determine how it could be used to enhance unaccompanied tonal choral music. 

This was achieved by calculating the just intonation of notes for 42 compositions 

from different musical periods and styles (Table 21). While this analysis process was 

time consuming at the beginning, it was continually modified to make it more useable 

for conductors in the future. The resultant score and rehearsal preparation process is 

an essential part of the curriculum and pedagogy. 
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Table 21. Pieces of Music Analysed in Just Intonation 

Pieces of Music Analysed in Just Intonation 
M

E
D

IE
V

A
L
 

Angelus ad Virginem 
(Anonymous) 

R
O

M
A

N
T

IC
 

Lay a Garland (de Pearsall, R.) 

Agincourt Song 
(Traditional, arr. Swingle, W.) 

O salutaris hostia (Rossini, G.) 
 

Doctorum principem (Ciconia, J.) Offertoire from Requiem 
(Fauré, G.) 

Noël nouvelet (Traditional) Psalm 2: Warum Toben die 
Heiden 

(Mendelssohn Bartholdy, F.) 

Pastyme with Good Companye 
(Henry VIII) 

Sanctus (Schubert, F.) 

Veni, Veni, Emmanuel 
(Anonymous, arr. Kodály, Z.) 

Symphony Number 2 – 
extracts 

(Mahler, G.) 

R
E

N
A

IS
S

A
N

C
E

 

Caro amoroso neo 
(Gesualdo de Venosa, C.) 

Waldesnacht (Brahms, J.) 

Coventry Carol (Anonymous) 

M
O

D
E

R
N

 

Ave Maria (Biebl, F.) 

Duo Seraphim (Handl, J.) Byker Hill (Arr. Wilbye, P.) 

Exultate Deo  
(Pierluigi da Palestrina, G.) 

Desh  
(Traditional, arr. Sperry, E.) 

Gaudete (Traditional) I Himmelen (Arr. Grieg, E.) 

Lasciatemi morire  
(Monteverdi, C.) 

Geantraí (McGlynn, M.) 

Riu, Riu, Chiu (Anonymous) Lux Aeterna (Oswin, R.) 

B
A

R
O

Q
U

E
 

Allein zu dir, Herr Jesu Christ 
(Bach, J. S.) 

Magnificat (Pärt, A.) 

Alle Menschen müssen sterben 
(Bach, J. S.) 

Mass for Double Choir: 
1. Kyrie 
2. Gloria 
3. Credo (Martin, F.) 

Crucifixus for 8 Voices (Lotti, A.) 

Nun komm der Heiden Heiland 
(Bach, J. S.) 

Now is the Hour (Arr. Wells, J.) 

Psalm 130: Aus der Tiefe ruf ich, 
Herr, zu dir (Schütz) 

Pokarekare Ana  
(Tomoana, P., arr. Mews, D.) 

Since By Man Came Death from 
Messiah (Handel, G.) 

Si puer cum puellula from 
Carmina Burana (Orff, C.) 

C
L
A

S
S

IC
A

L
 Alleluia (Boyce, W.) 

 
Suo Gân (Arr. Wiliford, L.) 

Gaudeamus Igitur (Anonymous) 
 

Vier Stucke (Schöenberg, A.) 

God is Our Refuge (Mozart, W.) 
 

War Requiem – extracts 
(Britten, B.) 
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Application 

The creation of the curriculum and pedagogy was informed by the work of 

other choral pedagogues, namely Kodály (1941, as cited by Kontra, 2005), Kardos 

(2005), Jordan & Mehaffey (2001), Jordan & Shenenberger (2004) and Alldahl 

(2008). Some of their ideas have been extended, and as a result, a more specific 

approach to teaching just intonation has been implemented in this investigation. A 

comparison with other approaches is outlined at the end of this chapter.  

Initially, a curriculum and pedagogy with six steps was developed 

(preparatory, beginner, basic, intermediate, advanced and expert) and choirs would 

progress sequentially through each level. As it was difficult to track the development 

of each piece, the model was modified to include three stages (foundation, intonation 

and artistry). These stages will be discussed in a forthcoming section of this chapter.  

In addition to adopting various features of leading choral pedagogues, a 

teaching and learning model has been created as a graphic representation of the 

curriculum and pedagogy (Figure 23). The model is underpinned by ten processes and 

conventions, and tone28 is developed holistically as each piece of music progresses 

systematically through foundation, intonation and artistry stages. The first two stages 

are further divided into nine phases (orientation, accuracy, text, technique, initiation, 

familiarisation, realisation, stabilisation and contextualisation), and an assessment 

rubric has been developed and is used to determine when choirs are ready to progress. 

The aims of each stage, and objectives of each phase, are outlined in the curriculum 

framework shown in Appendix G. This methodology was trialled with NZSSC 

(context 1) and Consortia (context 2) as a single-case study. A multiple-case study 

                                                           
28 In this research, ‘tone’ is defined as the sound/timbre of a choir. 
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was not suitable as the curriculum and pedagogy could not be identically replicated 

with both choirs. The implementation will be described and evaluated in Chapter 5. 

 
 

Figure 23. The teaching and learning model. 
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The Underpinning Processes and Conventions 

The processes and conventions synthesise important ideas of many choral 

pedagogues, and my experiences as a conductor, chorister and teacher: 

1. The learning environment 

2. The conductor 

3. Score and rehearsal preparation process 

4. Chorister placement and choir formations 

5. Teaching and learning process 

6. Just intonation 

7. Listening 

8. Tuning process 

9. Acoustical adaptation process 

10. Keyboards. 

These processes and conventions underpinned the curriculum and pedagogy 

when it was implemented with NZSSC and Consortia, and continues to inform my 

work with choirs. 

The Learning Environment. 

Collaborative, focused and supportive rehearsals are considered important, 

where all participants are responsible for enhancing the intonation of their choir. 

Grant (1987, p. 9) mentions the importance of collaboration, and Telfer (2009, p. 69) 
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states that “the conductor teaches the singers skills for good intonation and the singers 

are responsible for learning and using them effectively.” A similar sentiment is also 

expressed by Covey-Crump (1992, p. 1031) who believes that “self-awareness is 

essential since failure to produce the intended pitch will negate any accuracy of tuning 

with fellow singers.”  

The incorporation of just intonation also requires all choristers and the 

conductor to be actively listening, thinking and responding throughout the tuning 

process. Haynes (1991, p. 357) states that “playing ‘in tune’ is a relative and very 

personal affair, and no set of rules or abstractions from practice can possibly 

encompass its complexities, or substitute for an alert ear and a willing spirit.” 

Mistakes are viewed as learning opportunities, rather than failures, so that 

choristers feel motivated and supported to make progress. An unsupportive learning 

environment may stifle progress, as illustrated by Pfautsch (1973, p. 83): 

“Occasionally, poor intonation becomes a fixation and the longer a conductor 

struggles to correct the pitch problems, the more he compounds the difficulties or 

confuses the singers.” Rehearsals on intonation should be brief so that saturation and 

diminishing returns are avoided. This is a view also expressed by Telfer (2000, p. 5). 

The Conductor. 

Telfer (2000, p. 5) emphasises that “…it is ultimately the responsibility of the 

conductor to be consistent in keeping the standard high.” Knight (Improving Teaching 

Using 8People, 2016) argues that for learning to occur in the classroom, teachers need 

to be proficient in the eight personas shown in Figure 24. 
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Figure 24. Knight's ‘8People’ Model (Improved Teaching Using 8People, 2016, p. 4). 

Used with permission. 

Knight’s model can be applied to the choral learning environment as the role 

of the conductor is synonymous with that of a teacher. The eight roles have been 

adapted to reflect the unique characteristics required of conductors. It was determined 

that for choirs to deliver precise, captivating performances, conductors need to be: 

1. Decisive Leaders – “Captain” 

2. Rigorous Researchers – “Scholar” 

3. Critical Listeners – “Analyst” 

4. Efficient Rehearsers – “Coach” 

5. Communicative Artists – “Empowerer” 

6. Supportive Peers – “Colleague” 

7. Sincere People – “Self” 

8. Empathetic Friends – “Relationship Builder” (Knight, Improving Teaching 

Using 8People, 2016, p. 5). 
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Score and Rehearsal Preparation Process. 

Each piece of music should be thoroughly prepared for singing in just 

intonation. A process was developed, tested and refined during this research and will 

be explained in Part 2 of this chapter. 

Chorister Placement and Choir Formations. 

Many writers on choral pedagogy give advice on where vocal parts, for 

example, sopranos, altos, tenors and basses, should be placed to enhance intonation. 

Wine (2004, p. 25) suggests placing sections of the choir so that everyone can hear 

each singer; Roe (1970, p. 37) advises placing top and bottom parts together; 

Lambson (1961, p. 53) recommends sitting in groups with one person per part; and 

Rorke (1947, p. 100) advocates for deep, rather than wide, formations. Among other 

things, the views of these choral pedagogues suggest that different formations will 

enhance intonation.  

In this research, voice matching is defined as a process by which singers are 

strategically placed within a section so that the harmonics of their voices align to 

achieve an optimal blend. The importance of this is also mentioned by Smith & 

Sataloff (2013, pp. 242-243). They state “…experience has shown that the placement 

of certain voices based on the compatibility of vocal frequency, and formant affects 

tuning and choral blend….When voices are placed close to one another, a battle of 

frequencies ensues.” Delvaux & Howard (2013, p. 3471) and Liemohn (1958, p. 51) 

also support this view. 
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Teaching and Learning Process. 

Every piece in a choir’s repertoire should be scaffolded in such a way that 

inaccurate notes, rhythms, text and technique are addressed before focusing on just 

intonation. This is to give choristers time to assimilate new knowledge and skills. If 

problems occur, layers can be peeled back and issues sorted so that the progress can 

continue. For example, a rhythm issue that surfaces during the intonation stage should 

be sorted before progressing further. In developing this curriculum and pedagogy, it 

was anticipated that progress between the stages and phases of the model, as shown in 

Figure 23, would be different for each of the choirs involved in this research. 

Progression between the stages and phases would occur when most choristers were 

ready, and some additional support would be provided for singers who fall behind.  

Just Intonation. 

Choristers must be taught a basic theory of just intonation. Norden (1936, p. 

232) and Quinn (1996, p. 9) also believe that the theory of just intonation should be 

taught to choristers. “Singers, to some degree, must be aware of the theoretical 

function of the notes they are singing” (Quinn, 1996, p. 9). In this curriculum and 

pedagogy, choristers are introduced to just intonation during a three-hour initiation 

workshop which will be explained in Part 3 of this chapter (pp. 126-141). 

Listening. 

Sauveur (1707, p. 206, as cited by Haynes, 1991, p. 359), writing at the 

beginning of the eighteenth-century, stated that “…the voice and violin are in a class 

in which accurate intonation depends entirely on the ear…” The importance of critical 

listening has also been mentioned by other choral pedagogues: Ehmann (1968, p. 41), 
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Hansen (1964, p. 85), Howard et al (2013, p. 136), Marvin (1991, p. 28), Pfautsch 

(1973, p. 78), Telfer (2000, p. 12), Votaw (1931, p. 53) and Wine (2004, p. 24) allude 

to the importance of this. Howard (2007, pp. 300-301), Howard et al (2013, p. 136), 

Jordan & Mehaffey (2001, p. 17), Pfautsch (1973, p. 83) and Wine (2004, pp. 24, 27) 

specifically emphasise the importance of listening to other sections of a choir. This is 

a position supported in this research and during rehearsals, choristers are regularly 

reminded to actively listen to each other. They are also encouraged to stay aurally 

aware of the prevailing origin, an essential skill according to Gluckner (1939, p. 65). 

Tuning Process. 

Just intonation is initially taught by comparing it to equal temperament since 

this is generally more familiar to the choristers. Australian choral director, John 

O’Donnell, believes there should be no references to equal temperament (personal 

communication, June 25, 2015), but Stauffer (1954, pp. 19-20, as cited by Mason, 

1960, p. 31) argues that it is a “…common point of understanding in the realm of 

scale pitches…” Further, cent values are standardly used to compare other tuning 

systems to equal temperament. By setting just intonation and equal temperament off 

against one another, the differences between the two are clearly revealed. 

Jordan & Shenenberger (2004, p. 14) state that “superb intonation is rooted in 

the singer perceiving how his or her note fits into the harmony surrounding it”, and 

Grant (1987, p. 7) advocates for tuning harmonically, rather than melodically. Telfer 

(2000, p. 20) also mentions that “…singers must think ‘vertically’ to tune their 

individual pitches with the harmony sung by the choir or played in the 

accompaniment.” 
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It is possible to calculate the just intonation of harmony and non-harmony 

notes from different pitches of a chord. Wine (2004, p. 25) explains that chords 

should be tuned to the root as “intonation is evaluated in relation to the root…”, 

however, there are other views. Alldahl (2008, p. 7) suggests tuning from the lowest 

voice to the highest voice, whereas Jordan (1987, p. 14) and Jordan & Mehaffey 

(2001, pp. 8-9, 27) recommend the opposite. This is similar to Hagerman & Sundberg 

(1980, p. 7) and Averill (1999, p. 48) who mention that in barbershop quartet singing 

all parts should tune to the lead. The intervals between adjacent vocal parts could be 

tuned to each other, that is, tenor to bass, alto to tenor, and soprano to alto. Telfer 

(2000, p. 55) believes in tuning to sustained notes, but Barbieri & Mangsen (1991, p. 

84) counter this by stating that “…all the pitches…are adjusted according to their 

function from moment to moment.” For example, a sustained E is 386 cents when is 

the third of chord I, but 364 cents when it is the fifth of chord vi. Table 22 illustrates 

the notes of Exercise A (Figure 25) tuned harmonically in different ways. The 

intonation of notes is calculated from one note of the chord. 

 

Figure 25. The just intonation of Exercise A tuned harmonically in different ways. 
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Table 22. Comparison of Notes Tuned Harmonically in Different Ways 

Comparison of Notes Tuned Harmonically in Different Ways 

NOTES 
ROOT 

(in cents) 
BASS 

(in cents) 

SOPRANO 
OR LEAD 
(in cents) 

INTERVALS 
BETWEEN 

PARTS 
(in cents) 

SUSTAINED 
NOTE 

(in cents) 

C 0 0 0 0 & 22 0 & -22 

D 204 & 182 204 & 182 204 & 182 
204, 226 & 

182 
204 & 182 

E 386 & 408 386 386 386 & 408 386 & 364 

F 498 & 520 498 & 520 498 & 520 498 & 520 498 

G 702 & 680 702 702 702 702 & 680 

A 884 & 906 884 & 906 884 884 & 906 884 

B 1088 1088 1088 1088 & 1110 1088 & 1066 

 

Table 22 shows that there is often more than one intonation for some pitch 

classes. For example, in the first chord of bar 3 (Figure 25) D is 204 cents when it is 

tuned from the root, but 182 cents when it is tuned from the sustained tenor A of the 

previous chord, the soprano E, or the bass F. If this exercise is tuned from sustained 

pitches, it would likely finish 22 cents flat. 

In this research, the just intonation of notes is calculated harmonically from 

the root to (a) achieve a hierarchical relationship between pitches; (b) maintain 

consistency in the score preparation process, and (c) ensure that the distinct colours of 

different chords is attained. For example, the unique sound of a major seventh chord 

is achieved by tuning a perfect fifth (702 cents), major third (386 cents) and major 

seventh (1088 cents) to the root.  

Further, if each part in Exercise A (Figure 25) is tuned melodically from one 

pitch to the next, there will be two intonations of the note C (highlighted in red in 
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Table 23) in the final chord. Also, the minor third between the notes E and G of this 

chord (highlighted in yellow), would be 360 cents, rather than 316 cents. 

Table 23. Comparison of Notes Tuned Harmonically, and Melodically, in Just 

Intonation 

Comparison of Notes Tuned Harmonically, and Melodically, in Just Intonation 

NOTES 
HARMONIC TUNING 

FROM ROOT 
(in cents) 

MELODIC TUNING 
BETWEEN NOTES 

(in cents) 

C 0 0, -22 & 22 

D 204 & 182 204, 182 & 160 

E 386 & 408 386, 364 & 408 

F 498 & 520 498, 520 & 476 

G 702 & 680 702 & 724 

A 884 & 906 906 

B 1088 1088 & 1110 

 

Melodic intonation, which is from one note to the next, happens as a result of 

tuning harmonically. Doty (1992, p. 1) mentions that “melody…is assumed by default 

to use the same intervals as are required by harmony…” He goes on to state that one 

of the reasons for this “is the fact that, according to most studies, interval perception 

and discrimination are much more acute for simultaneous tones than for successive 

tones.” For example, in bars 1-6 of Ave Maria, the major second between D and E is 

narrower (182 cents) than the one between C and D (204 cents), as shown in Figure 

26. The AWJITS above these notes also reinforce that D to E is narrower. Generally, 

a melodic interval is interpreted as narrow when the first note is slightly bright () 

and the second is relaxed (∨), as in this example.  
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Figure 26. Melodic intonation (from note to note) in Ave Maria. 

If both major seconds are 204 cents, then the alto’s C in bar 3 would need to 

be 22, rather than 0 cents, to achieve a just major third. Similarly, if both major 

seconds are 182 cents, then the alto’s G would need to be 680 cents, rather than 702 

cents, to achieve a perfect fifth. Tuning harmonically ensures that just relationships 

are more easily maintained throughout a piece of music. 

Acoustical Adaptation Process. 

The acoustics of rehearsal and performance spaces can affect intonation. 

Daugherty (2001, p. 70) believes that “many issues in choral singing are related, 

directly and indirectly, to the direct sound, early reflections, diffuse field, and 

reverberation time afforded by particular performance and rehearsal environments.” 

Covey-Crump (1992, p. 1033) and Wine (2004, p. 25) suggest that intonation can be 

enhanced in more reverberant acoustics as the harmonics are easier to hear. When 

discussing buildings in relation to early music, Bagenal (1927, p. 443) mentions that 
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“…the church was the major instrument, able to keep the singers in tune.” Essentially, 

livelier acoustics give choristers more aural information on which to tune, but 

unfortunately, these sorts of spaces are not always available to many choral groups. In 

my methodology, to overcome the effects of different acoustics choristers are 

encouraged to tune to the harmonics resultant from the choir, rather than the room. 

Time is allocated during the first rehearsal in a new venue for choristers to adapt to its 

acoustic. Pfautsch (1973, pp. 78-79) advocates for this practice when he states that 

“they [the choristers] should learn to adjust their voices and appreciate their choral 

environment whether it be in a rehearsal room or a concert hall.” 

Keyboards. 

As many choristers experience difficulties with sight reading music, the piano 

can occasionally be used to quickly teach notes during the foundation stage. While 

this is not ideal, as equal temperament can negatively affect the development of just 

intonation, it is necessary when there is limited rehearsal time. At the intonation and 

communication stages, tempered accompaniments are only used to strategically 

reinforce the primary origin and check the overall level of pitch. The accompanist of 

NZSSC was occasionally instructed to reiterate the primary origin in Jauchzet dem 

Herrn, alle Welt. The practice was useful in connecting the choir to the origin and 

developing the choristers’ memory of the tonic. However, the long-term goal should 

be for choristers to rely on their internal sense of pitch, rather than needing 

verification from an external source such as this. 
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Part 2 

The Score and Rehearsal Preparation Process 

The preparation process is essential in ensuring that the curriculum and 

pedagogy is implemented efficiently and effectively, and to anticipate problems that 

might occur in rehearsals. While there are alternative ways to realise just intonation in 

a composition, a consistent approach, such as the process outlined in this section, 

should make it easier for the conductor to make appropriate decisions. For each piece 

of music, the preparation process includes: 

1. An overview of the harmony and tonality. 

2. Annotating roots, origins, subsidiaries, orientation notes, intonation bases and 

AWJITS. 

3. Preparing ensemble, IPA, and intonation notes for choristers to transfer to 

their scores. 

The following repertoire has been chosen from the repertoires of NZSSC and 

Consortia to illustrate the different aspects of this preparation process: 

 Ruhethal (Appendix H) and Jauchzet dem Herrn, alle Welt (Appendix I) by 

Felix Mendelssohn Bartholdy. 

 Who Shall Win My Lady Fair? by Robert de Pearsall.  

 Resonet in Laudibus by Jacob Handl (Appendix J). 

 Past Life Melodies by Sarah Hopkins. 

 Loch Lomond by David Lantz III. 



ENHANCING CHORAL INTONATION  Volume 1: Thesis 

83 
 

 Media Vita by Notker Balbulus, arranged by Michael McGlynn. 

 Hine, E Hine by Princess Te Rangi Pai, arranged by Andrew Withington 

(Appendix K). 

Score Analyses and Annotations 

Before annotating a score, a quick harmonic and tonal analysis is completed. 

This is necessary in making decisions about the intonations of pitch classes and the 

AWJITS that need to be assigned to each note. This process will be described in more 

detail later in this section. 

Modulations. 

Tonal centres are referred to as origins in this research. Many writers on the 

theory of music agree that a modulation occurs when an origin shifts, and that it is 

different to tonicisation where a secondary dominant chord momentarily tonicises the 

next chord (Gauldin, 2004, p. 366; Kostka & Payne, 2009, pp. 260, 317; Ottman, 

2000, p. 2; Saslaw, 2016, “Modulation”, para. 1). Music theorists also allude to the 

ambiguous, subjective nature of modulation and tonicisation (Kostka & Payne, 2009, 

p. 317; Saslaw, 2016 “Modulation”, para. 1; Laitz, 2003, p. 398). 

In contrast, Dunsby (2003, pp. 789-790) refers to Heinrich Schenker’s and 

Arnold Schönberg’s belief that a piece of music has an exclusive tonal centre where 

“…modulations are digressions from the principal tone, scarcely different in essence 

from any chord that is other than the tonic. They are just episodes of a large cadence” 

(Schönberg, Harmonielehre, 1911, as cited by Dunsby, 2003, p. 790). For most tonal 

music, the intonation can be based on the primary origin, which is in line with 

Schenker’s and Schönberg’s views, however, at times a new tonal centre may be 
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related to the one that precedes it. To account for this, intonation bases have been 

developed as part of this research and will be described later in this chapter. Given the 

period in which Schenker was working, it is likely that he had equal temperament in 

mind when developing his method of analysis, and that he was not trying to assist 

choirs to sing with improved intonation. 

For this research, modulation is defined in a similar way to Gauldin (2004, p. 

366), Kostka & Payne (2009, pp. 260, 317), Ottman (2000, p. 2) and Saslaw (2016, 

“Modulation”, para. 1), that is, modulation occurs when music progresses from one 

origin to another; it could be either momentary, that is within the context of the 

prevailing tonal centre, or established. 

No modulations. 

Music is considered to be non-modulating when there is only one tonal centre. 

Tonicisations, indicated by the presence of secondary dominant chords, are not 

regarded as modulations (Gauldin, 2004, p. 366; Kostka & Payne, 2009, pp. 260, 317; 

Ottman, 2000, p. 2; Saslaw, 2016, “Modulations”, para. 1). For example, in bars 29-

30 of Ruhethal (Figure 27), the tonicisation of the A major chord, by V of V, is not 

considered to be a modulation. 
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Figure 27. An example of tonicisation in Ruhethal. 

Momentary modulations. 

A momentary modulation is considered to be a temporary departure within the 

context of the prevailing origin. Thompson (1863, p. 19) refers to this type of 

modulation as “informal”, and Gauldin (2004, p. 387) as “transient”, which “…are 

somewhere between surface tonicizations and full-fledged modulations; we hear them 

as stronger shifts of key than surface tonicizations, but not as true modulations.” 

Further, Laitz (2003, p. 372) sets some useful parameters for identifying momentary 

modulations: “…We can posit that short tonicizations contain two or three chords, 

slightly longer tonicizations occupy a couple of measures or an entire phrase, and 

modulations occupy even longer musical spans.” Thus, momentary modulations 

typically occur over a few chords, or a phrase, and are not long-lasting. There is a 

momentary modulation to G-sharp minor in bar 7 of Hine, E Hine (Figure 28). It lasts 

for four bars within the context of the primary B origin.
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Figure 28. A momentary modulation to G-sharp minor in Hine, E Hine. 

Accidentals often change when there is a momentary modulation, but typically 

there is no change of key signature.  

Subsidiary origins (subsidiaries) occur as a result of momentary modulations. 

The key of a subsidiary is written beneath a system, as shown in bar 23 of Hine, E 

Hine (Figure 29). In this example, the F-sharp is functioning as a subsidiary as it 

occurs within the context of A major. 
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Figure 29. A momentary modulation to F-sharp minor in Hine, E Hine. 

Established modulations. 

Laitz (2003, p. 398) states that “longer tonicizations, which can occupy entire 

sections of a piece, are called modulations.” In this research, established modulations 

are defined in a similar way, that is, these occur when the prevailing origin changes 

and are often signalled by a change of key signature. Each new origin is labelled as 

secondary ②, tertiary ③, quarternary ④, and so forth. Thompson (1863, p. 19) refers 

to this type of modulation as “formal”. For example, there is an established 

modulation to a secondary A origin in bar 17 of Hine, E Hine (Figure 30). When an 
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established modulation occurs, the key of the new origin is encased in a box beneath a 

system.  

 

 

Figure 30. An established modulation to A major in bar 17 of Hine, E Hine. 

There is some disagreement among music theorists about whether a shift 

between the tonic major and minor constitutes a modulation. Ottman (2000, p. 207) 

believes that this is modulation “since the key signature of a major key and its parallel 

minor differ by three accidentals…” He goes on to state that “…use of [a] chord from 

the parallel minor can conveniently and dramatically expedite a modulation from a 

major key to one of its remote keys.” However, Kostka & Payne (2009, p. 305) argue 
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that this is not modulation as the tonic is identical. In line with the view of Kostka & 

Payne, in this research, movement between modes is not regarded as modulation 

when the tonal centre remains the same. For example, modulation does not occur if a 

piece of music moves from C major to C minor. 

Thompson (1863, p. 19) gives some guidance in terms of how modulations can 

be dealt with. Even though his publication was written approximately 150 years ago, 

his suggestions are still relevant today. “A Change of Key consists or ought to do, in 

beginning on a new portion of the string for Key-note, and thence making the divisions 

of the octave afresh…” (Thompson, 1863, p. 19). The intonation of a new key could be 

based on its relationship with the original key. For example, if a composition modulates 

to the dominant, then this new key will be two cents sharper. In contrast, if the 

modulation is to the submediant, then the new key would be sixteen cents flatter. 

Scholes (1935, p. 788) states:  

…You cannot perform mean-tone music (with its modulations) 

and still less equal-temperament music (with its much wider 

range of modulations) according to a scheme of just intonation 

in which you would have to alter your tuning with every fresh 

key entered. 

However, the flexibility of the voice makes it possible to render different intonations 

of pitch classes. 
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Just Intonation Calculations. 

The intonation of the root of each chord is determined by its intervallic 

relationship with the prevailing origin. Table 24 was created as a useful reference 

point, and illustrates the just intonation of each scale degree in relation to a primary 

origin. There are times when roots are only implied and only harmonically inferred 

within the musical context. For example, in Hine, E Hine (bar 8), there is an implied 

G-sharp root on the first quaver of beat 2 (Figure 31).  

 

Figure 31. Roots in Hine, E Hine. 

Roots are bracketed in each vocal line as choristers need to be aware of the 

tuning reference note. Wine (2004, p. 25) believes that “…singers need to identify the 

voice part in the choir with the root and tune accordingly.” Implied roots are also 

bracketed, but are written beneath systems, as shown in Figure 31. 

 



ENHANCING CHORAL INTONATION  Volume 1: Thesis 

91 
 

Table 24. Just Intonation and AWJITS for Scale Degrees of the Primary Origin 

Just Intonation and AWJITS for Scale Degrees of a Primary Origin 

SCALE DEGREE 
JUST INTONATION  

(in cents) 
AWJITS 

Perfect unison 0  

Diminished second 41  

Augmented unison 71  

Minor second 112 ∧ 

Major second 204  

Diminished third 245  

Augmented second 275  

Minor third 316 ∧ 

Major third 386 ∨ 

Diminished fourth 427  

Augmented third 457  

Perfect fourth 498  

Augmented fourth 590  

Diminished fifth 610  

Perfect fifth 702  

Diminished sixth 743  

Augmented fifth 773  

Minor sixth 814 ∧ 

Major sixth 884 ∨ 

Diminished seventh 925  

Augmented sixth 955  

Minor seventh 996  

Major seventh 1088 ∨ 

Diminished octave 1129  

Augmented seventh 1159  

Perfect octave 1200  

AWJITS 
DESCRIPTORS AND DIFFERENCE FROM EQUAL 

TEMPERAMENT 

 Extremely bright: 34 cents sharper, or more. 

 Very bright: 23 to 33 cents sharper. 

∧ Bright: 12 to 22 cents sharper. 

 Slightly bright: 1 to 11 cents sharper. 

 
Origin (centred): 0 cents and equivalent to equal temperament or the 
external source, such as the piano. Successive origins are written as 

②, ③, ④, and so forth. 

= ETE: Equivalent to equal temperament. 

 Slight relaxed: 1 to 11 cents flatter. 

∨ Relaxed: 12 to 22 cents flatter. 

 Very relaxed: 23 to 33 cents flatter. 

 Extremely relaxed: 34 cents flatter, or more. 
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The tuning of harmony and non-harmony notes is then calculated from the 

root of each chord. For example, the intonation of the notes of chord ii in C major 

(Figure 32) is calculated as follows: 

D = 204 cents (major second scale degree from Table 24) 

204 cents (D) + 316 cents (minor third) = 520 cents (F) 

204 cents (D) + 702 cents (perfect fifth) = 906 cents (A). 

 

Figure 32. Chord ii in C major. 

Sometimes, it is possible to analyse keys and chords in more than one way, 

particularly when the music is in unison, two, or three parts. “It can happen frequently 

enough that the solution is not unambiguous, where the analyst is faced with an open 

question…and the correct shade will be available only to the refine [sic] feeling of the 

musician” (Kardos, 2005, p. 34). 

In unison passages, the intonation of notes is determined from implied roots, 

or alternatively, the prevailing origin. The former is preferred if the unison sections 

are subsequently harmonised. For example, the intonation of the melody line in bars 

1-2 of Who Shall Win My Lady Fair? (Figure 33) is informed by the subsequent 

harmonisation in bars 3-4. In contrast, in Media Vita, each note, sung by the tenor 

soloist, is tuned to the prevailing E origin (Figure 34). 
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Figure 33. Intonation of a unison passage in Who Shall Win My Lady Fair? 

 

Figure 34. Intonation of a unison passage in Media Vita. 

Moreover, a two-part chord in C major, comprising the notes F and A, can be 

analysed as IV (with no fifth) or iib (with an implied root). In the following example, 

the notes of chord IV (Figure 35) are calculated from the note F, the perfect fourth 

scale degree of the primary C origin (from Table 24):  

498 cents (F) + 0 cents (perfect unison) = 498 cents (F) 

498 cents (F) + 386 cents (major third) = 884 cents (A). 
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Figure 35. Chord IV in C major. 

Similarly, the notes of chord iib (Figure 36) are calculated from an implied D 

root, the major second scale degree (from Table 24): 

204 cents (D) + 316 cents (minor third) = 520 cents (F) 

204 cents (D) + 702 cents (perfect fifth) = 906 cents (A). 

 

Figure 36. Chord iib in C major. 

In this example, there are two alternative intonations of the notes F and A, 

depending on how this two-part chord is analysed: F is 498 cents in chord IV, and 520 

cents in chord iib; and A is 884 cents in chord IV, and 906 cents in chord ii. The 

difference in the intonation of each of these pitch classes is a syntonic comma. The 

initial harmonic and tonal analysis of each piece is useful in determining the just 

intonation of notes at these ambiguous moments, but this is not the case in all 

circumstances. 
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Orientation Notes. 

The orientation note is defined as the starting pitch sounded before a 

composition is rehearsed or performed. This is annotated in the top left-hand corner of 

the first page of a score, as shown in Figure 37. 

 

Figure 37. The orientation note for Hine, E Hine. 

Howard (2007, p. 315) advises against providing opening chords from an 

equally-tempered instrument. To avoid cuing choristers in equal temperament, only 

one orientation note is provided before rehearsing or performing a composition, 

typically, the primary origin. In the case of Hine, E Hine (Figure 37), a B-natural was 

given to the basses of NZSSC. They matched their intonation to this note, and the 

sopranos and altos justly tuned their F-sharp and D-sharp, respectively, to the basses. 

Playing each of these pitches on a piano could have potentially corrupted the just 

intonation from the outset. The best option was for one orientation note to be given 
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vocally so that choristers had responsibility for finding the correct pitch and 

intonation. 

Intonation Bases. 

Intonation bases29 (bases) are the foundation on which the just tuning of notes 

is determined. In this curriculum and pedagogy, the intonation of a note is calculated 

from the root of its chord; the root is calculated from its origin, or subsidiary at the 

time; a subsidiary is calculated from its origin; and the origin is calculated from its 

base. This hierarchical relationship between pitches is shown in Figure 38.  

HARMONY AND NON-HARMONY NOTES 
 

ROOTS 
 

(SUBSIDIARIES) 
 

ORIGINS 
 

BASES 
 

Figure 38. The hierarchy for calculating the just intonation of notes. 

In bar 24 of Hine, E Hine (Figure 39), the intonation of the soprano E-sharp in 

is calculated as follows: 

1. The primary origin (B) is 0 cents. 

2. This section occurs after an established modulation to the subtonic A, the 

secondary origin, which is 996 cents when a progressive base is used. 

                                                           
29 The term ‘base’ is used to represent an approach to calculating the just intonation of notes. It does 

not refer to the ‘bass’ section of a choir, or the ‘bass’ line of the music.  
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3. Within the context of the secondary A origin, there is a momentary 

modulation to an F-sharp subsidiary, the relative minor, which is 680 cents: 

996 cents (secondary A origin) + 884 cents (major sixth) – 1200  

= 680 cents (F-sharp subsidiary). 

4. The C-sharp root is 182 cents as it is the perfect fifth of F-sharp: 

680 cents (F-sharp subsidiary) + 702 cents (perfect fifth) – 1200  

= 182 cents (C-sharp subsidiary). 

5. Finally, the intonation of the note E-sharp is 568 cents, which is 32 cents 

flatter than its equally-tempered equivalent:  

182 cents (C-sharp root) + 386 cents (major third) = 568 cents (E). 

 

Figure 39. Hine, E Hine, bars 23-26. 
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The three bases from which the just intonation of pitches is calculated are: 

1. The origin base (OB). 

2. The progressive base (PB). 

3. The zero base (ZB).  

One, or a succession of bases, may be applied throughout a composition and 

their abbreviations are written above a system, for example, PB in Figure 39, and OB 

in Figure 40. 

 

Figure 40. Hine, E Hine, bars 1-6. 

Various factors are considered when choosing a base on which to derive the 

intonation: (a) whether the music modulates, (b) the relationship between the origins, 

and (c) if the choir is collaborating with other choral groups which may tune 

differently. These factors are addressed for each base in the explanations below. Bases 

and AWJITS are not used for compositions with a mixture of accompanied and 
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unaccompanied textures as the choral intonation needs to align with the temperament 

of the accompanying instruments. 

The origin base. 

This base is the most commonly used as the just intonation of non-modulating 

music is always based on the primary origin. For compositions that modulate, the 

intonation of each successive origin (secondary, tertiary, quaternary, and so forth) is 

calculated from the primary origin, which is 0 cents. Table 25 shows the just 

intonation of the origins in Hine E, Hine (Appendix K). The intonation of the F-sharp 

subsidiary is determined from the secondary ‘A’ origin. 

Table 25. Intonation of Hine, E Hine Using an Origin Base 

Intonation of Hine, E Hine Using an Origin Base 

BARS ORIGINS 
RELATIONSHIP 
WITH PRIMARY 

ORIGIN 

INTONATION 
(in cents) 

1-6 Primary B major - 0 

7-10 Subsidiary g-sharp minor Major sixth 884 

11-16 Primary B major - 0 

17-22 Secondary A major Minor seventh 996 

23-26 Subsidiary f-sharp minor Perfect fifth 702 

27-32 Secondary A major Minor seventh 996 

 

The progressive base. 

This base is applied when there is a close relationship between successive 

origins. The just intonation of each successive origin is calculated from the previous 

origin. For example, a progressive base is suitable in bars 23-32 of Hine, E Hine 

(Appendix K) as the F-sharp subsidiary is functioning as the relative minor of the 
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secondary ‘A’ origin, rather than the dominant minor of the primary B origin (Table 

26). 

Table 26. Intonation of Hine, E Hine Using a Progressive Base 

Intonation of Hine, E Hine Using a Progressive Base 

BARS ORIGINS 
RELATIONSHIP 

WITH PREVIOUS 
ORIGIN 

INTONATION 
(in cents) 

1-6 Primary B major - 0 

7-10 Subsidiary g-sharp minor Major sixth 884 

11-16 Primary B major Minor third 0 

17-22 Secondary A major Minor seventh 996 

23-26 Subsidiary f-sharp minor Major sixth 680 

27-32 Secondary A major Minor third 996 

 

The zero base. 

A significant feature of just intonation is that the overall level of pitch in a 

composition could shift as a consequence of modulation. This will be discussed in 

greater detail in Part 3 of this chapter (pp. 137-141). There are situations in which it is 

undesirable for the overall level of pitch to shift, particularly, when collaborating with 

other choirs which do not use just intonation, and when performing music that has 

both accompanied and unaccompanied textures. As most tonal music returns to the 

original key before it finishes, a zero base prevents potential shifts in the overall level 

of pitch by identifying moments when a tuning adjustment can be made. It is called a 

zero base as the cent values of the notes in equal temperament are multiples of ten: 0, 

100, 200, 300, and so forth. When NZSSC was performing Past Life Melodies with 

other choral groups at Kathaumixw,30 a zero base was used to avoid discrepancies in 

                                                           
30 Kathaumixw is an international choral competition and festival. It is held in Powell River, British 

Columbia, Canada. 



ENHANCING CHORAL INTONATION  Volume 1: Thesis 

101 
 

the intonation of different choirs. The primary origin of Past Life Melodies is D, and 

there is an established modulation to a secondary B origin at rehearsal letter [C], as 

shown in Figure 41. If an origin or progressive base had been used to calculate the 

just intonation, the secondary B origin would have been 16 cents flatter (884 cents) 

than its equally-tempered equivalent (900 cents). Consequently, Past Life Melodies 

would have drifted 16 cents flat by the end. As it was being performed in 

collaboration with other choirs, NZSSC made a tuning adjustment on beat 2 of [C]. A 

tuning adjustment is annotated above each staff with an exclamation mark (Figure 

41). 
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Figure 41. An established modulation in Past Life Melodies. 
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A zero base was also applied to Lantz III’s arrangement of Loch Lomond 

(Figure 42) as it contains a mixture of accompanied and unaccompanied textures. The 

choristers of NZSSC made a tuning adjustment on beat 3 of bar 58 so that their 

intonation aligned with the temperament of the piano accompaniment at this point. 

 

Figure 42. A tuning adjustment in Loch Lomond. 

If an origin (Table 25) or progressive base (Table 26) is used to calculate the 

just intonation of Hine, E Hine (Appendix K), the secondary A origin will be 4 cents 

flatter (996 cents) than its equally-tempered equivalent (1000 cents). Consequently, 

Hine, E Hine will drift 4 cents flat by the end. To align with equal temperament, a 

tuning adjustment needs to be made in bar 17, which is highlighted in yellow in Table 

27.  
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Table 27. Intonation of Hine, E Hine Using a Zero Base 

Intonation of Hine, E Hine Using a Zero Base 

BARS ORIGINS 
RELATIONSHIP 
WITH ORIGIN 

INTONATION 
(in cents) 

1-6 Primary B major - 0 

7-10 Subsidiary g-sharp minor Major sixth 884 

11-16 Primary B major - 0 

17-22 Secondary A major - 1000 

23-26 Subsidiary f-sharp minor Major sixth 684 

27-32 Secondary A major - 1000 

 

It could be argued that a difference of 4 cents is insignificant. For consistency, 

it is preferable to adhere to the system no matter what the difference, and to appreciate 

that for a piece to be sung perfectly in tune (from section to section throughout), it 

may need to shift in pitch. Norden (1953, p. 18) supports this when he states that 

“…certain chords within the key must be handled correctly if the intonation is to be 

true and the sense of tonality maintained.” 

The selection of bases is important as they result in different realisations of the 

intonations of notes. For example, the tuning of the F-sharp subsidiary is different for 

each of the three bases: it is 702 cents when an origin base is applied (Table 25), 680 

when a progressive based is used (Table 26), and 684 when a zero base is deemed 

necessary (Table 27). Figure 43 illustrates the shifts in the overall level of pitch in 

Hine, E Hine when different bases are applied. 
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Figure 43. Shifts in the overall level of pitch in Hine, E Hine.  

A progressive base is the most appropriate for Hine, E Hine as the subsidiaries 

are the relative minors of their origins (Table 26): G-sharp is to B, as F-sharp is to A. 

Intonation bases make it possible to sing in just intonation and at the same 

time manage shifts in the overall level of pitch. It is then possible for the conductor to 

decide whether to accept these shifts as a consequence of singing in just intonation, or 

identify places in the music where an adjustment can be made.  

  

0

-16

0

-4

2

-4

0

-16

0

-4

-20

-4

0

-16

0 0

-16

0

-25

-20

-15

-10

-5

0

5

B major G-sharp
minor

B major A major F-sharp
minor

A major
C

e
n
ts

Origins and Subsidiaries

Origin

Progressive

Zero



ENHANCING CHORAL INTONATION  Volume 1: Thesis 

106 
 

Calculation of cents and assignment of AWJITS.  

Origins. 

The primary origin is 0 cents, which is the only note that is equivalent to the 

orientation note. Ideally, this is given vocally, but may be given from the piano. 

Successive origins are resultant from established modulations. As mentioned earlier, 

these are sequentially labelled , ②, ③, ④, and so forth, and are determined by the 

base at the time. For example, in bar 7 of Hine, E Hine (Appendix K), there is an 

established modulation to a secondary ‘A’ origin. Its intonation is 996 cents as it is the 

minor seventh scale degree of the primary B origin (Table 24). It is not 1000 cents, 

which would be equivalent to the piano. 

Mason (1960, p. 31) states that “an occurrence of a new key [in just 

intonation] requires the notes to be transformed to a new tonality.” Stauffer (1954, p. 

10, as cited by Mason, 1960, p. 31) mentions that “this requires some fifty separate 

tones within a single octave for satisfactory accommodations of all keys.” For 

choristers to more easily realise these different intonations, it is best to reset the 

AWJITS after an established modulation, in a similar way to moveable ‘do’ in tonic 

sol-fa (in which ‘do’ is always the tonic of the new key). For example, in bar 17 of 

Hine, E Hine (Figure 44), the note A () becomes the new (secondary) origin (②). 

The resetting of the AWJITS is indicated in a box beneath the system. This annotation 

indicates that the tuning of the note A, which is slightly relaxed () in the context of 

the primary origin, becomes the intonation of the secondary origin (②). The 

secondary origin is given an imaginary cent value of 0 so that it is easier for the 

conductor to calculate the intonation of notes and assign corresponding AWJITS. 

However, the conductor needs to be mindful that the secondary origin is 4 cents flatter 
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than its equally-tempered equivalent due to its just relationship with the primary 

origin. 

 

Figure 44. Hine, E Hine, bars 17-22. 

Subsidiaries. 

AWJITS are not reset for momentary modulations to subsidiaries, or when the 

music is in one key throughout, in a similar way to fixed “do” in Solfège. The 

intonation of subsidiaries is determined from the origin at the time and is shown 

beneath the system with their corresponding AWJIT (Figure 45). In this extract from 

Hine, E Hine, there is a momentary modulation to F-sharp minor in bar 23. The F-

sharp subsidiary is calculated from the secondary ‘A’ origin. Therefore, the intonation 

of F-sharp is 680 cents as it is the major sixth scale degree of A (Table 24): 

996 cents (secondary ‘A’ origin) + 884 cents (major sixth) 

= 680 cents (F-sharp subsidiary).
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Figure 45. Hine, E Hine, bars 17-26. 

Accidentals can change as a result of a momentary modulation, but typically 

there is no change of key signature. For example, in bars 17-26 of Hine, E Hine 

(Figure 45) there is an E-sharp in the F-sharp minor section. 

To avoid repeated mathematical calculations, Table 28 was created to assign 

AWJITS to notes. For example, the AWJIT for the secondary ‘A’ origin in Hine, E 

Hine (Appendix K) is highlighted in yellow in Table 28, and its F-sharp subsidiary is 

highlighted in green.
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Table 28. Table of AWJITS: Origin Key (Including Successive Origins - ②, ③, ④, and so forth) 

Table of AWJITS: Origin Key (Including Successive Origins - ②, ③, ④, and so forth) 

CHORD 
HARMONY, AND NON-HARMONY NOTES 

ROOTS m2 M2 m3 M3 P4 A4 D5 P5 m6 M6 m7 M7 

 
P1/8 

 
 ∧  ∧ ∨     ∧ ∨  ∨ 

 
m2 

 
∧  ∧     ∧ ∧     

 
M2 

 
 ∧  ∧    ∧  ∧ ∨   

 
m3 

 
∧  ∧   ∧   ∧   ∧  

 
M3 

 
∨     ∨   ∨   ∨  

 
P4 

 
   ∧ ∨  ∨   ∧ ∨  ∨ 

 
A4 

 
     ∨ ∨     ∨ ∨ 

 
D5 

 
 ∧ ∧     ∧ ∧     

 
P5 

 
 ∧  ∧ ∨   ∧  ∧ ∨   

 
m6 

 
∧  ∧   ∧   ∧     

 
M6 

 
∨  ∨   ∨   ∨   ∨  

 
m7 

 
   ∧ ∨  ∨    ∨  ∨ 

 
M7 

 
∨     ∨ ∨     ∨  
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Roots. 

Table 28 is used to assign AWJITS to the roots of chords occurring in origin 

keys. For example, in Table 28, the AWJIT for the C-sharp root (Hine, E Hine, bar 4, 

Figure 46), is highlighted in blue. 

 

Figure 46. Hine, E Hine, bars 1-6. 

Roots are assigned an AWJIT in each vocal line. In open scores, AWJITS are 

placed above each vocal line (Figure 46); in short scores, they are placed beneath 

some parts. For example, in an SATB score, they are annotated below the alto and 

bass lines. 

The intonation of the root of a chord is calculated from the prevailing origin or 

subsidiary. For example, in bar 4 of Hine, E Hine (Figure 46), the C-sharp root is 204 

cents as it is the major second scale degree of the primary B origin (Table 24):  

0 cents (primary B origin) + 204 cents (major second)  

= 204 cents (C-sharp root). 
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However, in bar 10 of Hine, E Hine (Figure 47), the D-sharp root is 386 cents 

as it is functioning as the perfect fifth scale degree of the G-sharp subsidiary in this 

context: 

884 cents (G-sharp subsidiary) + 702 cents (perfect fifth)  

= 386 cents (D-sharp root). 

 

Figure 47. Hine, E Hine, bars 7-10. 

Additional tables are required to assign AWJITS to the roots of chords 

occurring in subsidiary keys. For example, in Table 29, the AWJIT for the D-sharp 

root (Hine, E Hine, bar 10, Figure 47) is highlighted in blue. AWJIT tables for all 

subsidiary keys are included in the conductors’ resource book (CRB) which is shown 

in Appendix L. 
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Table 29. Table of AWJITS: Major Sixth Subsidiary Key 

Table of AWJITS: Major Sixth Subsidiary Key 

CHORD 

HARMONY, AND NON-HARMONY NOTES 

ROOTS m2 M2 m3 M3 P4 A4 D5 P5 m6 M6 m7 M7 

 
P1/8 

 
∨  ∨   ∨   ∨   ∨  

 
m2 

 
   ∧ ∨  ∨    ∨  ∨ 

 
M2 

 
∨     ∨ ∨     ∨  

 
m3 

 

 ∧  ∧ ∨     ∧ ∨  ∨ 

 
M3 

 
 ∨  ∨    ∨  ∨    

 
P4 

 
∨  ∨   ∨   ∨   ∨  

 
A4 

 
 ∨ ∨     ∨  ∨    

 
D5 

 
    ∨  ∨    ∨  ∨ 

 
P5 

 
∨     ∨   ∨   ∨  

 
m6 

 
   ∧ ∨  ∨   ∧ ∨  ∨ 

 
M6 

 
 ∨  ∨    ∨  ∨    

 
m7 

 
∨  ∨   ∨   ∨     

 
M7 

 
 ∨  ∨    ∨  ∨    
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Harmony and non-harmony notes. 

Finally, the intonation of harmony and non-harmony notes is calculated from 

the root of chords.31 For example, in Hine, E Hine (bar 4, beats 3-4), the E is 520 

cents as it is the minor third scale degree of the C-sharp root (Figure 48): 

204 cents (C-sharp root) + 316 cents (minor third) = 520 cents (E). 

 

Figure 48. Hine, E Hine, bars 1-6. 

The intonation of the other harmony notes is calculated as follows: 

204 cents (C-sharp root) + 702 cents (perfect fifth) = 906 cents (G-sharp) 

204 cents (C-sharp root) + 996 cents (minor seventh) = 0 cents (B). 

                                                           
31 In this thesis, a pedal note is considered to be a non-harmony note. The intonation of pedal notes is 

calculated from the root of the chords that occur above or below. 
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Also, the intonation of the ‘A’ appoggiatura is 1018 cents:  

204 cents (C-sharp root) + 814 cents (minor sixth) = 1018 cents (A). 

Table 28 is used to assign AWJITS to each of these notes (highlighted in 

purple) which are then transferred to the score (Figure 48).  

The intonation of harmony and non-harmony notes of subsidiaries needs to be 

calculated differently. For example, in Hine, E Hine (bar 10, beats 3-4), the intonation 

of the D-sharp major chord is calculated as follows (Figure 49): 

386 cents (D-sharp root) + 386 cents (major third) = 772 cents (F-double sharp) 

386 cents (D-sharp root) + 702 cents (perfect fifth) = 1088 cents (A-sharp). 

Table 29 is then used to assign AWJITS to each of these notes (highlighted in 

purple) which are then transferred to the score (Figure 49).  

 

Figure 49. Hine, E Hine, bars 7-10. 
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Secondary dominant chords. 

The intonation of secondary dominant chords are calculated from the root of 

the chord which they tonicise. For example, in bar 29 of Ruhethal (Figure 50), the 

intonation of the root of the secondary dominant chord (V of V) is calculated from the 

tuning of the root of chord V:  

702 cents (root of chord V) + 702 cents (perfect fifth) 

= 204 cents (root of V of V). 

Thus, the G-sharp root is 590 cents. The B is 906 cents, 590 cents (G-sharp 

root) + 316 cents (minor third); the D is 0 cents, 590 cents (G-sharp root) + 610 cents 

(diminished fifth); and the accented passing note E is 204 cents, 590 cents (G-sharp 

root) + 814 cents (minor sixth). 

 

Figure 50. A secondary dominant chord in Ruhethal. 
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Pivot chords. 

To reinforce a new origin and convey a sense of progression in the music, the 

intonation of pivot chords is calculated in a similar way to secondary dominants. For 

example, in bar 8 of Ruhethal (Figure 51), the intonation of the root of the pivot 

chord, which could function as I in D major, or IV in A major, is calculated from the 

new A origin:  

0 cents (root of D major) + 702 cents (perfect fifth) = 702 cents (root of A major). 

 

Figure 51. A pivot chord in Ruhethal. 

Notational adjustments. 

Barbieri & Mangsen (1991, p. 84) state that the function of notes will change 

due to the underlying context. When a sustained note changes function or intonation, 

the rhythmic notation is altered to reflect this. For example, in bar 1 of Hine, E Hine 

(Figure 52) the alto D-sharp is notated as two crotchets and a minim tied together, 

rather than a semibreve. This is intended to show its oscillating function as a root and 
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a major third. Further, in bar 20 of Jauchzet dem Herrn, alle Welt (Figure 53), the 

intonation of the alto D is slightly relaxed () on beats 1-2, and bright (∧) on beat 3. 

To show this shift in intonation, it is written as a minim tied to a crotchet, rather than 

a dotted minim. 

 

Figure 52. Adjustment to rhythmic notation in Hine, E Hine. 

 

Figure 53. Adjustment to rhythmic notation in Jauchzet dem Herrn, alle Welt. 
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Preparation of Notes 

Before commencing the accuracy phase, ensemble notes are prepared and 

distributed to choristers. The purpose of these is to ensure that everyone is unified 

with their breathing, and placement of final consonants and cut-offs. An example is 

shown in Appendix M. Notes containing IPA symbols for different pieces are handed 

out before the text phase (Appendix N), and when an annotated score is unavailable, 

intonation notes are prepared which provide information on the AWJITS that 

choristers need to transfer to their scores (Appendix O). 

Information on the intonation of pitch classes is prepared for choristers and 

can be used at the beginning of the familiarisation phase. This document shows how 

many intonations there are of each note employed in a composition. For example, in 

Resonet in Laudibus (Figure 54), ten notes are used, but there are two intonations of 

the notes G, A, B-flat, D and E-flat. 

 

Figure 54. Intonation of pitch classes for Resonet in Laudibus. 

 For each piece of music, a familiarisation table is prepared to assist with 

planning rehearsals (Table 30). These highlight the moments in a piece of music 

where different intonations of pitch classes occur in close proximity to each other, that 

is, within the same bar or the next, or during sustained notes. Table 30 shows the 
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sections that require rehearsal during the familiarisation phase of Resonet in Laudibus 

(Appendix J). These moments are explained, and practised, during rehearsals. 

Table 30. Familiarisation Table for Resonet In Laudibus 

Familiarisation Table for Resonet In Laudibus 

SECTIONS 
(BARS) 

PITCH CLASSES PART 

5-6 

B-flat Soprano 

G Alto 

E-flat Tenor 

7-10 
A, and B-flat Tenor 

D Bass 

14-16 D Bass 

16-17 (23-24 and 26-27 
are identical) 

B-flat Soprano 

D Tenor and Bass 

21-22 D Tenor 
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Part 3 

The Teaching and Learning Model 

Assessment 

A five-point just intonation rubric (JIR), was developed to track choirs’ 

progress at singing in just intonation (Table 31). Its purpose is to determine when 

each piece is ready for the next phase of the teaching and learning model (Figure 23). 

Each piece of music is likely to progress at a different rate, but as choral singing is a 

collective activity, progression will only occur when the majority of choristers are 

ready. 

Table 31. Just Intonation Rubric (JIR) 

Just Intonation Rubric (JIR) 

LEVEL 
DESCRIPTOR 

The overall level of pitch, written in bold, is only used for 
evaluating pre-and post-recordings, and performances. 

0 No response: It is difficult to provide an evaluation. 

1 
Limited: The choir's ability to sing this piece in just intonation is 
limited - it almost never prevails, except by chance. 

2 

Beginning: The choir is beginning to sing this piece in just 
intonation - it inconsistently prevails. There are considerable 
tuning issues, and the overall level of pitch does not track as 
predicted. 

3 

Progressing: The choir is progressing in its ability to consistently 
sing this piece in just intonation - it somewhat prevails. There are 
tuning issues throughout, and the overall level of pitch may not 
track as predicted. 

4 
Consistent: The choir consistently sings this piece in just 
intonation - it mostly prevails. There are some tuning issues 
throughout, but the overall level of pitch tracks as predicted. 

5 
Fluent: The choir fluently sings this piece in just intonation - it 
almost always prevails. Any momentary tuning issues are rare and 
the overall level of pitch tracks as predicted. 
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The Foundation Stage 

Choirs are at level one of the JIR (Table 31) during this stage. The aim is to 

prepare choristers to sing in just intonation. This is achieved by: (a) introducing 

choristers to each piece of music in their repertoire, by listening to a recording, or 

sight reading it through; and (b) sorting note, rhythmic, text and vocal issues (Figure 

55). The foundation stage is essential as most secondary- and tertiary-level singers are 

not highly proficient at sight reading music and languages simultaneously. The 

development of just intonation could be slower if choristers have on-going issues with 

notes, rhythms and text during the next stage.  

 

Figure 55. The foundation stage of the teaching and learning model. 



ENHANCING CHORAL INTONATION  Volume 1: Thesis 

122 
 

The Orientation Phase. 

The aim of this phase is to introduce choristers to their repertoire. For each 

composition, this is achieved by: (a) listening to a high-quality recording of each 

piece of music; (b) sight reading through the score at least once; and (c) choristers 

transferring ensemble notes, specifically breathing and cut-off markings, to their 

scores before the first rehearsal (Appendix M). Recordings are used to give choristers 

an overview of the composition; they are played only once and are not intended as a 

model of intonation. 

The Accuracy Phase. 

During the accuracy phase, the notes and rhythms of pieces are taught in 

sectional rehearsals run by the supporting artistic staff and/or section leaders. 

Sectional rehearsals are necessary, as many choristers experience difficulties with 

sight reading music. Sectionals are followed by rehearsals of the whole choir to 

enable choristers to practise their parts in context, and to establish rhythmic unity as 

an ensemble. Powell (1991, p. 40) and Wine (2004, p. 23) both refer to the importance 

of rhythmic precision in enhancing intonation.  

The Text Phase. 

Along with singing the right notes, Fagnan (2008, p. 55) believes that we 

should also be tuning vowels. Many writers on choral pedagogy, such as Bolster 

(1983, p. 27), Marvin (1991, p. 27) and Pfautsch (1973, p. 83), mention the 

connection between text and intonation. Jacobsen (1939, p. 22) states “…that much of 

the ‘out of tune’ or ‘off-pitch’ singing could be overcome by use of vowels on proper 

pitches.” Powell (1991, p. 42), Telfer (2000, p. 44) and Wine (2004, p. 23) believe 
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that intonation is enhanced when choristers sing with unified vowels. Fagnan (2008, 

p. 55) and Liemohn (1958, p. 51) explain that tuning issues occur when the harmonics 

of a vowel do not match.  

Another important factor in securing good intonation is the 

need for adhering to uniform vowel structures. Each vowel has 

its peculiar series of overtones as does each voice. Good 

intonation will not be achieved if some are singing a as in all, 

while others sing the vowel as in and. Pitch conflicts will result 

from the overtones of these two vowels even if the fundamental 

pitch is well adhered to. Uniformity of vowel structure is 

essential if good intonation is to be secured. (Liemohn, 1958, p. 

51) 

As text affects intonation, choristers can learn to pronounce pieces in the 

repertoire authentically with unified vowels. This is taught by: (a) introducing 

choristers to the most commonly used IPA symbols; (b) reciting and singing texts; 

and (c) requiring choristers to transfer IPA symbols to their scores before this phase 

(Appendix N). IPA is a useful tool in this regard as the symbols are universal.  

When different syllables occur simultaneously, for example in polyphonic 

music, it is important to minimise distortions of pitch by unifying vowel sounds as 

much as possible. Quinn (1996, p. 9) states that “in refining pitch, attention must be 

given to vowel unification and blend.” When the text is reintroduced, some vowels 

need to be modified so that their frequencies are more closely aligned, a strategy that 

is applicable to any language. VOORS32 was also developed during this research and 

                                                           
32 VOORS is an acronym for Vowel of Origin and Overarching Resonance System. 
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is used to equalise vowel resonances and add another layer of refinement to the 

intonation and tone. The resonance of the vowel of origin is matched by the other 

vowels within a phrase, a technique based on the “Chiaroscuro resonance balancing” 

(Fagnan, 2008, pp. 51-61) of the Bel Canto method of singing. Similarly, the 

overarching resonance, which occurs on the highest pitch of a phrase, is matched by 

the other pitches. By doing this, a consistent resonance is perceived through a 

phrase.33 Hopkin (1997, pp. 12-13) believes this is because the singers’ formant34 can 

be attained. Moreover, one of the conclusions that Ternström & Sundberg (1988, p. 

67) reached was that “…high partials [harmonics] were found to facilitate 

intonation…”  

The Technical Phase. 

Both Powell (1991, p. 40) and Wine (2004, p. 27) mention that choristers 

should have an appropriate vocal technique before they can refine their intonation. 

The aim of this phase is to address any vocal production concerns, such as inadequate 

breath support. The technical and accuracy phases share the same pedagogical 

approach, that is, issues are dealt with in sectional and whole-choir rehearsals by 

voice teachers.35 This phase is also the last opportunity to resolve any outstanding 

accuracy issues before progressing to the intonation stage. 

                                                           
33 For example, in the phrase “God of nations at Thy feet…” in G Major (New Zealand National 

Anthem), the overarching resonance is on the note B. The resonances of all the other notes within the 

phrase are matched to this pitch to achieve consistency of tone and intonation. 
34 The singers’ formant assists singers with projection and enables them to be heard above the sound of 

an instrumental ensemble, for example, an orchestra. 
35 Historically, voice teachers have been contracted by NZSSC to demonstrate and teach healthy vocal 

production. 
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The Intonation Stage 

Havrøy (2013, para. 5) states that “because the intonation choices that the 

vocal ensemble faces are quite complex, work on intonation issues is central to vocal 

ensemble practice…” The intonation stage is at the heart of the curriculum and 

pedagogy, and involves the most rehearsal time. During this stage, choirs progress 

from levels two to four of the JIR (Table 31). The aim is to enhance the choir’s tuning 

by singing repertoire in just intonation. This is achieved by (a) teaching choirs about 

just intonation, (b) familiarising choristers with different intonations of pitch classes, 

(c) providing symbols (AWJITS) to help tune notes, (d) identifying and stabilising 

problematic moments and modulations in the repertoire, and (e) rehearsing intonation 

alongside other musical elements (Figure 56).  

 

Figure 56. The intonation stage of the teaching and learning model. 
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Telfer (2000, p. 5) mentions that “even singers with good general intonation 

have occasional problems.” This is true, and it is acknowledged that intonation can be 

affected by other factors such as a chorister’s health, fatigue, or state-of-mind. While 

just intonation is the focus of the proposed curriculum and pedagogy, other factors are 

addressed when they arise, such as, inaccurate notes and rhythms. 

The Initiation Phase. 

Howard et al (2013, p. 142) state that “tuning notes of chords in a manner that 

produces a maximally consonant result [just intonation] is not trivial because it 

involves the use of relative pitches that are not found on today’s keyboard 

instruments.” During the initiation phase, choirs are at level two of the JIR (Table 31), 

and the aim is for choristers to acquire the knowledge and skills to sing in just 

intonation. This phase is bypassed once choristers have been introduced to just 

intonation for the first time; their knowledge and skills are then reinforced during 

rehearsals. 

An initiation workshop starts the process of learning just intonation and takes 

approximately three hours to implement. Choristers learn how to: (a) hear, and align 

their intonation to, harmonics; (b) use AWJITS to tune notes to the roots of chords; 

(c) tune different intonations of pitch classes; and (d) stabilise intonation during 

transitions,36 modulations, and intonation ‘danger zones’.37 Regular 10-15 minute 

breaks are provided to prevent chorister fatigue and diminishing returns.38 

                                                           
36 A transition is a structural break in a composition. For example, in strophic form, it is a gap between 

verses; in binary form, a space between the ‘A’ and ‘B’ sections. 
37 Intonation ‘danger zones’ are problematic tuning areas in a composition. 
38 Diminishing returns occurs when there is a regression in achievement. This could be due to labouring 

a point, fatigue, and so forth. 
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The following resources are used: (a) a monochord; (b) PowerPoint slides 

(Appendix P),39 a computer, data projector and screen; and (c) a resource book for 

each singer (SRB), an example is included in Appendix Q. Exercises in the SRB have 

been written for SATB choirs and are mostly in C major and A minor as these keys 

seem to be the easiest for choristers to sight read.  

To give choristers a sense of direction, it is beneficial to spend approximately 

five minutes sharing the aims of the curriculum and pedagogy, and the objectives of 

the initiation phase, at the beginning of the workshop (Appendix P, PPS. 1-4). 

Just ratios and intonations. 

A monochord is used to explain the harmonic series (Appendix P, PPS. 5) to 

choristers, and the just ratios and intonations of harmonics (Chapter 1, pp. 8-14). 

Approximately 15 minutes is allocated to this process, and explaining that matching 

their notes to these harmonics is an important part of singing in just intonation. 

Alldahl (2008, p. 17) argues that “if a chord is to sound pure, one should strive to 

have the partials [harmonics] of the parts coincide as much as possible.” Track 2, 

https://youtu.be/x84tLLC7z3s, illustrates this process. 

Matching harmonics. 

This 30-minute section focuses on tuning triads as they are the building blocks 

of tonal music; extended chords (sevenths, ninths, elevenths and thirteenths), or added 

notes (seconds, fourths and sixths), are practised when they occur in the context of the 

repertoire. Hagerman & Sundberg (1980, p. 16) believe that “…it seems easier to tune 

                                                           
39 In this thesis, references to PowerPoint slides will be abbreviated. For example, PowerPoint slide 1 

will be written as PPS. 1, and so forth. 

 

https://youtu.be/x84tLLC7z3s
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simple intervals, which share partials [harmonics] than to tune intervals with few 

common partials.” For this reason, major triads are taught first as they are the easiest 

to tune as there are audible harmonics for each note. It is useful to sing the major 

chord on PPS. 7 (Appendix P) in just intonation at this point, and then in equal 

temperament, so that their sounds can be compared. To highlight the differences, the 

notes can be played on the piano after they have been sung by the choir. The major 

third should be the most noticeable as it is 14 cents flatter in just intonation. Each 

section of the choir can then practise tuning the notes of major chords on one vowel 

sound, such as /a/, by matching their intonation to the harmonics of the root. Track 1, 

https://youtu.be/xCZtE5bRKGE, illustrates this process. Quinn (1996, p. 9) supports 

this practice by stating that “it is easier to tune a line through reiteration of one 

conformed vowel sound…” 

The tuning process for minor chords is slightly different as there are no 

audible harmonics for the minor third. Instead, choristers pitch minor thirds brightly 

against the root, and use their aural discernment skills to confirm when it is justly 

tuned, specifically, listening for no beats in the sound. The diagram on PPS. 6 

(Appendix P) is useful in explaining beats to choristers. Track 3, 

https://youtu.be/XDXZTbe0lXI, illustrates this process. Each section of the choir can 

then practise tuning the notes of minor chords using PPS. 8 (Appendix P). Chorister 

fatigue should be avoided by using different vowels on each chord. 

Reading AWJITS. 

As the just intonation of harmony and non-harmony notes is calculated 

harmonically from the root, inversions do not affect their tuning, that is, the notes of 

https://youtu.be/xCZtE5bRKGE
https://youtu.be/XDXZTbe0lXI
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chord Ia have the same intonation as Ib and Ic. For example, the notes of chord V in C 

major are calculated as follows: 

 G is 702 cents, a perfect fifth above C (which is 0 cents). 

 B is 1088 cents (702 cents + 386 cents), a major third above G. 

 D is 204 cents (702 cents + 702 cents)40, a perfect fifth above G. 

Roots of chords are bracketed on annotated scores so that choristers know they 

are supposed to be tuning to this note. Both Jordan & Mehaffey (2001, p. 15) and 

Wine (2004, p. 25) stress the importance of choristers being aware of the root. 

By the end of the initiation phase, choristers will have been introduced to the 

most common AWJITS (PPS. 9, Appendix P); the less frequent symbols are taught 

when required in the context of the repertoire. The scale degrees of major chords are 

practised first in this order: 

 The perfect unison and corresponding origin () AWJIT (PPS. 10, 

Appendix). 

 The perfect octave (PPS. 11, Appendix P; Track 4, 

https://youtu.be/KvWMvpFiSEY). 

 The perfect fifth and slightly bright () AWJIT (PPS. 12, Appendix P; Track 

5, https://youtu.be/RzLxTJY8Ig8).  

                                                           
40 A major ninth is written as 204 cents, rather than 1403.9, as its intonation is equivalent to a major 

second. Also see footnote number 8 (p. 7). 

https://youtu.be/KvWMvpFiSEY
https://youtu.be/RzLxTJY8Ig8
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 The major third and relaxed (∨) AWJIT (PPS. 13, Appendix P; Track 6, 

https://youtu.be/4OTPvnaan0o). 

 Complete major chords in Exercise 1 (SRB, Appendix Q).  

The scale degrees of minor chords are then practised: 

 The minor third and bright (∧) AWJIT (PPS. 14, Appendix P). 

 Complete minor chords in Exercise 2 (SRB, Appendix Q). 

To this point, choristers will have only practised tuning the notes of chords I 

and i, however, chords are also built on other scale degrees. In major keys, there are: 

(a) major chords built on I, IV and V; (b) minor chords on ii, iii and vi; and (c) a 

diminished chord on vii°. Their intonations (as cents and AWJITS) are shown in 

Table 32, and on PPS. 15 (Appendix P), and are practised using Exercise 3 (SRB, 

Appendix Q). However, diminished chords and the slightly relaxed () AWJIT need 

to be practised first (PPS. 16, Appendix P). The tune-up method is different as there 

are no audible harmonics for the minor third and diminished fifth. Instead, they are 

tuned to the origin. For example, chord vii° is tuned as follows: 

1. AWJITS are used to tune the root, which is the major seventh scale degree, to 

the origin. 

2. The diminished fifth is added and tuned to the origin. 

3. Finally, the minor third is added and tuned to the origin.  

Each section of the choir can then practise tuning the notes of the diminished 

chord using PPS. 16 (Appendix P). 

https://youtu.be/4OTPvnaan0o
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Table 32. Intonation of Chords in Major Keys 

Intonation of Chords in Major Keys 

CHORD 
ROOT THIRD FIFTH 

CENTS AWJIT CENTS AWJIT CENTS AWJIT 

I 0  386 ∨ 702  

ii 204  520 ∧ 906  

iii 386 ∨ 702  1088 ∨ 

IV 498  884 ∨ 0  

V 702  1088 ∨ 204  

vi 884 ∨ 0  386 ∨ 

vii° 1088 ∨ 204  498  

 

In minor keys, there are (a) minor chords built on i and iv, (b) major chords on 

V and VI, (c) diminished chords on ii° and vii°, and (d) an augmented chord on III+. 

Their intonations (as cents and AWJITS) are shown in Table 33, and on PPS. 17 

(Appendix P), and are then practised using Exercise 4 (SRB, Appendix Q). However, 

augmented chords need to be practised first (PPS. 18, Appendix P). The tune-up 

method is different as there is no audible harmonic for the augmented fifth. Chord III+ 

is tuned as follows: 

The major third (the perfect fifth scale degree) is tuned to the origin.  

1. The augmented fifth is added and tuned to the fifth harmonic of the major 

third. 

2. Finally, the root is added and tuned so that the major third was its fifth 

harmonic. 

Each section of the choir then practises tuning the notes of augmented chords 

using PPS. 18 (Appendix P). 
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Table 33. Intonation of Chords in Minor Keys 

Intonation of Chords in Minor Keys 

CHORD 
ROOT THIRD FIFTH 

CENTS AWJIT CENTS AWJIT CENTS AWJIT 

I 0  316 ∧ 702  

ii° 204  520 ∧ 814 ∧ 

III+ 316 ∧ 702  1088 ∨ 

iv 498  814 ∧ 0  

V 702  1088 ∨ 204  

VI 814 ∧ 0  316 ∧ 

vii° 1088 ∨ 204  498  

 

Choristers are not required to adjust their intonation by a specific number of 

cents, rather, they tune their notes to the root of chords and use their aural 

discernment skills, and sometimes a physical sensation, to confirm when the just 

intonation is attained. Like road maps and compasses, AWJITS are simply used to 

point singers in the right direction. Approximately one hour was allocated to this 

section of the initiation workshop. 

Tuning different intonations of pitch classes. 

One of the most distinguishing features of just intonation is there are different 

intonations of pitch classes. Sabat (2009, p. 3) mentions these, but Norden (1953, p. 

23) implies that these are seldom utilised any more. This is probably due to the 

complexity of the task. Howard et al (2013, p. 142) mention this when they state that 

“tuning notes of chords in a manner that produces a maximally consonant result is not 

trivial because it involves the use of relative pitches that are not found on today’s 

keyboard instruments.”  
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The intonation of a pitch class is determined by its harmonic context. In Figure 

57, the soprano’s A is 884 cents when it is functioning as the third of chord IV, but 

906 cents when it is the fifth of chord ii7: 

498 cents (F) + 386 cents (major third) = 884 cents (A) 

204 cents (D) + 702 cents (perfect fifth) = 906 cents (A). 

 

Figure 57. Intonations of chords IV and ii7 in C major. 

Similarly, the alto’s F is 498 cents when it is functioning as the root of chord 

IV, but 520 cents when it is the third of chord ii7: 

498 cents (F) + 0 cents (perfect unison) = 498 cents (F) 

204 cents (D) + 316 cents (minor third) = 520 cents (F). 

The difference between the two intonations of the note A, and the two 

intonations of the note F, is a syntonic comma: 
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906 cents (A in chord ii7) – 884 cents (A in chord IV) = 22 cents (syntonic comma) 

520 cents (F in chord ii7) –  498 cents (F in chord IV) = 22 cents (syntonic comma). 

 If the intonations of F and A remain the same in both chords, the tuning of the 

root of chord ii7 would need to be 182 cents, rather than 204, so that the just 

relationships are preserved. Further, the intonation of C would need to flattened by 22 

cents for chord ii7 (Figure 58). 

 

Figure 58. Different intonations of chords IV and ii7 in C major. 

Choristers should be able to achieve different intonations of pitch classes as 

their voices are capable of minute changes in pitch, however, on standard keyboard 

instruments, only one intonation of each note is possible. Haynes (1991, p. 358) 

explains that “…different enharmonics are available for the singer or violinist, who is 

able to adjust intonation while performing, but keyboard players, unless they have 

instruments with split keys, are forced to resort to complicated systems of 

temperament.” An image of a keyboard with split keys is shown in Figure 59.  
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Figure 59. An image of a keyboard with split keys. Reprinted from Lunlunta99 (2007, 

December 29). Retrieved from 

https://commons.wikimedia.org/wiki/File:Archicembalo_en_Cents.jpg. Public 

domain. 

Haynes (1991, p. 361) goes on to explain that “…fixed pitch has the defect of 

its virtue: when the music changes and demands tuning modifications, the keyboard 

cannot adapt as the other instruments can.” While a keyboard tuned from C in just 

intonation can play the note D with an intonation of 204 cents, an F of 520 cents, and 

an A of 906, are impossible without retuning the instrument. 

Covey-Crump (1992, p. 1030) states that “a vocal consort can achieve 

predominantly Just Intonation in much repertoire when freed from the shackles of 

imperfectly tuned keyboards.” Howard (2007, pp. 87, 93) implies that string 

instruments share the same flexibility as the voice. This is not true as the open strings 

have a fixed pitch. This view is shared by Scholes (1935, p. 789) who states that “…if 

they [the string players] played in ‘just’ in other keys every time an open string 

occurred they would be dragged back to the original tuning.” These researchers seem 
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to be suggesting that singers should become familiar with different intonations of 

pitch classes so they can maximise the consonance of chords. 

Barbour (1938, p. 48) and Norden (1953, p. 19) imply that choristers are not 

capable of using just intonation as it is a complex system. Barbour (1953, pp. 197-

198) goes on to say that this is because of the inaccuracies associated with vocal 

onsets and vibrato. In an article prior to this he states that it would be difficult for 

choristers to do this without visual cues (Barbour, 1938, p. 50). Covey-Crump (1992, 

pp. 1027, 1029) and Liemohn (1958, p. 50) also mention the negative impact that 

prominent vibrato has on intonation. Vibrato was not an issue for the choirs involved 

in this research. If it was an issue, I would have dealt with it, or referred the problem 

to one of the supporting vocal teachers for resolution. Hagerman & Sundberg (1980, 

p. 15) do not believe that the problems highlighted by Barbour and Covey-Crump are 

an issue when they state: 

No singer would be able to produce a sound which is perfectly 

periodic. Even a small degree of aperiodicity will result in a 

broadening of the frequency of any partial. This would open up 

the possibility for the singers to choose different sizes of 

consonant intervals without running the risk of generating 

beats. (Hagerman & Sundberg, 1980, p. 15) 

Howard (2007, p. 93) also counters the doubts of Barbour and Covey-Crump 

when he argues that singers naturally tune in just intonation. Even Thompson (1863, 

p. 47), writing in the 1800s stated that “[just intonation] does not keep them 

[choristers] in a perpetual struggle to sing out of tune.” Moreover, Norden (1936, p. 

220; 1953, p. 19) did not believe that it was possible for singers to be able to realise 
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different intonations during a concert. AWJITS make it possible for singers to be able 

to do this.  

In Exercises 5 and 6 (SRB, Appendix Q), each section of the choir has the 

opportunity to focus on tuning different intonations of pitch classes in major and 

minor keys. Track 7, https://youtu.be/i5S3nmSQAaE, illustrates this process. This 

section of the initiation workshop should take approximately 30 minutes.  

 Stabilising modulations. 

Another feature of just intonation is that the overall level of pitch in a piece of 

music may fluctuate as a result of its modulations. Mason (1960, p. 31) states that “an 

occurrence of a new key [in just intonation] requires the notes to be transformed to a 

new tonality.” He goes on to say that “this requires some fifty separate tones within a 

single octave for satisfactory accommodations to all keys” (Stauffer, 1954, p. 10, as 

cited by Mason, 1960, p. 31). Howard (2007, p. 93) has shown through 

experimentation, that there is a tendency for the overall level of pitch to shift when 

singing justly, particularly when there are modulations: “…The singers might well be 

singing with excellent tuning as they keep the harmony maximally consonant, thereby 

incurring the inevitable overall pitch shift” (p. 87). He explains that it is a natural 

phenomenon, and “…a necessary consequence of the physics behind the use of a non-

equal-tempered tuning system” (p. 300), and he confirmed his findings in a 

subsequent article “Electrolaryngographically Revealed Aspects of the Voice Source 

in Singing” (Howard, 2010, p. 85). Howard’s findings could be viewed as problematic 

for choral pedagogy as they challenge a prevailing belief that for a choir to have good 

intonation, the overall level of pitch should not shift. This thesis also challenges this 

position and argues that small shifts in the overall level of pitch are acceptable if the 

https://youtu.be/i5S3nmSQAaE
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chords are perfectly in tune throughout a composition, and the shift is a consequence 

of modulation. Fuller-Maitland (1935, p. 928) states: 

It is unfortunately only too true that the endeavour, conscious 

or unconscious, to make the intervals pure must almost 

inevitably lead to a lowering of the pitch; but many of us would 

rather face this than endure the dullness that results from the 

attempt to sing madrigal music in Equal Temperament. 

Wintersgill (1935, p. 929) is critical of the adjudication of choral competitions 

when he states: “I have heard choirs unaccompanied who kept their pitch and yet sang 

many of their chords out of tune. I have heard choirs who chorded beautifully, 

penalised in competition for finishing a semitone down.” Wintersgill seems to be 

implying that it is preferable for the overall level of pitch to shift as a consequence of 

singing each chord perfectly in tune. Moreover, Howard (2007, pp. 314-315) argues 

that it is counterproductive for conductors to attempt to maintain the overall level of 

pitch in some contexts:  

…Conductors who have a desire to correct overall intonation 

drift for its own sake in an a capella [sic] performance of 

musical material that contains significant modulation may be 

misguided, because it can be cogently argued that this is the 

only way to remain in-tune. 

Figure 60 (PPS. 19, Appendix P) illustrates fluctuations in the overall level of 

pitch for Exercise 7 (SRB, Appendix Q).  
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Figure 60. Fluctuations in the level of pitch for Exercise 7 (SRB, Appendix Q). 

Exercises 7 and 8 (SRB, Appendix Q) are used to assist choristers to feel and 

stabilise shifts in the overall level of pitch. Approximately 30 minutes is allocated to 

this section. Generally, singers require guidance when music modulates because, as 

Barbour (1953, p. 198) comments, “if the music contains much chromaticism and 

remote modulations, even the best-trained choir would probably flounder.”  

There appears to be some divergence of opinions among researchers, such as 

Barbour (1937, p. 12; 1938, p. 59; 1953, p. 198), who argues that pitch flattens 

because of singing in just intonation. It is possible to refute this view by mapping the 

overall pitch levels of three theoretical examples of music with modulations, as in 

Table 34. In theoretical example two, the pitch ventures sharp; and in example three, 

it fluctuates. Howard (2007, p. 300) argues that this a scientific phenomenon and 

important in maintaining good intonation:
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If the music they are performing visits different keys and they 

do maintain non-equal-tempered tuning, then the pitch center 

will have to shift from its starting point, which is a necessary 

consequence of the physics behind the use of a non-equal-

tempered tuning system.  

Table 34. Shifts in the Overall Level of Pitch for Three Theoretical Examples 

Shifts in the Overall Level of Pitch for Three Theoretical Examples 

EXAMPLE 
MODULATIONS 

(in cents) 

OVERALL LEVEL OF 
PITCH  

(in cents) 

1 C (0) → e (386) 0 – 14 = 14 cents flatter 

2 C (0) → E-flat (316) 
0 + 16 = 16 cents 

sharper 

3 C (0) → G (702) → a (884) → C (0) 
0 + 2 – 18 +16 = 0 cents 

(no shift) 

 

At the end of theoretical example one, the E should be 14 cents flatter than its 

equally-tempered equivalent as its intonation is determined from its just relationship 

with the C, as in Table 24. In contrast, in example two, the E-flat should be 16 cents 

sharper. The overall pitch level of music that has more than one modulation will 

fluctuate, as in example three. This could result in no shift in the overall level of pitch, 

but this is not always the case. For example, Jauchzet dem Herrn, alle Welt 

(Appendix I), is likely to go 14 cents sharp. The effect of its modulations on the 

overall level of pitch is shown in Table 35. 
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Table 35. Shifts in the Overall Level of Pitch of Jauchzet dem Herrn, alle Welt 

Shifts in the Overall Level of Pitch of Jauchzet dem Herrn, alle Welt 

BARS 
ORIGINS  
(in cents) 

OVERALL LEVEL OF PITCH 
(in cents) 

1-50 A (0)  0 

51-81 a (0) 0 

82-138 A (0) 0 

139-176 F (814) 0 + 14 = 14 cents sharper 

 

At the end of Jauchzet dem Herrn, the F should be 14 cents sharper than its 

equally-tempered equivalent when its intonation is determined from its just 

relationship with the A, as in Table 24. In the final F major chord (bar 176), the A 

should be equivalent to equal temperament. When NZSSC were rehearsing this piece, 

the A was used to verify their intonation during rehearsals. 

At the end of the workshop, approximately five minutes is allocated to 

summarising the content (PPS. 20, Appendix P) and informing choristers that the next 

step is to apply these skills to the repertoire (PPS. 21, Appendix P).  

The next four phases are used to provide a scaffolding on which to build the 

just intonation of each piece of music. Specifically, (a) different intonations of pitch 

classes are shared during the familiarisation phase; (b) the intonation is practised 

during the realisation phase; (c) problematic moments and modulations are settled 

during the stabilisation phase; and (d) finally, the just intonation is then rehearsed in 

the context of all the other musical elements, such as, dynamics and articulation.  

The Familiarisation Phase. 

The aim of the familiarisation phase is to acquaint choristers with the origins, 

key signatures, and different tunings of the pitch classes that occur when a piece of 
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music is to be sung in just intonation. During this phase, choirs progress from levels 

two to three of the JIR (Table 31). Cashmore (1962, p. 118) believes that choristers 

need to be “aware of keys and scales.” Grant (1987, p. 7), Jordan & Shenenberger 

(2004, p. 14), Moe (1965, p. 2, as cited by Moe, 1973, p. 159), Pfautsch (1973, p. 83) 

and Quinn (1996, p. 9) allude to the importance of singers having an awareness of the 

harmonic context of what they are singing.  

The familiarisation phase is illustrated on Track 8, 

https://youtu.be/JltQM697E7M. Choristers are introduced to the different intonations 

of each pitch class used in a piece of music (Figure 61). When an annotated score is 

unavailable, choristers are required to transfer AWJITS to their part before the 

commencement of this phase (Appendix O). Annotated scores, as shown in 

Appendices H-K, are always preferable so that all choristers have the same markings 

and can see how their part functions in the context of the others. 

 

Figure 61. Intonation of pitch classes for Resonet in Laudibus. 

Each section, outlined on a familiarisation table, for example Table 36, is 

tuned slowly on a single vowel sound, such as /a/. This gives singers time to focus on 

their tuning, and avoids discrepancies in the intonation of different vowel resonances. 

Quinn (1996, p. 9) argues that “it is easier to tune a line through reiteration of one 

https://youtu.be/JltQM697E7M
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confirmed vowel sound than through the variety of changes which occur in the solfa 

syllables.”  

Table 36. Familiarisation Table for Resonet In Laudibus 

Familiarisation Table for Resonet In Laudibus 

SECTIONS 
(BARS) 

PITCH CLASSES VOCAL PART 

5-6 

B-flat Soprano 

G Alto 

E-flat Tenor 

7-10 
A, and B-flat Tenor 

D Bass 

14-16 D Bass 

16-17 (23-24 and 26-27 
are identical) 

B-flat Soprano 

D Tenor and Bass 

21-22 D Tenor 

 

During the familiarisation and realisation phases, choristers are regularly 

reminded to tune their notes to the roots of chords and to keep the origin note in their 

aural memory. It is useful to have the accompanist play the primary origin whenever 

it occurs in the music to verify that the overall level of pitch is tracking as expected. 

To prevent fatigue, vowel sounds can also be varied for subsequent sections. When a 

new piece of music is to be rehearsed, the just intonation of the opening chord is 

established first by using the tune-up process described in Chapter 2 (pp. 36-37), that 

is: 

1. The root is tuned to the origin, which is provided by an external source, such 

as a piano. 

2. The perfect octave is tuned to the root. When notes are doubled at the octave, 

the lower note is always tuned first.  
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3. The fifth, and then third, are tuned.  

4. Finally, sevenths, seconds, fourths and sixths are tuned (in this order). 

This tune-up method is particularly useful when isolating problematic chords. 

For example, it was used during a rehearsal of Resonet in Laudibus (Appendix J) to 

tune chord ii in bar 5: 

1. The basses tuned the G root to the F origin. 

2. The altos tuned the perfect octave to the root. 

3. The tenors tuned the perfect fifth D to the root. 

4. Finally, the sopranos tuned the minor third B-flat to the root. 

Occasionally separate exercises were also created to familiarise choristers with 

different intonations of pitch classes. For example, an exercise was created to 

introduce NZSSC to different intonations of pitch classes in Marie Te Po, Tapu Te 

Po, as shown in Appendix R. 

The Realisation Phase. 

      During the realisation phase, choirs are working at level three of the JIR 

(Table 31) and are learning to tune their notes to the roots of chords by reading 

AWJITS on annotated scores. This process is illustrated on Track 9, 

https://youtu.be/9mtX8FRPsGg. Choristers use their aural discernment skills to 

confirm when their notes are in tune, specifically listening for no beats within and 

between classes of pitch. It is useful to settle the first chord, by using the tune-up 

process, before asking choristers to sing a piece through slowly on a single vowel 

sound. This approach gives the singers time to process the AWJITS and focus on their 

https://youtu.be/9mtX8FRPsGg
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intonation without other distractions. During the realisation phase, the conductor takes 

note of any intonation issues that arise, these can then be isolated and sorted before 

singing it through with text at the correct tempo. To avoid diminishing returns, it is 

useful to divide longer works into shorter, more manageable units. 

The Stabilisation Phase. 

During the stabilisation phase, choirs progress from level three to four of the 

JIR (Table 31). The purpose of this phase is to isolate and stabilise any transitions, 

modulations, and intonation ‘danger zones’. Covey-Crump (1992, p. 1039) refers to 

one of the problems associated with modulations: “Modulation can imply a shift of a 

comma in the ambient pitch, hence the difficulty of returning to the starting pitch after 

a modulation.” The stabilisation and realisation phases share the same pedagogical 

approach, that is, these zones are rehearsed slowly on a single vowel sound before 

reintroducing tempo and text. A demonstration is included on Track 10, 

https://youtu.be/nkUFd31GBnU. When Consortia were rehearsing Ruhethal 

(Appendix H), it was advantageous to stabilise each modulation (Table 37) slowly on 

a single vowel sound.  

Table 37. Stabilisation Table for Ruhethal 

Stabilisation Table for Ruhethal  

SECTIONS 
(BARS) 

MODULATIONS 

6-9 D to A 

9-12 A to B 

12-15 B to C-sharp 

15-17 C-sharp to D 

16-22 D to E 

22-24 E to F-sharp 

24-26 F-sharp to D 

 

https://youtu.be/nkUFd31GBnU
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The Contextualisation Phase. 

The final phase of the intonation stage is contextualisation, and is illustrated 

on Track 11, https://youtu.be/Iws7pc2K02w. During this phase, choirs are working at 

level four of the JIR (Table 31), and tuning is rehearsed in context with other musical 

elements, such as dynamics and articulation. 

The Artistry Stage 

The artistry stage of the teaching and learning model is attained when the just 

intonation of a piece has been internalised by the choristers (Figure 62). 

Internalisation was achieved with NZSSC when the choristers had memorised the 

music. During the artistry stage, choirs progress from levels four to five of the JIR 

(Table 31) and choristers learn to communicate to audiences by processing an 

objective for each piece as they perform. This is taught by: (a) the conductor sharing 

his or her translation and interpretation of each piece of music, (b) brainstorming what 

each piece is about, with the choristers, (c) collectively writing objectives for the 

performance of each piece, and (d) processing these objectives during performances 

(Appendix S). The artistry stage is demonstrated in Track 12, 

https://youtu.be/vJElohlJbs0. With NZSSC, it was useful to engage a drama specialist 

for this phase. 

https://youtu.be/Iws7pc2K02w
https://youtu.be/vJElohlJbs0
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Figure 62. The artistry stage of the teaching and learning model. 
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Part 4 

A Comparison with Other Approaches 

The Similarities 

There are similarities between this curriculum and pedagogy and the 

approaches presented in the literature review by Kodály (1941, as cited by Kontra, 

1995), Kardos (2005), Duffin (2006, 2014),  Jordan & Mehaffey (2001), Jordan & 

Shenenberger (2004), and Alldahl (2008): 

1. The development of listening skills is important. 

2. Notes are tuned harmonically, not melodically (Jordan and Mehaffey, 2001, p. 

7). 

3. Harmonic and tonal analyses are prepared before music is rehearsed for the 

first time (Jordan & Mehaffey, 2001; Jordan & Shenenberger, 2004). 

4. Exercises are created and used (Duffin, 2006, p. 16; Kardos, 2005, pp. 37-68; 

Kodály, 1941, as cited by Kontra, 1995, p. 3; Jordan & Mehaffey, 2001, p. 2). 

5. Choristers are required to annotate their scores (Alldahl, 2008, p. 37; Jordan & 

Mehaffey, 2001, video recording). 

6. Symbols are used to show intonations (Alldahl, 2008, p. 37; Duffin, 2014, p. 

46). 

7. Choristers are made aware of how their notes function harmonically with other 

vocal lines (Jordan & Shenenberger, 2004, p. 2). 
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8. A model of each piece is provided before being sight read for the first time. 

Attention is then drawn to the tonic, and exercises are sung to establish the just 

intonation of notes (Jordan & Mehaffey, 2001, pp. 108, 112). 

9. Pieces are rehearsed slowly in the first instance (Jordan & Mehaffey, p. 113) 

to give choristers time to think about their tuning and respond accordingly. 

10. One sustained vowel sound is sometimes used (Jordan & Mehaffey, 2001, p. 

116) to prevent intonation issues resultant from changing and superimposed 

vowel resonances. 

11. The piano is strategically used to support and verify just intonation, but not to 

corrupt its development (Alldahl, 2008, pp. 6, 38; Jordan & Mehaffey, 2001, 

video recording; Jordan & Shenenberger, 2004, p. 9). 

The Differences 

 While there are similarities, there are also noticeable differences: 

1. The systematic approach can be applied to any unaccompanied tonal music in 

a choir’s repertoire. 

2. A methodical score and rehearsal preparation process is used to arrange each 

piece to be sung in just intonation. 

3. Bases are used to provide the basis for just intonation calculations. 

4. AWJITS show how to attain the just intonation of notes. 

5. Tables are provided so AWJITS can be easily assigned to notes. 
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6. Each piece is built up gradually through the successive phases and stages of 

the curriculum framework and teaching and learning model.  

7. Progression through the model is determined using the JIR. 

8. Rehearsal aims and objectives are shared with choristers. 

9. Accuracy of notes, rhythms and texts precede work on just intonation. 

10. A workshop is used to introduce choristers to just intonation concepts, 

particularly, how to recognise when sounds are in tune, and how to align their 

intonation to harmonics.  

11. With the exception of the initiation phase, just intonation exercises are always 

contextual, that is, derived from a choir’s repertoire. 

12. Annotated scores, showing AWJITS and bracketed roots, are given to 

choristers wherever possible. 

13. Choristers are informed of the intonation of pitch classes employed in each 

composition. 

14. Considerable time is allocated to tuning different intonations of pitch classes, 

stabilising modulations, and combining just intonation with other musical 

elements, such as dynamics and articulation. 

15. VOORS are used to add another layer of refinement to the intonation and tone. 
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CHAPTER 4 

__________________________________ 
 

METHODOLOGY AND ADMINISTRATION 

Whatever the field of interest, the distinctive need for case study 

research arises out of the desire to understand complex social 

phenomena. In brief, a case study allows investigators to focus 

on a ‘case’ and retain a holistic and real-world perspective–

such as in studying individual life cycles, small group behavior, 

organizational and managerial processes, neighborhood 

change, school performance, international relations, and the 

maturation of industries.   

 

 

(Yin, 2014, p. 4) 

 

The Purpose 

The above statement by Yin (2014, p. 70) is relevant to this empirical 

research. To increase the validity and reliability of this case study, protocols outlined 

by Yin in his book Case Study Research: Design and Methods have been followed. 

The purpose of this chapter is to outline the structure and procedures that have been 

applied during this case study and to address some of the apprehensions of case study 

research outlined by Yin (2014, p. 2), these are, “conducting the research rigorously, 

avoiding confusion with teaching cases, knowing how to arrive at generalized 

conclusions if desired, carefully managing the effort, and understanding the 

comparative advantage of case study research.” 
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Research Questions 

 Yin (2014, pp. 90-91) mentions the importance of classifying questions into 

five levels. Of these, level 3 questions have been omitted as they are only relevant to 

multiple-case studies (Yin, 2014, p. 91). The levels applicable to this research are: 

 Level 1. Interview questions. 

 Level 2. Subsidiary questions that assist with the collection of data (must be 

about the unit of analysis, that is, the curriculum and pedagogy). 

 Level 4. Main research questions. Yin (2014, p. 91) mentions that this also 

includes information from the literature review. 

 Level 5. Implication questions beyond this case study. 

Table 38 shows the connection between these four levels of questions and the 

multiple sources of evidence used to answer them. 
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Table 38. Research Questions and Sources of Evidence 

Research Questions and Sources of Evidence 

INFERENTIAL 
(Level 5) 

Inferences 

MAIN 
(Level 4) 

Generalisations 

SUBSIDIARY 
(Level 2) 
Findings 

INTERVIEW 
(Level 1) 

Red text = questionnaire only 
Green text = interview only 

SOURCES OF 
EVIDENCE 

Can choral tuning be 
enhanced by 
implementing a 
curriculum and 
pedagogy to teach 
choirs to sing in just 
intonation? 

1: Why do choirs sing out of tune and what 
suggestions are made to overcome tuning problems? 
Does just intonation feature as a solution? 

1: What are the problems? 
a) a)  Why do choirs sing out of tune? 

 

DD: Overall, how easy is it to sing in equal temperament (that is, with 
accompaniment) after learning to sing in just intonation? 
How easy is it for NZSSC? 
EE: Overall, how easy is it to sing in just intonation and equal 
temperament in the same piece of music? 
How easy is it for NZSSC? 

Questionnaires 
Interviews 
Documentation. 
 
 

2: What solutions are offered to overcome tuning problems? 

a) a) Does just intonation appear as a solution? 

 Documentation. 

2: Why is just intonation the best tuning system for 
most unaccompanied tonal choral music? 

3: Should just intonation be used to tune unaccompanied 
tonal choral music? 

a) a) What are the arguments for its use? 
b) b) What are the arguments against its use, can these be 

refuted, and are they important? 

C: What do you hear when notes and chords are tuned in just intonation? 
D: What do you feel when notes and chords are tuned in just intonation? 
E: Do you notice anything else when chords are tuned in just intonation? 
X: Do you think that just intonation should be used to tune 
unaccompanied choral music? 

Questionnaires 
Interviews 
Documentation. 

3: Is there an approach to teaching choirs to sing in 
just intonation? If not, what would constitute an 
effective curriculum (what is taught) and pedagogy 
(how it is taught) to teach choirs to do this, and what 
preparation would be required? 

4: Are there any existing curriculums and pedagogies to 
teach just intonation to choirs? 

a) a) How effective are they? 
 

 Documentation. 

5: What do choirs need to be taught to sing unaccompanied 
tonal music in just intonation? 
 

FF: When rehearsing in a new venue for the first time, how helpful is it to 
spend some time adjusting to its acoustic? That is, adjusting to the effect 
the acoustic has on intonation? 

Conductor-observations 
Questionnaires 
Interviews 
Documentation. 

6: How do conductors prepare to teach their choir(s) to sing 
in just intonation? 

a) a) How effective is the preparation process? 
 

 Direct observations 

7: What resources are required to teach choirs to sing in 
just intonation? 

a) a) How effective are they? 
 

J: How helpful do you find the annotated scores with AWJITS already 
marked on for you? 
How helpful is it for NZSSC? 
K: In most situations, the origin AWJIT () is reset when there is a 
change of key (modulation). How helpful is this? 
How helpful is it for NZSSC? 
L: How helpful is it to have IPA symbols on the annotated scores? 
M: How helpful is it to have the roots of chords in brackets, i.e. (♪), on the 
annotated scores? 
How helpful is it for NZSSC? 

Conductor-observations 
Direct observations 
Questionnaires 
Interviews 
Documentation. 

8: How are choirs taught to sing in just intonation? 
9: What are the similarities and differences between the 
curriculum and pedagogy created during this research and 
existing approaches? 

 Documentation. 

4: How effective is this curriculum and pedagogy to 
teach choirs to sing in just intonation? 

10: How effective is the foundation stage of the proposed 
curriculum and pedagogy? That is, focusing on the 

A: How helpful was it to focus on the accuracy of notes, rhythms and text 
(IPA); and vocal production, before learning how to sing in just 
intonation? 

Conductor-observations 
Direct observations 
Questionnaires 
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orientation, accuracy, text and technical phases before 
learning to sing in just intonation? 

How helpful was it for NZSSC? Interviews 
Documentation. 

11: How effective is the intonation stage of the proposed 
curriculum and pedagogy? 

a) a) How effective is the initiation phase? 
b) b) How effective is the familiarisation phase? 
c) c) How effective is the realisation phase? 
d) d) How effective is the stabilisation phase? 
e) e) How effective is the contextualisation phase? 

 

B: How easily are you able to hear harmonics? 
How easy is it for NZSSC? 
F: How would you rate your ability to read AWJITS? 
How would you rate NZSSC’s ability? 
G: When reading AWJITS for the first time in a piece of music, how 
helpful was it to sing on one vowel sound? 
How helpful was it for NZSSC? 
H: When reading AWJITS for the first time in a piece of music, how 
helpful was it to sing the music through at a slower tempo? 
How helpful was it for NZSSC? 
I: Overall, how easy is it to read AWJITS when singing text? 
How easy is it for NZSSC? 
N: How would you rate your ability to write in AWJITS from written 
instructions? 
How would you rate NZSSC’s ability? 
O: How helpful is it to be introduced to the different intonations of each 
note used in a piece of music before singing it? 
How helpful is it for NZSSC? 
P: When focusing on intonation in rehearsals, how helpful do you think it 
is to divide up longer pieces of music? 
Q: When rehearsing a piece of music, how useful is it to systematically 
build up chords that are difficult to tune (from the root)? 
R: When rehearsing a piece of music, how useful is it to systematically 
work on the difficult intonation areas (intonation ‘danger zones’? 
S: When rehearsing a piece of music, how useful is it to systematically 
work on the modulations (that is, when the music changes key)? 
T: Overall, how easy is it to read AWJITS when you are also reading 
dynamics and articulation marks? 
How easy is it for NZSSC? 

Conductor-observations 
Direct observations 
Questionnaires 
Interviews 
Documentation. 

12. How effective is the artistry stage of the proposed 
curriculum and pedagogy? 
 

U: Overall, how easy is it to sing in just intonation when you are 
communicating to an audience during a performance? 
How easy is it for NZSSC? 
V: Overall, how easy is it to singing in just intonation when you are 
performing from memory? 
How easy is it for NZSSC? 

Conductor-observations 
Direct observations 
Questionnaires 
Interviews 
Documentation. 

13. How helpful is it for the stages and phases to be 
scaffolded? 

W: How helpful is it to build up the musical dimensions of a piece 
gradually during subsequent rehearsals? 

Questionnaires 
Interviews 
Documentation. 

14. Overall, how effective is the curriculum and pedagogy at 
teaching choirs to sing in just intonation? 

Y: Overall, how effective was the system at teaching you to sing in just 
intonation? 
How effective was it for NZSSC? 
GG: Have there been any other benefits of this system, other than 
intonation? 
What about NZSSC? 
HH: Do you have any suggestions for future implementations of this 
system? 

Conductor-observations 
Direct observations 
Questionnaires 
Interviews 
Documentation. 

5: How effective is this curriculum and pedagogy at 
enhancing choral intonation? 

15. Were there improvements in intonation? Z: Has the system enhanced your sense of intonation? 
Has the system enhanced NZSSC’s? 
AA: Has the system enhanced your intonation? 
BB: Has the system enhanced your section’s intonation? 
CC: Has the system enhanced the intonation of your choir? 
Has the system enhanced the intonation of NZSSC? 

Conductor-observations 
Direct observations 
Questionnaires 
Interviews 
Documentation. 
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Case Study Design and Protocol 

This research follows a single-case study model with embedded subunits of 

analysis (NZSSC and Consortia). It has been written in APA style, follows a linear-

analytic structure, and is in two volumes: 

1. The thesis 

2. The appendices. 

A case study design was selected as the research satisfied the following 

criteria outlined by Yin (2014, p. 2) in his book Case Study Research: Design and 

Methods: 

 The research is explanatory and revelatory in nature. 

 “The main research questions are ‘how’ or ‘why’.” 

 There is “little or no control over behavioural events.” 

 It is contemporary. Yin (2014, p. 12) explains that research is contemporary 

when data is collected through observations and interviews. 

The unit of analysis was the curriculum and pedagogy created to teach choirs 

to sing in just intonation, and enhance tuning. 

Contexts 

The embedded subunits of analysis were the contexts in which the curriculum 

and pedagogy were implemented and evaluated, that was, NZSSC and Consortia. The 

results, analysis and discussion of the implementation is reported in Chapter 5. These 

choirs were selected as I had regular contact with them as their conductor; Yin (2014, 

p. 28) mentions the importance of accessibility when selecting contexts. 
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Context 1: NZSSC. 

NZSSC is a national choir comprising approximately 60 high school singers. 

The choir rehearses for a week at a time during school holidays and is auditioned 

biannually. Data pertaining to the effectiveness of the curriculum and pedagogy to 

teach the choristers to sing in just intonation was collected for 17 months between 7 

April, 2015 and 27 August, 2016 during rehearsals and performances. Specifically: 

 Wellington, 7-13 April, 2015. 

 Christchurch, 23-24 May, 2015. 

 Auckland, 6-12 July, 2015. 

 Christchurch, 28 September-4 October, 2015. 

 Whanganui, 20-24 January, 2016. 

 Wellington, 18-25 April, 2016. 

 Auckland and Canada, 29 June-15 July, 2016. 

 Dunedin, 26-27 August, 2016. A questionnaire was used to survey choristers 

and a shorter case study interview to survey staff.  

Context 2: Consortia. 

Consortia is the University of Canterbury’s auditioned chamber choir. It 

comprises approximately 35 members who are predominantly tertiary students at the 

University of Canterbury. The choir rehearses weekly during university semesters. 

Data pertaining to the effectiveness of the curriculum and pedagogy to teach the 
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choristers to sing in just intonation was collected during semester one, 2016 between 

25 February and 2 June. Specifically: 

 25 February. 

 2, 10, 17, 24 & 31 March. 

 7 & 14 April. 

 5, 12, 19, 23, 26 & 30 May. 

 2 June. 

 A questionnaire was used to survey choristers on 15 September. 

Ethics 

Ethics approval was granted, and written consent obtained from choristers 

who were involved in the audio recording and filming of rehearsals and performances. 

With Consortia, the process of obtaining consent was ongoing as new choristers were 

accepted during the implementation phase. Consent was also obtained from parents if 

singers were under the age of 18. An example of a consent form is included in 

Appendix T. Choristers were also assured that any visual footage would focus on the 

researcher and that their anonymity would be maintained as the results would refer to 

the whole choir. In the visual recordings, the faces of participants have been blanked 

out to maintain their anonymity.  

Additional ethics clearance was also sought to complete questionnaires with 

the choristers, and interviews with the artistic staff of NZSSC. One of the conditions 

was that participants had the option of opting out of the study. This was mentioned in 
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the introductory statement in the questionnaire (Appendix U, lines 4-5) and at the 

beginning of the interview (Appendix V, line 7). 

Single Versus Multiple-Case Study 

A multiple-case study design was not appropriate for this investigation as the 

implementation of the curriculum and pedagogy could not be identically replicated in 

each context due to the different “contextual conditions” (Yin, 2014, p. 162). For 

example, the approach had to be adapted for each choir as NZSSC rehearsed for one 

week at a time during school holidays, whereas Consortia practised weekly during 

university semesters. The complexity of each choir’s repertoire, the proportion of 

unaccompanied versus accompanied singing, and the attention span of the choristers 

also needed to be considered. Yin (2014, p. 145) discusses the differences between 

literal and theoretical replication, and in this case study, the implementation was 

theoretical. This had an impact on validity, but the measures discussed in the next 

section were put in place to counter this. What this meant was that the research 

concerned one case study involving two choirs. 

Validity and Reliability 

The validity and reliability of a case study can be improved by considering its 

construct, interval, and external validity, and reliability (Yin, 2014, pp. 45-49). 

Construct Validity. 

Yin (2014, p. 238) defines construct validity as “the accuracy with which a 

case study’s measures reflect the concepts being studied.” Construct validity was 

enhanced in this research by: (a) storing evidence in a case study data base, this will 
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be described in the internal validity section below; (b) having the research regularly 

reviewed by a supervisory team; and (c) using multiple sources of evidence. 

 Multiple sources of evidence. 

Yin (2014, p. 120) emphasises the importance of using multiple sources of 

evidence when he states that a “case study finding or conclusion is likely to be more 

convincing and accurate if it is based on several sources of information…” In this 

research, data was collected from multiple sources using a mixed methods approach 

to strengthen the results (Yin, 2014, pp. 65-66), that was, a combination of qualitative 

(participant-observations, direct observations of audio and visual recordings, and 

documentation) and quantitative (surveys and shorter case study interviews) evidence. 

Participant-observations. 

Yin (2014, p. 240) explains that participant-observations are “the mode of data 

collection whereby a case study researcher becomes involved in the activities of the 

case being studied.” In this research, the term ‘conductor-observations’ has been used 

instead of ‘participant-observations’ for greater clarity. At the conclusion of 

rehearsals and performances, data was collected in relation to the level 2 research 

questions, 10-15 (Table 38), in two ways: as observation and evaluation notes (as 

shown in Appendix W), and on a tracking sheet in which progression through the 

stages and phases of the teaching and learning model was recorded using the JIR 

(Table 73-76). Throughout this investigation, effectiveness was measured by 

considering strengths, limitations and recommendations for future implementations. 

There was some bias with the conductor-observations in that data could only be 

collected at the end of rehearsals and performances as the observer was involved in 

the process. 
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Direct observations of audio and visual recordings. 

To overcome the caveat outlined above, direct observations of audio and 

visual recordings were sometimes used to corroborate data. For example, if the notes 

from conductor-observations required more detail, the audio and visual recordings 

were reviewed. 

Questionnaires. 

When the implementation of the curriculum and pedagogy was completed, 

choristers in both choirs were asked to complete a questionnaire (Appendix U) so that 

data could be collected for the level 1 research questions (Table 38). The purpose of 

the questionnaires was to find out what the choristers of NZSSC and Consortia 

thought about the curriculum and pedagogy I had created to teach them to sing in just 

intonation. A total of 89% of participants were involved in the survey, specifically, 

98% of NZSSC and 73% of Consortia. An example of the raw data for one of the 

survey questions is shown in Appendix X. Choristers who sang in both choirs were 

only surveyed once, and singers who were absent on the day of administration were 

followed up via email (as shown in the table in Appendix Y).  

Shorter case study interviews. 

An interview, rather than a questionnaire, was used to survey the two members 

of the artistic staff41 of NZSSC so that it was possible to ask them to elaborate on their 

answers. The purpose of the shorter case study interviews was to find out what the 

staff thought about the curriculum and pedagogy I had created to teach the choristers 

of NZSSC to sing in just intonation. Both staff members participated in the survey, 

                                                           
41 There were no full-time artistic support staff for Consortia. 
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and their interviews were recorded and transcribed. An example of the raw data for 

one of the survey questions is shown in Appendix Z. 

Prior to the administration of the survey, feedback was sought on the 

construction of the questionnaire and shorter case study interview, and both were 

trialled. A potential bias was that due to time and cost constraints, the researcher had 

to administer the surveys himself. 

Focus groups were considered, but there were difficulties with coordinating 

these in each context, and it was more equitable to include all participants. Moreover, 

the time involved in training an expert panel in just intonation meant that this was not 

a viable option in the evaluation of audio and visual recordings. 

Documentary evidence. 

During this research, data was also collected from various documents in 

relation to the level 2 questions, 1-9 (Table 38), specifically, the literature on choral 

pedagogy (Chapter 2), diary entries, correspondence (emails), messages, anecdotes 

and meeting notes. 

External Validity. 

Yin (2014, p. 238) defines external validity as “the extent to which the 

findings from a case study can be analytically generalized to other situations that were 

not part of the original study.” To enhance external validity, results from the multiple 

sources of evidence discussed in the last section, were corroborated (Yin, 2014, p. 

119) to answer the level 4 research questions (Table 38) and make generalisations for 

this case study only (Yin, 2014, p. 17). These generalisations are presented in Chapter 

5. Yin (2014, p. 237) defines analytic generalisations as “the logic whereby case study 
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findings can extend to situations outside of the original case study, based on the 

relevance of similar theoretical concepts or principles.” After discussion of these 

generalisations, and any unexpected difficulties with the case study, implications are 

presented in the final chapter to answer the level 5 research question. (Table 38). 

Internal Validity. 

Yin (2014, p. 239) defines internal validity as “the strength of a cause-effect 

link made by a case study, in part determined by showing the absence of spurious 

relationships and the rejection of rival hypotheses.” 

 Analysis process. 

To enhance internal validity, data was collated and corroborated for various 

research questions using “empty table shells” (Yin, 2014, p. 93), as shown in Table 

39.  



ENHANCING CHORAL INTONATION  Volume 1: Thesis 

 

163 
 

Table 39. Analysis Shell 

Analysis Shell 

RESULTS AND ANALYSIS 

Research question: Level: 

  Sources of evidence 

Conductor-
observations 

Direct 
observations 

Questionnaires Interviews Documentation 
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The trends from each level of questioning were then analysed using a “ground 

up” (Yin 2014, p. 136) approach, as shown in Figure 63. 

Inferences (Level 5) 
 

Generalisations (Level 4) 
 

Findings (Level 2) 
 

Interviews (Level 1) 

Figure 63. A "ground up" approach (Yin, 2014, p. 136). 

A time-series analysis (Tables 73-76) was also used to show the “causal 

effect” (Yin, 2014, p. 156) between the improvement in intonation and the 

implementation of the curriculum and pedagogy. The “specific indicator” (Yin, 2014, 
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p. 154) was the JIR and the “specific time intervals” (Yin, 2014, p. 154) were the 

rehearsals and performances. Alternative explanations for the results were also 

considered, such as the atmosphere of the learning environment and attitude of the 

choristers. 

Reliability. 

Yin (2014, p. 240) defines reliability as “the consistency and repeatability of 

the research procedures used in a case study.” In this case study, reliability was 

increased by (a) following the protocol outlined in this section (Yin, 2014, p. 49), (b) 

establishing and maintaining a database to keep track of evidence (Yin, 2014, pp. 49, 

102), (c) addressing possible sources of bias and alternative positions, (d) explaining 

caveats of the study, and (e) reporting in such a way that the case study could be 

replicated by other researchers in the future. 

Case study database. 

Yin (2014, p. 238) describes case study databases as follows:  

The systematic archive of all the data (field notes, documents, 

archival records, etc.) from a case study, assembled to enable 

the later retrieval of specific pieces of evidence, if needed, and 

sufficiently organized so that the entire archive can be reviewed 

by an outside reader, if desired. 

The case study database for this research is currently located at the University 

of Canterbury, School of Music, in Room 203 and includes:  

 Participant and direct observation notes and evaluations. 

 Audio and visual recordings of rehearsals and concerts. 
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 Consent forms from choristers and artistic staff. 

 Survey plan. 

 Trial questionnaires and interviews. 

 Completed questionnaires, and interview transcripts. 

 Rehearsal schedules and plans. 

 Music scores. 

 Just intonation annotations, notes and resources. 

 IPA notes and text translations. 

 Content and objectives forms. 

 Articles. 

 Concert programmes and promotional material. 

 Emails from choristers, colleagues and parents. 

 Feedback from colleagues on concerts. 

 Notebooks. 

 Research seminar DVD recording. 

 Back-up USB drives. 

Yin (2014, p. 70) states that “many people incorrectly believe they are 

sufficiently skilled to do case study research because they think the method is easy to 

do. In fact, case study research is among the hardest types of research because of the 

absence of well-documented procedures.” To increase the validity and reliability of 

this research, the procedures outlined by Yin (2014) in his book Case Study Research: 

Design and Methods have been followed. One of his recommendations is to collect 

and use multiple sources of evidence. Chapter 6 presents, analyses and discusses the 

results of the corroborated data.   
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CHAPTER 5 

__________________________________ 
 

RESULTS, ANALYSIS AND DISCUSSION 

With the implementation of this system, we [NZSSC] have 

taken our sound to a new level. This is most clearly seen by 

the comments made about us at Kathaumixw. 

 

(NZSSC chorister) 

 

The curriculum and pedagogy were systematically implemented with NZSSC 

and Consortia using each choir’s respective repertoire (shown in Table 40), and the 

resources created as part of this research. The implementation took place between 

April 2015 and August 2016 with NZSSC, and during the first university semester of 

2016 with Consortia. Data pertaining to the effectiveness of the curriculum and 

pedagogy was collected using multiple sources of evidence, that is, direct or 

conductor-observations of rehearsals and performances, chorister questionnaires, 

interviews with supporting artistic staff, and documentation that tracked the progress 

of each piece using the phases of the teaching model and the JIR (Tables 73-76). For 

each aspect42 of the curriculum and pedagogy (Table 41), analysis shells were used to 

collate and corroborate the results, and group them according to their degree of 

effectiveness. An example of a completed analysis shell is shown in Appendix AA.  

This chapter presents and discusses these corroborated results by evaluating, 

in turn, the aspects of the curriculum and pedagogy that were: 

                                                           
42 The ‘aspects’ of the curriculum and pedagogy include the underpinning processes and conventions, 

stages, phases, and resources. 
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1. Most effective (pp. 170-177). 

2. Effective (pp. 178-198). 

3. Moderately effective (pp. 199-200). 

4. Least effective (pp. 201-203). 

The survey results are presented in Tables 42-44 and 48-72. These tables show 

participants’ views of different parts of the curriculum and pedagogy. Results have 

then been grouped into positive (highlighted in yellow), negative (highlighted in red), 

and neutral responses (highlighted in blue).  

By considering each aspect, it was possible to determine the overall 

effectiveness of the curriculum and pedagogy to teach NZSSC and Consortia to sing 

in just intonation, and enhance their tuning.  
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Table 40. NZSSC's and Consortia's Repertoire 

NZSSC's and Consortia's Repertoire 

NZSSC 
(2015-16) 

CONSORTIA 
(2016) 

The Drunken Sailor  
(Traditional, arr. Sund, R.) 

Ave Maria (des Prez, J.) 

Hine, E Hine  
(Te Rangi Pai, arr. Withington, A.) 

In Flanders Fields (Shepherd, P.) 
 

In Remembrance (Childs, D. N.) Introit (Withington, A.) 

Jauchzet dem Herrn, alle Welt 
(Mendelssohn Bartholdy, F.) 

La, la, la, je ne l’ose dire (Certon, P.) 

Loch Lomond  
(Traditional, arr. Lantz III, D.) 

Le Masina E (Rapana, S.) 

Lota Nu’u & Manu O Le Vaveao 
(Traditional, arr. Rapana, S.) 

O Magnum Mysterium (Busto, J.) 
 

Marie Te Po, Tapu Te Po 
(Gruber, F., arr. Withington, A.) 

Oh, Didn’t it Rain 
(Traditional, arr. Fergusson, N., &  

van den Broek, A.) 

Media Vita  
(Balbulus, N., arr. McGlynn, M.) 

Oriori (Withington, A.) 

O Magnum Mysterium (Artley, C.) Resonet in Laudibus (Handl, J.) 

O Magnum Mysterium  
(Childs, D. N.) 

Ruhethal 
(Mendelssohn Bartholdy, F.) 

Past Life Melodies (Hopkins, S.) Rytmus (Hrušovský, I.) 

Rotaļa (Karlsons, J.) Sing Joyfully (Byrd, W.) 

Singet dem Herr ein Neues Lied 
(Schütz, H.) 

Soon May the Wellerman Come 
(Traditional, arr. Oswin, R.) 

Whanau Marama (Hamilton, D.) Tanzen und Springen (Hassler, H.) 

 
 
 

Vårvindar friska 
(Traditional, arr. Phillips, S.) 

Whisper You all the Way Home 
1. Only the Moon Has Secrets 
2. The Boatie Baby’s Lullaby 
3. Papatōwai Lullaby 

(Hamilton, D.) 

Who Shall Win My Lady Fair? 
(de Pearsall, R.) 
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Table 41. The Aspects of the Curriculum and Pedagogy 

The Aspects of the Curriculum and Pedagogy 

UNDERPINNING PROCESSES AND CONVENTIONS 

1. The learning environment 
2. The conductor 
3. Score and rehearsal preparation process 
4. Chorister placement and choir formations 
5. Teaching and learning process 
6. Just intonation 
7. Listening 
8. Tuning process 
9. Acoustical adaptation process 
10. Keyboards 

 

STAGES AND PHASES 

1. The foundation stage 
a) The orientation phase 
b) The accuracy phase 
c) The text phase 
d) The technical phase 

2. The intonation stage 
a) The initiation phase 
b) The familiarisation phase 
c) The realisation phase 
d) The stabilisation phase 
e) The contextualisation phase 

3. The artistry stage 
 

RESOURCES 

 JIR and tracking sheets 

 Recordings 

 A Monochord 

 PowerPoint presentation 

 AWJITS 

 SRB and CRB 

 Notes for choristers 
o Ensemble notes 
o IPA symbols 
o Tuning annotations 
o Intonations of pitch classes 
o Objectives 

 Annotated scores 

 Familiarisation tables 
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The Most Effective Aspects of the Curriculum and Pedagogy  

Underpinning Processes and Conventions 

The Learning Environment. 

Researchers Covey-Crump (1992, p. 1031), Grant (1987, p. 9) and Telfer 

(2000, p. 69) all mention the importance of having a positive environment for 

learning, and as the conductor of the choirs, my goal was to create a learning 

environment that was collaborative and supportive. Over time, members of Consortia 

took increasing responsibility for the choir’s intonation. Occasionally, sectional 

rehearsals were held without prompting from me, and one of the senior choristers 

gave intonation hand signs to his section. He was also observed using AWJITS to 

correct intonation issues when he was taking warm-ups. While it is possible that he 

was doing this to impress other singers with his knowledge, it was evident that the 

solutions he offered were based on what he had learnt and was hearing. The rehearsal 

objectives I set appeared to be beneficial in maintaining the focus of the choristers. 

Progress with just intonation was occasionally compromised by poor 

attendance and the passivity of some choristers, and it was evident that some sections 

occasionally relied on stronger singers for intonation cues.  

Chorister Placement and Choir Formations. 

The positive effects of voice matching NZSSC are illustrated in Track 13, 

https://youtu.be/Zoqij4aiHgU. While voice matching took time to complete, the 

unified sound made it easier and quicker to achieve good just intonation results. These 

findings are consistent with the views of Delvaux & Howard (2013, p. 3417), 

Liemohn (1958, p. 51) and Smith & Sataloff (2013, pp. 242-243), each of whom note 

https://youtu.be/Zoqij4aiHgU
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the importance of voice matching. The basses of Consortia, and sopranos of NZSSC, 

were re-matched when they experienced difficulties producing a blended tone. 

Different choir formations also enhanced the intonation of each choir for 

certain pieces of music. For example, in bars 45-56 of Media Vita, the consecutive 

octaves were more in tune when the NZSSC sopranos were positioned in front of the 

tenors. This was because the sopranos were able to align their tuning to the harmonics 

of the notes sung by the tenors. Similarly, in Only the Moon Has Secrets (in Whisper 

You all the Way Home), the tenors of Consortia found it easier to match the bass 

soloist’s tuning when he was placed beside them. Changing formations were also 

beneficial during performances as they gave choristers time to focus their attention on 

the next piece in the programme.  

Teaching and Learning Process. 

Hattie (2009, p. 35) emphasises the importance of “having strategies that are 

planned, deliberate, and having explicit and active programmes that teach skills and 

deepen understanding.” I found the curriculum and pedagogy effective as just 

intonation was developed gradually as choristers progressed through the stages and 

phases of the model. 95.1% of participants were positive about the scaffolded 

approach to learning (Table 42).  
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Table 42. The Effectiveness of Scaffolded Learning 

The Effectiveness of Scaffolded Learning 

How helpful is it to build up the musical dimensions of each piece gradually during 
subsequent rehearsals? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 33 16 2 51  

95.1% 2: Helpful 15 8 0 23  

3: Somewhat helpful 4 0 0 4  

4: Not too helpful 1 0 0 1  
1.2% 

5: Not at all helpful 0 0 0 0 

6: No answer 3 0 0 3  3.7% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

Choristers commented that the systematic rehearsals increased their 

confidence. So that choristers were not saturated with too much information at one 

time, notes on each of the pieces were issued gradually in the following way, a 

practice that was appreciated by the singers: 

1. Ensemble notes were issued prior to the accuracy phase. 

2. IPA symbols were issued prior to the text phase. 

3. AWJIT annotations were issued prior to the familiarisation phase. 

4. Objectives were issued prior to the artistry stage. 

While there was a thorough plan for each rehearsal, there was flexibility to 

respond to the ongoing needs of choristers. For example, the intonation stage for 

Rotaļa had to be postponed at one point as there were too many unresolved accuracy 

issues which needed to be addressed first. Transitional phases were subsequently 

added to the teaching model to reflect the need for fluidity. Also, to maintain the 

attention of choristers and avoid diminishing returns, it was beneficial to divide longer 
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works into more manageable units, such as in Jauchzet dem Herrn, alle Welt, and to 

restrict the time spent on each piece to 15 minutes. 

Just Intonation. 

Table 43 shows that 91.5% of participants were positive about the use of just 

intonation, and no one thought that it should not be used. It could be argued that my 

enthusiasm for just intonation biased these results, however, choristers reported that 

they heard improvements in their respective choirs and felt that it was becoming 

easier to sing in just intonation. “It always makes me feel so happy when we all sing 

in tune and when we do actually sound locked in tune. It is such a satisfying feeling” 

(A. Dolan, NZSSC chorister, personal communication, July 2016). There were many 

moments in rehearsals and concerts when chords fully resonated as a result of being 

tuned in just intonation. Overall, the sound of both choirs became more vibrant and 

settled as there were fewer beats between the sung notes, harmonics and resultant 

tones. Tracks 14 (https://youtu.be/7yYbF2FGXFw) and 15 

(https://youtu.be/XkL6Ipw9E_g) illustrate the improvement in Consortia’s intonation. 

No pre-recordings were made with NZSSC, but Track 16 (https://youtu.be/5op_-

su4GBU) shows the choristers ability to sing in just intonation. Over time, just 

intonation appeared to become the norm for NZSSC and Consortia. At times, moving 

between unaccompanied and accompanied textures was a challenge for NZSSC, but 

their ability to do this improved with practice. Essentially, there is a need for 

choristers to develop the skills to be able to fluidly alternate between just intonation 

and temperaments. This adaptability is probably the key to the acceptance and use of 

just intonation among conductors and choristers.  

https://youtu.be/7yYbF2FGXFw
https://youtu.be/XkL6Ipw9E_g
https://youtu.be/5op_-su4GBU
https://youtu.be/5op_-su4GBU
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Table 43. The Effectiveness of Just Intonation for Unaccompanied Choral Music 

The Effectiveness of Just Intonation for Unaccompanied Choral Music 

Do you think that just intonation should be used to tune unaccompanied choral music? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Yes 39 13 1 53 

91.5% 2: Mostly 10 9 1 20 

3: Sometimes 1 1 0 2 

4: No 0 0 0 0 0% 

5: Unsure 5 1 0 6 
8.5% 

6: No answer 1 0 0 1 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

Just intonation should be the preferred tuning system for most unaccompanied 

tonal choral music as there is an absence of beats between pitch classes. However, 

temperaments may be more suitable for some music, including ethnic and modern 

music. Further, some composers may specifically request that just intonation not be 

used. Some choirs may also not have the time, ability, or conductor expertise to utilise 

just intonation fully. In this research, the curriculum and pedagogy were implemented 

with choirs in which most members were serious about choral singing, and musically 

able to learn the techniques.  

Atonal music. 

Atonal music was not the focus of this research; however, my intention is to 

research the application of just intonation to atonal music in the future. It may be 

possible to create an atonal base for compositions that do not have a clear sense of 

tonality, for example, atonal, serial, bitonal, and tonally ambiguous music. When 

singing in difficult tonalities, such as polytonal music, Havrøy (2013, final para.) 

suggests that “…[singers] construct local tonal structures to help stabilize their pitch 

production.” It is likely that, in difficult tonalities or in atonal music, the origins and 
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roots will be tuned in equal temperament, and the other notes of chords in just 

intonation. Alldahl (2008, p. 49) also recommends this approach, however, equal 

temperament may be the preferred option as the music was probably composed with 

this in mind. 

Tuning Process. 

When isolating difficult chords, it was effective to use the tune-up method (pp. 

36-37) to build chords from the root in the following order: octave, fifth, third, 

seventh, second, fourth and sixth. While it took time, the tune-up method was 

beneficial as it gave choristers time to process the intonation required and respond 

accordingly. It also gave me time to guide the choristers through the process of 

aligning their intonation with the harmonics. Moreover, Table 44 shows that all 

participants were positive about this process, and many commented that it increased 

their awareness of the function of notes within chords and helped them to tune to the 

overtones. 

Table 44. The Effectiveness of Tuning Notes from the Root 

The Effectiveness of Tuning Notes from the Root 

When rehearsing a piece of music, how useful is it to systematically build up chords that 
are difficult to tune (from the root)? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 41 17 2 60 

100% 2: Helpful 11 6 0 17 

3: Somewhat helpful 4 1 0 5 

4: Not too helpful 0 0 0 0 
0% 

5: Not at all helpful 0 0 0 0 

6: No answer 0 0 0 0 0% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 
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During rehearsals, it was useful to tune the first chord of each piece using this 

tune-up method as it gave choristers time to adjust to a new tonality. For example, 

when the chords in bar 4-5 of Resonet in Laudibus needed to be rehearsed, it was 

beneficial to tune the first chord in the sequence (an F major chord). It was discovered 

that by doing this, the tuning of the other chords fell into place more easily. It was 

also helpful to use this method to tune the extended chords in Rotaļa, and it would 

have been beneficial to do this in O Magnum Mysterium (Artley) as the success of 

these chords varied from performance to performance. Occasionally, some choristers 

forgot to match their intonation to other sections of the choir when they were singing 

unisons or octaves. NZSSC had to be reminded of this when they were rehearsing 

Jauchzet dem Herrn, alle Welt. 

It was discovered that most chords were best tuned from the root, but there 

were contexts where it was easier to tune from other notes. For example, it was 

preferable to tune the last four bars of Only the Moon Has Secrets (in Whisper You all 

the Way Home) from the soprano E as it was constant to each chord. It may be easier 

to tune some minor chords in the pattern 3rd-1st-5th, diminished chords 5th-1st-3rd, and 

augmented chords 3rd-5th-1st, but it is difficult to provide a general rule as these 

situations can only be determined by the musical context. 

In another choir, a member of Consortia mentioned how unhelpful it was to be 

given a starting chord from a piano in equal temperament, and that it was even worse 

because the piano was out of tune within itself. In Consortia, a chorister with perfect 

pitch initially sang starting notes in rehearsals and performances for the benefit of the 

singers. Other members of the choir could then align their starting notes to her 

intonation. This was not the case in NZSSC, and initially, the orientation note was 

provided from the piano. Unfortunately, this led to some uncertain opening chords 
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during concerts, such as the first chord of O Magnum Mysterium (Childs), as some 

choristers struggled to find their starting note. As an interim measure, opening pitches 

were played on the piano to give choristers a sense of the tonality. This was followed 

by a brief pause before playing just the orientation note in a higher octave as an aural 

reminder to tune to the harmonics. However, it is preferable, wherever possible, to 

give starting pitches from a voice so that singers can tune to its harmonics, rather than 

being cued in the temperament of the piano. Moreover, when giving orientation notes 

using the voice, it was discovered that an /a/ vowel is better than humming on a /m/ 

consonant as the harmonics are more audible. 
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The Effective Aspects of the Curriculum and Pedagogy  

Underpinning Process and Conventions 

The Conductor. 

Knight’s “8People” model (Knight, Improving Teaching Using 8People, 2016, 

p. 4) was useful in determining how effective I was at teaching NZSSC and Consortia 

to sing in just intonation. Telfer (2000, p. 5) emphasises the pivotal role conductors 

play in rehearsals. Overall, my leadership style was decisive and effective because 

rehearsals were thoroughly planned and based on the ongoing needs of the choristers, 

tuning issues were promptly identified and resolved in a way that ensured the dignity 

of individual members, and the intonation was further enhanced through my use of 

supportive conducting gestures, facial expressions, and reactions during 

performances. Eichenberger (1994) demonstrates the effects of the conducting gesture 

on intonation in his video What They See is What You Get.  

Score and Rehearsal Preparation Process. 

During the implementation of the curriculum and pedagogy, modifications 

were made to the preparation process to make it easier for me to follow. I found that it 

was best to include all intonation information on the score so that it could be quickly 

referred to during rehearsals. AWJITS tables (CRB, Appendix L) also made it easier 

to assign symbols to notes as I no longer needed to perform long mathematical 

calculations to work them out. The intonation of pitch classes documents (for 

example, Figure 54) were more succinct and easier to produce than the initial 

familiarisation documents, and the tracking sheets (Tables 73-76) were useful in 

measuring the progression of each piece through the stages and phases of the teaching 
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model, and planning for subsequent rehearsals. While this process involved a lot of 

time, the long-term benefits to the choirs’ intonation justified this procedure. For 

example, with Consortia, it was inefficient when rehearsal time was used to mark 

AWJITS for Le Masina E. It would have been better to have had this prepared and 

sent out to choristers before the first intonation stage rehearsal. 

There were times when different tuning decisions could have been made 

during the preparation process. For example, it was predicted that Ruhethal 

(Appendix H) would drift 22 cents flat (highlighted in red in Table 45) as a 

consequence of a succession of secondary dominant chords in the last four bars. 

Table 45. Flatting in the Overall Level of Pitch of Ruhethal (Bars 33-36) 

Flatting in the Overall Level of Pitch of Ruhethal (Bars 33-36) 

BAR 
SOPRANO 
(in cents) 

ALTO 
(in cents) 

TENOR 
(in cents) 

BASS 
(in cents) 

33 386 (F-sharp) 

386 (F-sharp) 702 (A) 0 (D) 

182 (E) 772 (A-sharp) 
1088  

(C-sharp) 

34 
386 (F-sharp) 70 (D-sharp) 884 (B) 884 (B) 

884 (B) -22 (D) 182 (E) 568 (G-sharp) 

35 
182 (E) 

-22 (D) 182 (E) 

680 (A) 1066  
(C-sharp) 

476 (G) 
364 (F-sharp) 

36 -22 (D) 680 (A) 364 (F-sharp) -22 (D) 

Optimal 0 702 386 0 

Drift -22  -22 -22 -22 

 

To prevent this fall in the overall level of pitch, the just intonation was based 

on the prevailing D origin (Table 46). Unfortunately, this compromised the V to I 

relationships of the secondary dominant chords, and the tuning still drifted flat from 

time to time.  
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Table 46. Just Intonation of Ruhethal (Bars 33-36) Based on the Origin. 

Just Intonation of Ruhethal (Bars 33-36) Based on the Origin 

BAR 
SOPRANO 
(in cents) 

ALTO 
(in cents) 

TENOR 
(in cents) 

BASS 
(in cents) 

33 386 (F-sharp) 
386 (F-sharp) 702 (A) 0 (D) 

182 (E) 772 (A-sharp) 
1088  

(C-sharp) 

34 
386 (F-sharp) 70 (D-sharp) 884 (B) 884 (B) 

884 (B) 0 (D) 204 (E) 590 (G-sharp) 

35 
204 (E) 

0 (D) 182 (E) 

702 (A) 1088  
(C-sharp) 

498 (G) 
386 (F-sharp) 

36 0 (D) 702 (A) 386 (F-sharp) 0 (D) 

Optimal 0 702 386 0 

Drift 0  0 0 0 

 

To maintain the V to I relationships in this sequence of secondary dominant 

chords, and to finish in tune, it would have been better to have sharpened the D major 

chord in bar 33 by a syntonic comma, as shown in Table 47. Figure 64 illustrates this 

tuning adjustment and the revised AWJITS. 

Table 47. Tuning Adjustment in Ruhethal (Bar 33) 

Tuning Adjustment in Ruhethal (Bar 33) 

BAR 
SOPRANO 
(in cents) 

ALTO 
(in cents) 

TENOR 
(in cents) 

BASS 
(in cents) 

33 408 (F-sharp) 
408 (F-sharp) 724 (A) 0 (D) 

204 (E) 794 (A-sharp) 
1110  

(C-sharp) 

34 
408 (F-sharp) 92 (D-sharp) 906 (B) 906 (B) 

906 (B) 0 (D) 204 (E) 590 (G-sharp) 

35 
204 (E) 

0 (D) 204 (E) 

702 (A) 1088  
(C-sharp) 

498 (G) 
386 (F-sharp) 

36 0 (D) 702 (A) 386 (F-sharp) 0 (D) 

Optimal 0 702 386 0 

Drift 0  0 0 0 
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Figure 64. Tuning adjustment in Ruhethal (Bar 33). 

Listening. 

As mentioned in Chapter 3, many researchers emphasise how essential it is for 

choristers to listen critically. These skills were developed during the implementation 

of the curriculum and pedagogy, and by the end, the majority of participants reported 

that they could generally hear harmonics (Table 48). Choristers seemed to become 

more aware of harmonics and were able to tell me that notes tuned in just intonation 

sounded more resonant, blended and stable. An alto in Consortia mentioned that this 

system helped her to hear harmonics that she had never heard before. Many also 

reported that they could physically feel the vibrations of justly tuned chords as well as 

a sense of being emotionally at ease. “You changed my life when I first heard 

harmonics 2 years ago and now I can enjoy the full beauty of music” (A. Dong, 

NZSSC chorister, personal communication, July 2016). During a Consortia rehearsal, 

I experienced a beauty of refined musical expression as the choristers sang The Boatie 

Baby’s Lullaby (in Whisper You all the Way Home). I also observed that the smallest 
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deviations of pitch became increasingly obvious as their fluency with just intonation 

improved. This highlighted the importance of choristers remaining active and alert 

during rehearsals and performances.   

Table 48. The Participants’ Ability to Hear Harmonics 

The Participants’ Ability to Hear Harmonics 

How easily are you able to hear harmonics? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very easily 8 1 0 9 

75.6% 2: Easily 16 7 2 25 

3: Somewhat easily 15 13 0 28 

4: Not too easily 14 1 0 15 
23.2% 

5: Not at all easily 3 1 0 4 

6: No answer 0 0 0 0 
1.2% 

X: Invalid answer 0 1 0 1 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

It is much easier to hear a fuller range of harmonics when you are solely 

listening, and some choristers reported that it was easier to hear harmonics when they 

were pointed out by me when they were in a listening, rather than singing, state. One 

singer also mentioned that it would have been helpful to have had additional 

opportunities to do this. 

Keyboards. 

To maintain a quick pace through the orientation phase, it was sometimes 

necessary to demonstrate passages on the piano. It is preferable not to do this for 

extended periods as it can potentially corrupt the development of just intonation skills.  

During some rehearsals, it was beneficial to use the piano to reiterate the 

primary origin. For example, when practising Marie Te Po, Tapu Te Po with NZSSC, 

the repeated D-flat was a useful reference note. This practice was also helpful when 
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rehearsing Only the Moon Has Secrets (in Whisper You all the Way Home) with 

Consortia. So that these tonal references were audible, they were reiterated at least 

two octaves above the highest vocal line. The use of the piano to reinforce the tonal 

centre is also advocated by Jordan & Mehaffey (2001, p. 111). Only one note was 

played in case the octaves on the piano were out of tune with each other. It could be 

argued that it would be better for choristers to internalise the tonal centre, rather than 

rely on a cue from the piano. While this is true, the reiteration of the tonal centre was 

useful in developing choristers’ tonal memory. The piano was no longer used when 

most singers could remember the tonic. 

Sometimes it was challenging for choristers to pitch the notes of difficult 

chords, particularly when they were practised in isolation and out of context. The 

piano was sometimes used in these situations to maintain the pace of the rehearsal. 

For example, when members of Consortia were having difficulty finding their notes in 

Ruhethal, it was quicker to play these on the piano. This had the disadvantage of 

momentarily corrupting the just intonation, but it did maintain the pace of the 

rehearsal. It may have been better to have returned to the accuracy phase and correct 

the incorrect notes, or take more time to find the root from the prevailing origin and 

then build the chord using the tune-up method. However, the piano can be a useful 

tool for maintaining momentum in rehearsals, and in this way, its advantages 

sometimes outweigh its tuning disadvantages. 
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Stages and Phases 

The Foundation Stage. 

The foundation stage was effective and essential in laying the groundwork for 

singing in just intonation. Even though some participants found it a little tedious, most 

reported that it was useful (Table 49).  

Table 49. The Effectiveness of the Foundation Stage 

The Effectiveness of the Foundation Stage 

How helpful was it to focus on the accuracy of notes, rhythms and text (IPA); and vocal 
production, before learning how to sing in just intonation? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 34 13 2 49 

97.6% 2: Helpful 14 8 0 22 

3: Somewhat helpful 6 3 0 9 

4: Not too helpful 0 0 0 0 
0% 

5: Not at all helpful 0 0 0 0 

6: No answer 2 0 0 2 2.4% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

Rehearsals seemed to be the most tedious at the beginning of the 

implementation as all compositions were at the same point of the teaching model, that 

is, the orientation phase. The tracking sheets (Tables 73-76) show that as rehearsals 

advanced, each piece progressed at different rates through the teaching and learning 

model, and added interest to the process of rehearsing. 

The orientation phase was used to give an overview of each piece, sectional 

rehearsals were a fast and efficient way to teach notes and sort problematic moments, 

and the engagement of artistic support staff ensured that choristers received expert 

advice. For example, it was useful to engage a native German speaker for Ruhethal 

and Tanzen und Springen.  
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Researchers Powell (1991, p. 40) and Wine (2004, p. 23) both mention the 

correlation between rhythmic stability and intonation. This proved to be the case 

when occasionally the choirs experienced difficulties maintaining a sense of pulse 

which, in turn, compromised intonation when notes did not rhythmically align.  

The annotated scores with IPA (for example, Ruhethal, Appendix H) were not 

particularly useful as many choristers were unfamiliar with the symbols. Most 

Consortia members found them generally helpful (Table 50), but some of the IPA 

symbols difficult to interpret. This was probably because not enough time had been 

allocated to learning and assimilating new information. 

Table 50. The Effectiveness of Annotated Scores with IPA Symbols 

The Effectiveness of Annotated Scores with IPA Symbols 

How helpful is it to have IPA symbols on annotated scores? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 

Did not 
have 
IPA 

symbols 
on 

scores. 

5 

Not 
applicable 

5 

87.5% 2: Helpful 5 5 

3: Somewhat helpful 11 11 

4: Not too helpful 3 3 
12.5% 

5: Not at all helpful 0 0 

6: No answer 0 0 0% 

NUMBER OF 
PARTICIPANTS 

24 24 100% 

 



ENHANCING CHORAL INTONATION  Volume 1: Thesis 

 

186 
 

The Intonation Stage. 

 The initiation phase. 

Overall, the initiation phase was effective. The monochord was useful in 

demonstrating just intervals and ratios, and it was beneficial to point out certain 

harmonics to choristers while others were singing. With NZSSC, too much time was 

spent on describing equal, quarter-comma meantone and Pythagorean temperaments 

as their attention waned due to being saturated with information. Further, three hours 

was not enough time to cover the necessary content and some choristers thought that 

intonation needed to be taught earlier so that poor tuning did not become habitual. 

Choristers in both choirs became proficient at reading AWJITS and their 

fluency seemed to improve during the period of this research. This view was 

corroborated by the NZSSC staff, and most participants reported positively about their 

ability to read AWJITS (Table 51). Many commented that this was because the 

symbols were frequently referred to in rehearsals, and were logical and clear. Some 

questioned whether they needed to be included on every note, and this will be 

discussed in Chapter 6. 

I noticed that choristers became quicker at tuning notes when they were 

reading AWJITS, which seemed to increase their motivation and determination to 

succeed. As both choirs progressed, many of the singers took responsibility for their 

choir’s intonation. “Your AWJIT system has truly made a difference to our sound in 

my opinion” (A. Dolan, NZSSC chorister, personal communication, July 2016). 
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Table 51. The Participants’ Ability to Read AWJITS 

The Participants’ Ability to Read AWJITS 

How would you rate your ability to read AWJITS? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Excellent 13 2 1 16 

93.9% 2: Very good 24 9 0 33 

3: Good 17 10 1 28 

4: Fair 1 2 0 3 
6.1% 

5: Poor 1 1 0 2 

6: No answer 0 0 0 0 0% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

As the conductor, I experienced the usefulness of AWJITS when I sang along 

during a rehearsal of Who Shall Win My Lady Fair? The symbols gave me a clear 

direction to the just intonation of notes which I confirmed aurally. I also found 

AWJITS were a useful reference point during rehearsals, particularly when some 

sections of the choir were experiencing difficulties. 

Choristers made some intonation errors when they were learning to decode 

AWJITS for the first time, as well as coping with the multi-tasking required. Some 

also found them difficult to read in pieces with faster tempi. As their fluency 

increased, they had to be reminded not to overthink the symbols and overcompensate 

the intonation, and some had to be prompted not to sing louder when a note’s 

intonation needed to be brighter. One chorister would have liked more background on 

how the gradations of AWJITS were determined. Occasionally, attention needed to be 

drawn to the melodic distance between successive AWJITS, however, the correct 

melodic intonation of a note should occur when it is tuned harmonically to the root 

(pp. 79-80). 
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The familiarisation phase. 

The familiarisation phase was effective and helped choristers realise the 

different intonations of pitch classes in their respective choir’s repertoire. The staff of 

NZSSC also thought that it was helpful, and the pedagogical approach of this phase 

noticeably enhanced the intonation of NZSSC when they were rehearsing Marie Te 

Po, Tapu Te Po (Track 8, https://youtu.be/JltQM697E7M, Appendix R). It also 

improved the intonation when Consortia were rehearsing In Flanders Field and Soon 

May the Wellerman Come. At the time, one chorister commented that these were the 

most in tune he had heard these pieces. Moreover, most participants reported that it 

was good to be introduced to different intonations of pitch classes during this phase as 

it increased their awareness (Table 52). Researchers Cashmore (1962, p. 118), Grant 

(1987, p. 7), Jordan & Shenenberger (2004, p. 14), Moe (1965, p. 2, as cited by Moe, 

1973, p. 159), Pfautsch (1973, p. 83) and Quinn (1996, p. 9) all mention the 

importance of chorister awareness in various contexts, including tuning. 

https://youtu.be/JltQM697E7M
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Table 52. The Effectiveness of the Familiarisation Phase 

The Effectiveness of the Familiarisation Phase 

How helpful is it to be introduced to the different intonations of each note used in a piece of 
music before singing it? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 24 8 2 34 

79.3% 2: Helpful 17 5 0 22 

3: Somewhat helpful 5 4 0 9 

4: Not too helpful 7 3 0 10 
13.4% 

5: Not at all helpful 1 0 0 1 

6: No answer 1 3 0 4 
7.3% 

0: Did not answer 1 1 0 2 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

When an annotated score was not provided, choristers notated AWJITS on 

their own music from written instructions (Appendix O). While some choristers were 

critical of the amount of personal time involved in this process, it was necessary to 

ensure that everyone was tuning in the same way. Most singers were able to transfer 

markings to their scores because the instructions were simple to interpret and the 

AWJITS easy to annotate (Table 53). 

Table 53. The Participants’ Ability to Transfer AWJITS to Scores from Written 

Instructions 

The Participants’ Ability to Transfer AWJITS to Scores from Written Instructions  

How would you rate your ability to write in AWJITS from written instructions? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Excellent 13 5 2 20 

80.5% 2: Very good 16 7 0 23 

3: Good 17 6 0 23 

4: Fair 6 3 0 9 
18.3% 

5: Poor 4 2 0 6 

6: No answer 0 1 0 1 1.2% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 
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Occasionally, markings needed to be transferred during practices when the 

instructions were not prepared in advance. While this ensured that everyone’s scores 

were marked in the same way, it was not an efficient use of rehearsal time.  

Unfortunately, some singers did not transfer all of the markings, and this was 

obvious as the intonation of some singers did not always match the rest of the section. 

At the end of one rehearsal, a leader of Consortia mentioned to me that it was obvious 

that a member of his section had not transferred the AWJITS as their tuning was 

inconsistent with the others.  

In the approaches offered by Jordan & Mehaffey (2001) and Jordan & 

Shenenberger (2004), exercises are used to orient choristers to the intonation of 

compositions. In the early stages of this research, I wrote familiarisation exercises 

(Appendix R), however, in practice these were not particularly useful. This appeared 

to be because they were out of context. Further, choristers struggled to sight read the 

exercises, which took a considerable amount of time to prepare. The original 

familiarisation notes distributed to choristers were also difficult to interpret. To make 

the notes easier to comprehend, intonation of pitch classes documents were produced 

to more clearly show the different tunings of pitches used in a piece of music (for 

example, Figure 54, p. 118). Familiarisation tables (for example, Table 36, p. 143) 

were a useful guide during this phase as they highlighted the bars where different 

intonations of pitch classes occurred.  

The duration of the familiarisation phase varied depending on the harmonic 

complexity of the music. For example, it was brief for Introit as there is only one 

intonation of each note, but more time consuming for Ruhethal as there are two 

intonations of some notes. At times, the familiarisation phase was a little rushed and it 
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would have been beneficial to spend more time drawing choristers’ attention to 

alternate intonations of notes. Some choristers also commented that they would have 

appreciated more explanation as to the reasons why different intonations occur. 

The realisation phase. 

The realisation phase was effective as it gave choristers time to find the just 

intonation of notes when reading AWJITS for the first time. It was helpful to sing 

slowly on one sustained vowel sound, a view that was shared by the majority of 

participants (Table 54). This pedagogical approach was particularly useful for faster 

pieces and for music written in foreign languages. Many choristers commented that a 

slower tempo gave them time to think about their intonation (Table 55), and that it 

was easier to tune when other factors, such as text, were removed. Singing on a 

sustained vowel sound was also useful as there were fewer distortions of pitch as a 

result of inconsistent vowel resonances. Sometimes, unification was compromised 

when choristers became fatigued. To counteract this, the vowel sounds were varied. 

Table 54. The Effectiveness of Realising Intonation on a Sustained Vowel Sound 

The Effectiveness of Realising Intonation on a Sustained Vowel Sound 

When reading AWJITS for the first time in a piece of music, how helpful was it to sing on 
one vowel sound? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 27 15 2 44 

95.1% 2: Helpful 16 5 0 21 

3: Somewhat helpful 9 4 0 13 

4: Not too helpful 1 0 0 1 
3.7% 

5: Not at all helpful 2 0 0 2 

6: No answer 1 0 0 1 1.2% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 
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Table 55. The Effectiveness of Realising Intonation at a Slower Tempo 

The Effectiveness of Realising Intonation at a Slower Tempo 

When reading AWJITS for the first time in a piece of music, how helpful was it to sing the 
music through at a slower tempo? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 29 12 1 42 

96.3% 2: Helpful 16 11 1 28 

3: Somewhat helpful 8 1 0 9 

4: Not too helpful 1 0 0 1 
1.2% 

5: Not at all helpful 0 0 0 0 

6: No answer 2 0 0 2 2.5% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

It was observed that both choirs regularly sang slightly flat perfect fifths, 

major seconds, minor thirds and minor sixths. This perhaps demonstrates the 

influence of equal temperament as these are the only scale degrees that are brighter 

than the piano when singing in diatonic major and minor keys. Also, the notes of 

chord ii were often sung flat. This was probably because the choristers were relating 

the fourth and sixth scale degrees to the tonic, rather than the supertonic. In just 

intonation, a perfect fourth above a tonic is 498 cents, but 520 cents when it is 

functioning as a minor third of chord ii. The difference between 498 cents and 520 

cents is a syntonic comma. Similarly, a major sixth above a tonic is 884 cents, but 906 

cents when it is functioning as a perfect fifth of chord ii, also a syntonic comma. 

Overall, the realisation phase was effective and gave choristers opportunities 

to practise the different intonations of pitch classes in context. It would have been 

better to have spent more time working with soloists (from within the choir) on the 

just intonation of their vocal lines. 
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The stabilisation phase. 

This phase was effective for both choirs, and it was often necessary to spend 

more than one rehearsal stabilising intonation, and modulation zones in some pieces 

of music. For example, it took two rehearsals to stabilise Consortia’s tuning during In 

Flanders Fields and Soon May the Wellerman Come (as shown on Tracking Sheet 2, 

Table 76) as they are harmonically complex and contain many modulations. When 

rehearsing Jauchzet dem Herrn, alle Welt, NZSSC needed to revisit the stabilisation 

phase on three separate occasions (as shown on Tracking Sheet 1, Table 73). It was 

effective to allocate this quantity of time, and a number of participants reported that it 

was helpful to do this (Tables 56 & 57) as it increased their awareness of these 

‘danger zones’ of these pieces. The pedagogical approaches of repetition, and slowly 

stabilising ‘danger zones’ using a sustained vowel sound, were effective as they 

helped to develop the choristers’ muscle memory for these difficult moments. Many 

participants mentioned the benefits of this, but some also commented that it became 

tedious when it was overdone and led to diminishing returns. It was also useful to 

remind choristers of intonation ‘danger zones’ before performances, and to stabilise 

the first chord when beginning a new piece of music during rehearsals so that 

choristers could adapt to the new tonality. 
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Table 56. The Effectiveness of Stabilising Intonation ‘Danger Zones’ 

The Effectiveness of Stabilising Intonation ‘Danger Zones’ 

When rehearsing a piece of music, how useful is it to systematically work on the difficult 
intonation areas (intonation ‘danger zones’)? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 32 19 2 53 

96.3% 2: Helpful 20 5 0 25 

3: Somewhat helpful 1 0 0 1 

4: Not too helpful 1 0 0 1 
1.2% 

5: Not at all helpful 0 0 0 0 

6: No answer 2 0 0 2 2.5% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

Table 57. The Effectiveness of Stabilising Modulations 

The Effectiveness of Stabilising Modulations 

When rehearsing a piece of music, how useful is it to systematically work on the 
modulations (that is, when the music changes key)? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 24 10 1 35 

90.2% 2: Helpful 17 11 1 29 

3: Somewhat helpful 7 3 0 10 

4: Not too helpful 3 0 0 3 
3.7% 

5: Not at all helpful 0 0 0 0 

6: No answer 5 0 0 5 6.1% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

Initially, exercises were written to stabilise modulation zones. These were 

eventually discarded as they were difficult to sight read and took a considerable 

amount of time to create. It was discovered that it is more advantageous to stabilise 

intonation ‘danger zones’, and modulation zones within the context of each piece of 

music.  
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It was also beneficial to reset the AWJITS after a modulation because resets 

clearly showed that a change of key had occurred; 85.4% of participants commented 

positively about this practice (Table 58). Some choristers also mentioned that it was 

less confusing when the symbols had been changed. For example, the fixed AWJITS 

in Only the Moon Has Secrets (in Whisper You all the Way Home) led to confusion 

among the choristers when the music modulated. Consequently, their intonation was 

unsettled at this point, and it would have been better to have reset the AWJITS.  

Table 58. The Effectiveness of Resetting AWJITS after Modulations 

The Effectiveness of Resetting AWJITS after Modulations 

In most situations, the origin AWJIT () is reset when there is a change of key 
(modulation). How helpful is this? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 26 7 1 34 

85.4% 2: Helpful 14 11 0 25 

3: Somewhat helpful 5 5 1 11 

4: Not too helpful 1 1 0 2 
2.4% 

5: Not at all helpful 0 0 0 0 

6: No answer 10 0 0 10 12.2% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

As mentioned in Chapter 3, the overall level of pitch can change during a 

piece of music as a result of its modulations. It would have been useful to have had 

this information on the scores so that I could have instructed choristers accordingly. 

There were times when some choristers had to be reminded to move with the majority 

of choir members when the overall level of pitch shifts unpredictably so that it is not 

as noticeable to the audience. 
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The contextualisation phase. 

The contextualisation phase was an important part of the process for choristers 

as here they had opportunities to practise the multi-tasking required to sing in just 

intonation and interpret other aspects of a score, such as dynamic and articulation 

markings. Some choristers seemed to experience difficulties reading AWJITS while 

singing the text, but my observations differed from the survey results. Many 

participants reported that they found it relatively easy to read AWJITS when singing 

the text (Table 59). While some acknowledged that their ability to multi-task 

improved with time and practice, Table 60 shows that it was more of a challenge to 

read dynamic and articulation markings. 

Table 59. The Participants’ Ability to Read AWJITS while Singing Text 

The Participants’ Ability to Read AWJITS while Singing Text 

Overall, how easy is it to read AWJITS when singing text? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very easily 13 6 0 19 

89.0% 2: Easily 24 5 1 30 

3: Somewhat easily 11 12 1 24 

4: Not too easily 6 1 0 7 
11.0% 

5: Not at all easily 2 0 0 2 

6: No answer 0 0 0 0 0% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 
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Table 60. The Participants’ Ability to Read AWJITS while Interpreting Expression 

Marks 

The Participants’ Ability to Read AWJITS while Interpreting Expression Marks 

Overall, how easy is it to read AWJITS when you are also reading dynamics and 
articulation marks? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very easily 7 1 0 8 

76.8.0% 2: Easily 18 8 0 26 

3: Somewhat easily 18 10 1 29 

4: Not too easily 9 5 1 15 
23.2% 

5: Not at all easily 4 0 0 4 

6: No answer 0 0 0 0 0% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

The Resources 

The resources used to support the implementation of the curriculum and 

pedagogy were effective. The prepared scores with AWJITS ensured that rehearsals 

were more efficient, and there was less potential for errors as choristers were not 

responsible for annotating their scores. A few choristers would have preferred to have 

completed the annotations themselves so that they had time to internalise the 

information.  

It was initially thought that annotated scores would confuse choristers, but 

98.8% responded positively to these (Table 61) as they were accurate and clear. Some 

also mentioned that it was useful to see the AWJITS for the other vocal parts. 
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Table 61. The Effectiveness of Annotated Scores with AWJITS 

The Effectiveness of Annotated Scores with AWJITS 

How helpful do you find the annotated scores with AWJITS already marked on for you? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 33 13 2 48 

98.8% 2: Helpful 12 8 0 20 

3: Somewhat helpful 10 3 0 13 

4: Not too helpful 1 0 0 1 
1.2% 

5: Not at all helpful 0 0 0 0 

6: No answer 0 0 0 0 0% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

I found the bracketed roots to be very useful as I was able to direct choristers 

to the note to which they needed to tune. While the bracketed roots were useful to me, 

participants were mixed in their views (Table 62). Some choristers commented that it 

was too much information to process and that the scores looked a little cluttered, 

however, choristers need to be mindful of the root. Jordan & Mehaffey (2001, p. 15) 

and Wine (2004, p. 25) stress the importance of choristers having knowledge of the 

roots of chords. 

Table 62. The Effectiveness of Annotated Scores with Bracketed Roots 

The Effectiveness of Annotated Scores with Bracketed Roots 

How helpful is it to have the roots of chords in brackets, i.e. (♪), on the annotated scores? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 13 5 1 19 

80.5% 2: Helpful 13 10 0 23 

3: Somewhat helpful 17 6 1 24 

4: Not too helpful 2 1 0 3 
6.1% 

5: Not at all helpful 2 0 0 2 

6: No answer 9 2 0 11 13.4% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 
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The Moderately Effective Aspects of the Curriculum and Pedagogy  

Stages and Phases 

The Artistry Stage. 

Overall, the artistry stage was more effectively implemented with NZSSC as 

there was more time available. Consortia’s relatively short rehearsal period, and the 

cancellation of a practice, meant that the full scope of this stage could not be 

adequately explored. Unfortunately, this is often a reality for choirs with limited 

financial resources. In addition, some highly talented singers, much sought after by 

conductors, are members of other groups and may not be available for all rehearsals.  

Table 63 shows that 90.3% of choristers found it relatively easy to 

communicate to an audience when singing in just intonation. This seemed to be easier 

for the choristers of NZSSC as they sang without scores. Occasional memory lapses, 

and nerves, impacted negatively on their intonation, but they were still able to do this 

when they looked at the audience and not their scores (Table 64). Occasionally, to 

supplement my own musical interpretation, I engaged a drama specialist for repertoire 

that needed another layer of interpretative insight. Moreover, it was beneficial to 

verbally remind choristers of the objectives set during this phase before each 

performance. 
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Table 63. The Participants’ Ability to Communicate while Singing in Just Intonation 

The Participants’ Ability to Communicate while Singing in Just Intonation 

Overall, how easy is it to sing in just intonation when you are communicating to an 
audience during a performance? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very easy 11 3 1 15 

90.3% 2: Easy 24 10 0 34 

3: Somewhat easy 15 9 1 25 

4: Not too easy 6 1 0 7 
8.5% 

5: Not at all easy 0 0 0 0 

6: No answer 0 1 0 1 1.2% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

Table 64. The Participants’ Ability to Perform from Memory while Singing in Just 

Intonation 

The Participants’ Ability to Perform from Memory while Singing in Just Intonation  

Overall, how easy is it to sing in just intonation when you are performing by memory? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very easy 15 

Did not 
perform their 
music from 
memory. 

1 16 

84.5% 2: Easy 19 1 20 

3: Somewhat easy 13 0 13 

4: Not too easy 7 0 7 
13.8% 

5: Not at all easy 1 0 1 

6: No answer 0 0 0 
1.7% 

X: Invalid answer 1 0 1 

NUMBER OF 
PARTICIPANTS 

56 2 58 100% 
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The Least Effective Aspects of the Curriculum and Pedagogy 

Underpinning Processes and Conventions 

Acoustical Adaptation Process. 

There were times when choristers tended to rely on a venue’s acoustical 

feedback for tuning cues, rather than on each other. In livelier acoustics, many also 

appeared to allow the venue to enhance some of their sound. This was noticeable 

during NZSSC’s final performance in Vancouver. This reinforces the importance of 

developing strategies with choristers to overcome the problems of different acoustical 

environments. 

Most NZSSC participants thought it was a positive practice to spend time 

adjusting to acoustical spaces (Table 65). This was essential during their Canadian 

tour as they sang in thirteen different venues. Many reported that it elevated their 

awareness of, and ability to tune in, a variety of acoustical spaces. Moreover, as 

NZSSC only practised during school holidays, it was often necessary to reacquaint 

them with just intonation at the beginning of each rehearsal week. The speed at which 

they readjusted improved on each occasion, and when they were rehearsing for their 

final performance in Dunedin, it was almost instantaneous.  

While it was useful to allocate time for choristers to adjust to the acoustics of 

new venues, it would have been beneficial to give them more guidance on how to 

listen in different spaces. Pfautsch (1973, pp. 78-79) mentions the importance of 

giving choristers opportunities to do this. 
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Table 65. The Effectiveness of Allocating Rehearsal Time to Adjust to Acoustical 

Spaces 

The Effectiveness of Allocating Rehearsal Time to Adjust to Acoustical Spaces 

When rehearsing in a new venue for the first time, how helpful is it to spend some time 
adjusting to its acoustic? That is, adjusting to the effect the acoustic has on intonation? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very helpful 33 

Not 
questioned 

on acoustics. 

1 34 

91.4% 2: Helpful 14 1 15 

3: Somewhat helpful 4 0 4 

4: Not too helpful 1 0 1 
1.7% 

5: Not at all helpful 0 0 0 

6: No answer 2 0 2 
6.9% 

0: Did not answer 2 0 2 

NUMBER OF 
PARTICIPANTS 

56 2 58 100% 

 

Temperament Adaptation Process. 

It is essential that choristers are able to move easily between just intonation 

and temperaments when they are required to sing with accompaniment. During 

rehearsals, some NZSSC choristers appeared to find it challenging to sing in equal 

temperament once they had learnt to tune in just intonation. This observation was 

consistent with the survey results, as shown in Tables 66 and 67. As this was an 

unanticipated challenge, no provision was made in the curriculum and pedagogy for 

choristers to develop the necessary skills to be able to do this. Time was subsequently 

allocated to stabilise problematic transitions between unaccompanied and 

accompanied textures, particularly in Loch Lomond, so that ‘intonation shocks’ were 

avoided. An ‘intonation shock’ occurs when there is a momentary mismatch between 

the choral tuning and the accompaniment.  

It was possible to reach a compromise in Singet dem Herrn ein Neues Lied. 

The accompanist of NZSSC omitted some of the thirds at cadential points and 

choristers tuned these moments in just intonation. 
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Table 66. The Ability of NZSSC Choristers to Sing in Equal Temperament and Just 

Intonation 

The Ability of NZSSC Choristers to Sing in Equal Temperament and Just Intonation 

Overall, how easy is it to sing in equal temperament (that is, with accompaniment) after 
learning to sing in just intonation? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very easy 7 

Not applicable 
as Consortia 
did not sing in 
temperaments. 

0 7 

81.0% 2: Easy 16 0 16 

3: Somewhat easy 22 2 24 

4: Not too easy 8 0 8 
13.8% 

5: Not at all easy 0 0 0 

6: No answer 2 0 2 
5.2% 

0: Did not answer 1 0 1 

NUMBER OF 
PARTICIPANTS 

56 2 58 100% 

 

Table 67. The Ability of NZSSC Choristers to Transition between Just Intonation and 

Equal Temperament 

The Ability of NZSSC Choristers to Transition between Just Intonation and Equal 

Temperament 

Overall, how easy is it to sing in just intonation and equal temperament in the same piece 
of music? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very easy 4 

Not applicable 
as Consortia 
did not sing in 
temperaments. 

1 5 

69.0% 2: Easy 10 0 10 

3: Somewhat easy 24 1 25 

4: Not too easy 10 0 10 
25.8% 

5: Not at all easy 5 0 5 

6: No answer 2 0 2 
5.2% 

0: Did not answer 1 0 1 

NUMBER OF 
PARTICIPANTS 

56 2 58 100% 
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Summary 

Overall Effectiveness of the Curriculum and Pedagogy to Teach Just Intonation 

The results for each aspect of the curriculum and pedagogy, presented above, 

suggest that overall it was effective at teaching NZSSC and Consortia to sing in just 

intonation. This is consistent with the survey results where 100% of participants 

reported positively about the effectiveness of the curriculum and pedagogical 

approach (Table 68).  

Table 68. The Overall Effectiveness of the Curriculum and Pedagogy to Teach Just 

Intonation 

The Overall Effectiveness of the Curriculum and Pedagogy to Teach Just Intonation 

Overall, how effective was the system at teaching you to sing in just intonation? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Very effective 28 9 0 37 

100% 2: Effective 22 12 2 36 

3: Somewhat effective 6 3 0 9 

4: Not too effective 0 0 0 0 
0% 

5: Not at all effective 0 0 0 0 

6: No answer 0 0 0 0 0% 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

Ten processes and conventions underpinned each piece of music as it was 

scaffolded through the stages and phases of the teaching model using the JIR (Table 

31) to guide and track progress. An alternative would be to do this holistically, but the 

absence of a clear structure could be confusing for some choristers, and might lead to 

poorer results. An NZSSC staff member mentioned that the system enabled the 

singers to learn just intonation with greater consistency and efficiency, and many 

choristers commented that the concepts were systematic, easy to understand, and that 

they learnt a lot. It was apparent that their learning increased during the 
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implementation, and this was exemplified when choristers were observed teaching 

one another.  

I just wanted to thank you for your revolutionary work, and 

congratulate you on what has redefined music for me. Your 

work is truly inspirational and it has awakened my love of 

choral music and the beauty that can be attained. (Max Wilson, 

NZSSC chorister, personal communication, July 2016)  

Many choristers also mentioned some personal benefits of learning this 

system, such as increased confidence and musical knowledge. There is a possibility 

some of the participants’ praise and gratitude was due to their support of me, but 

others also pointed out limitations within my approach. For example, some choristers 

experienced frustration at times due to misunderstandings of my explanations. 
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Overall Effectiveness of the Curriculum and Pedagogy to Enhance Intonation 

92.5% of choristers reported that their intonation was enhanced by this 

curriculum and pedagogy (Table 69), and 96.3% of participants thought that their 

sense of intonation had improved (Table 70). Many commented that this was because 

the just intonation programme had developed their aural awareness of intonation. 

Their prompt reactions during rehearsals were a testimony to this. A staff member 

mentioned that it was now easier to articulate about what is being heard. Moreover, 

90% of choristers thought that the system mostly enhanced the intonation of their 

section (Table 71). Some noticed an improvement in uniformity, and others found it 

difficult to judge from within the choir. 

Table 69. The Effectiveness of the Curriculum and Pedagogy to Enhance Choristers’ 

Personal Intonation 

The Effectiveness of the Curriculum and Pedagogy to Enhance Choristers’ Personal 

Intonation 

Has the system enhanced your intonation? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Yes 36 13 

Not 
applicable. 

49 

92.5% 2: Mostly 11 4 15 

3: Somewhat 4 6 10 

4: No 0 0 0 0% 

5: Unsure 5 1 6 
7.5% 

6: No answer 0 0 0 

NUMBER OF 
PARTICIPANTS 

56 24 80 100% 
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Table 70. The Effectiveness of the Curriculum and Pedagogy to Enhance Choristers’ 

Personal Sense of Intonation 

The Effectiveness of the Curriculum and Pedagogy to Enhance Choristers’ Personal 

Sense of Intonation  

Has the system enhanced your sense of intonation? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Yes 44 15 2 61 

96.3% 2: Mostly 8 7 0 15 

3: Somewhat 3 0 0 3 

4: No 0 0 0 0 0% 

5: Unsure 0 2 0 2 
3.7% 

6: No answer 1 0 0 1 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

Table 71. The Effectiveness of the Curriculum and Pedagogy to Enhance Sections’ 

Intonation 

The Effectiveness of the Curriculum and Pedagogy to Enhance Sections’ Intonation 

Has the system enhanced your section’s intonation? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Yes 30 9 

Not 
applicable. 

39 

90% 2: Mostly 18 9 27 

3: Somewhat 3 3 6 

4: No 0 0 0 0% 

5: Unsure 4 3 7 
10% 

6: No answer 1 0 1 

NUMBER OF 
PARTICIPANTS 

56 24 80 100% 

 

Overall, the curriculum and pedagogy enhanced the intonation of both choirs 

and 90.2% of participants support this view (Table 72). “AWJITS is an amazing 

system, and while I don’t fully understand the calculations, the tuning is truly 

incredible” (J. Ta, NZSSC chorister, personal communication, July 2016).  
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Table 72. The Effectiveness of the Curriculum and Pedagogy to Enhance Choirs’ 

Intonation 

The Effectiveness of the Curriculum and Pedagogy to Enhance Choirs’ Intonation 

Has the system enhanced the intonation of your choir? 

CATEGORIES NZSSC CONSORTIA STAFF TOTAL 
GROUPED 

RESPONSES 

1: Yes 45 16 2 63 

90.2% 2: Mostly 5 3 0 8 

3: Somewhat 2 1 0 3 

4: No 0 0 0 0 0% 

5: Unsure 3 2 0 5 

9.8% 6: No answer 0 1 0 1 

0: Did not answer 1 1 0 2 

NUMBER OF 
PARTICIPANTS 

56 24 2 82 100% 

 

All choirs will occasionally sing out of tune, but this curriculum and pedagogy 

improves the odds for a better result. While the tracking sheets for both choirs show a 

little fluctuation (Tables 73-76), there is an overall trend of improvement during the 

period of implementation. 
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Table 73. Tracking Sheet 1 for NZSSC (7 April, 2015 to 7 July, 2016) 

Tracking Sheet 1 for NZSSC (7 April, 2015 to 7 July, 2016) 

 7-13 April, 

2015 

23-24 May, 

2015 

6-12 July, 

2015 

28 September- 

4 October, 2015 

20-24 January, 

2016 

18-25 April, 

2016 

29 June-1 July, 

2016 

Concert: 1 July, 

2016 

Concert: 5 July, 

2016 

Concert: 6 July, 

2016 

Concert: 7 July, 

2016 

REPERTOIRE Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR 

The Drunken Sailor OT 1 AcT 1 AcI 2 F - - - Removed from repertoire. 

Hine, E Hine - - - - - - - - AcS 3 FC 4* SC 4-5 CA 5 - - A 5 A 5 

In Remembrance OT 1 Removed from repertoire. 

Jauchzet dem Herrn, alle Welt OT 1 AcT 1 AcI 1 - - TxS 3 SC 4 SC 3-4 - - - - - - - - 

Loch Lomond - - - - O 1 AcT 1 AcT 2 FC 3 SC 4-5 CA 5 - - A 4 A 4-5 

Lota Nu’u & Manu O Le Vaveao - - - - OI 1 AcT 1 Tx 2 FC 4 SC 4-5 CA 4-5 - - A 5 A 5 

Marie Te Po, Tapu Te Po OT 1 AcT 1 AcI 2 FR 3 - - Removed from repertoire. 

Media Vita  OT 1 AcT 1 AcI 2 FS 3 CA 4 SC 5 CA 5 A 5 - - A 5 - - 

O Magnum Mysterium (Artley) OT 1 AcT 1 AcI 1 F - # 2 FC 3 SC 3-4 CA 4 - - - - - - 

O Magnum Mysterium (Childs) - - OTx 1 AcI 1 FR 3 - - SC 5 CA 4-5 A 5 - - A 4 - - 

Past Life Melodies - - - - - - - - AcS 3 RC 4 CA 4-5 A 5 A 2* Not performed again. 

Rotaļa - - - - OAc 1 AcT 1 AcR 2 AcF 5 SC 4 CA 5 - - A 5 A 5 

Whanau Marama - - - - OAc 1 AcT 1 AcR 3 AcC 4 SC 4 CA 4 - - A 4 - - 

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

KEY: PHASES  KEY: NOTES                

- Not rehearsal/applicable  * Sung as a massed item with other choristers.                

 Transitioning to…  # Conducted by a trainee.                

O Orientation phase                       

Ac Accuracy phase                       

Tx Text phase                       

T Technical phase                       

I Initiation phase                       

F Familiarisation  phase                       

R Realisation phase                       

S Stabilisation phase                       

C Contextualisation phase                       

A Artistry stage                       
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Table 74. Tracking Sheet 2 for NZSSC (8 July to 27 August, 2016) 

Tracking Sheet 2 for NZSSC (8 July to 27 August, 2016) 

 Concert 1: 8 

July, 2016 

Concert 2: 8 

July, 2016 

Concert: 9 July, 

2016 

Concert: 10 

July, 2016 

Concert: 11 

July, 2016 

Concert: 12 

July, 2016 

Concert 1: 13 

July, 2016 

Concert 2: 13 

July, 2016 

Concert: 14 

July, 2016 

Concert: 15 

July, 2016 

Concert: 27 

August, 2016 

REPERTOIRE Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR 

Hine, E Hine - - - - - - - - A 3* A 4-5* - - A 5* - - - - - - 

Jauchzet dem Herrn, alle Welt - - - - - - - - - - A 5 - - - - - - A 3 - - 

Loch Lomond A 5 - - - - A 4 A 4 A 4-5 A 5 A 4-5 A 4 - - A 5 

Lota Nu’u & Manu O Le Vaveao A 5 A 5 A 5 A 5 A 5 A 5 A 5 A 5 A 5 - - A 5 

Media Vita  - - - - - - A 5 A 5 A 5 - - A 5 A 4 A 5 - - 

O Magnum Mysterium (Artley) A 4 - - - - - - - - A 4 - - - - - - A 3 - - 

O Magnum Mysterium (Childs) A 5 - - - - A 4 A 4 A 4-5 A 5 A 4-5 A 5 - - A 5 

Rotaļa A 5 - - - - A 5 A 5 A 5 - - A 5 A 4 - - A 5 

Whanau Marama A 4 - - - - A 4 A 4 A 5 - - - - A 3 - - A 4 

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

                          

KEY: PHASE  KEY: NOTES                

A Artistry stage  * Sung as a massed item with other choristers.                
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Table 75. Tracking Sheet 1 for Consortia (25 February to 12 May, 2016) 

Tracking Sheet 1 for Consortia (25 February to 12 May, 2016) 

 25 February, 

2016 

3 March,  

2016 

10 March,  

2016 

17 March,  

2016 

24 March,  

2016 

31 March,  

2016 

Pre-recording: 7 

April, 2016 

7 April, 

2016 

14 April, 

2016 

5 May, 

2016 

12 May,  

2016 

REPERTOIRE Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR 

Ave Maria - - O 1 Ac 1 Tx 1 Ac 1 Ac 1 - - 

In
it
ia

ti
o
n

 p
h

a
s
e

 w
o

rk
s
h
o

p
 

2 

FR 2-3 

R
e
h

e
a

rs
a

l 
c
a
n

c
e

lle
d
 

S 3-4 

In Flanders Fields O 1 Ac 1 - - - - T 1 - - TI 1 FR 2-3 R 2-3 

Introit - - - - - - - - - - - - - - FR 2-3 R 3 

La, la, la, je ne l’ose dire - - O 1 Ac 1 - - Tx 1 Tx 1 - - FR 2-3 Tx 2-3 

Le Masina E O 1 Ac 1 - - - - T 1 - - TI 1 FR 2-3 - - 

O Magnum Mysterium O 1 - - Ac 1 Tx 1 - - T 1 TI 1 - - AcR 2-3 

Oh, Didn’t it Rain - - O 1 Ac 1 - - - - Ac 1 - - Ac 1 Ac 2-3 

Oriori - - - - - - - - - - - - - - FR 2-3 Removed. 

Resonet in Laudibus O 1 Ac 1 - - Tx 1 T 1 - - TI 1 FR 2-3 R 3 

Ruhethal O 1 Ac 1 - - Tx 1 T 1 - - TI 1 FR 2-3 RS 3 

Rytmus O 1 - - Ac 1 Tx 1 Ac 1 T 1 Ac 1 - - - - 

Sing Joyfully - - O 1 - - Removed from repertoire.   

Soon May the Wellerman Come O 1 Ac 1 - - - - T 1 - - TI 1 FR 2-3 Ac 2 

Tanzen und Springen - - - - - - Tx 1 Removed from repertoire.   

Vårvindar friska - - O 1 Ac 1 Tx 1 Tx 1 Tx 1 - - - - - - 

Only the Moon Has Secrets O 1 - - Ac 1 - - - - T 1 TI 1 - - R 2-3 

The Boatie Baby’s Lullaby O 1 - - Ac 1 - - - - T 1 TI 1 - - R 3 

Papatōwai Lullaby O 1 - - Ac 1 - - - - T 1 TI 1 - - R 3 

Who Shall Win My Lady Fair? - - - - - - O 1 Ac 1 Ac 1 - - - - FR 3 

                       

                          

                          

                          

                          

                  

                    

KEY: PHASES                   

- Not rehearsal/applicable                       

 Transitioning to…                       

O Orientation phase                       

Ac Accuracy phase                       

Tx Text phase                       

T Technical phase                       

I Initiation phase                       

F Familiarisation  phase                       

R Realisation phase                       

S Stabilisation phase                       
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Table 76. Tracking Sheet 2 for Consortia (19 May 5 to 2 June, 2016) 

Tracking Sheet 2 for Consortia (19 May 5 to 2 June, 2016) 

 
19 May, 

2016 

23 May, 

2016 

26 May, 

2016 

30 May, 

2016 

Concert & post 

recording: 2 

June, 2016 

REPERTOIRE Phase JIR Phase JIR Phase JIR Phase JIR Phase JIR 

Ave Maria S 3-4 S 3 C 3-4 A 4-5 A 5 

In Flanders Fields S 3 S 3 C 3 A 3 A 4 

Introit S 3-4 SC 4 C 4-5 A 5 A 5 

La, la, la, je ne l’ose dire - - SC 4 C 3-4 A 4-5 A 5 

Le Masina E S 4 C 4 C 5 A 5 A 4-5 

O Magnum Mysterium AcS 3 SC 4 C 3-4 A 4 A 4 

Oh, Didn’t it Rain AcR 3 - - Ac 3 S 4 A 4 

Resonet in Laudibus S 3-4 SC 4 C 4 A 5 A 5 

Ruhethal S 3-4 SC 4 C 4 A 4 A 5 

Rytmus Ac 2 Removed from repertoire. 

Soon May the Wellerman Come S 3 S 3 C 3 A 3-4 A 5 

Vårvindar friska R 2-3 Ac 2 Removed from repertoire. 

Only the Moon Has Secrets S 3 SC 3-4 C 3 A 3 A 3 

The Boatie Baby’s Lullaby S 3-4 SC 3-4 C 4 A 4 A 5 

Papatōwai Lullaby S 3 SC 3-4 C 3-4 A 4 A 5 

Who Shall Win My Lady Fair? S 3-4 SC 4 C 4 A 4 A 4 

           

              

              

              

              

      

      

      

      

      

      

      

        

KEY: PHASES       

- Not rehearsal/applicable           

 Transitioning to…           

Ac Accuracy phase           

R Realisation phase           

S Stabilisation phase           

C Contextualisation phase 

A Artistry stage 
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The positive feedback from university lecturers who attended Consortia’s 

concert was also a testimony to this. One colleague wrote:  

I thought the intonation was excellent. It all sounded very 

natural to me. The more complex harmonies (e.g. G13 with no 

3rd) sounded full despite the fact that I had omitted some of the 

essential pitches of the chord [in Oh, Didn’t it Rain]. The 

excellent tuning of Consortia helped to express the extra colour 

of these moments rather than the listener hearing a ‘thin’ sound. 

(A. Van den Broek, University of Canterbury Music Lecturer, 

personal communication, June 8, 2016) 

Another colleague wrote:  

…I felt the intonation was mostly really top class. There was 

some sagging (maybe from fatigue) at the ends of the odd 

phrase…But to put on a concert of that class completely a 

cappella…was an excellent achievement. I am talking from 

someone who is really critical and deals with pitch on a very 

refined level instrumentally all the time… (T. Ferner, Senior 

Teaching Fellow in Music (University of Canterbury) and 

Principal Flute (Christchurch Symphony Orchestra), personal 

communication, June 9, 2016) 

The curriculum and pedagogy has improved during this research, and it is 

expected that it will continue to be refined as it is used in other choral contexts. 
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CHAPTER 6 

__________________________________ 
 

FUTURE MODIFICATIONS AND CONCLUSION 

Insanity: doing the same thing over and over again and 

expecting different results. 

 

(Albert Einstein, n.d.) 

Application of the Results 

 Albert Einstein’s quote is relevant to this research: While the curriculum and 

pedagogy has been effective in teaching the choristers of NZSSC and Consortia to 

sing in just intonation, and has enhanced the overall tuning of these choirs, it would 

be ‘insane’ to think that the approach was perfect and could not be improved. Further, 

a refined curriculum and pedagogy, based on the findings of this research, could lead 

to better results in the future. Therefore, this chapter will explain modifications made 

to the curriculum and pedagogy; present a revised teaching and learning model, and 

curriculum framework, for future implementations; and draw conclusions for this 

research. It is expected that this approach will continue to be refined as I implement it 

in other choral contexts. It should be noted that the research has been directed by me 

with choirs that I conduct; future work could involve the implementation of the 

curriculum and pedagogy by other choirs and conductors. 
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Future Modifications to the Curriculum and Pedagogy 

Underpinning Processes and Conventions 

The Learning Environment. 

Some choristers commented that they were occasionally confused with some 

of my explanations. To enhance the learning environment, choristers will be 

encouraged to ask questions to clarify misunderstandings they have during rehearsals. 

Score and Rehearsal Preparation Process. 

It was unfortunate that shifts in the overall level of pitch were not annotated on 

scores during the preparation process. As the conductor, it would be useful to know 

when the overall level of pitch shifts in a piece of music so choristers could be 

instructed accordingly. These shifts in pitch will now be shown on scores using 

positive and negative numbers. For example, in Only the Moon Has Secrets (in 

Whisper You all the Way Home), a ‘-2’ will be written above the system to show that 

the overall level of pitch flattens by two cents when it modulates from C to F major. 

Teaching and Learning Process. 

To maintain momentum and direction in rehearsals, goals will be shared for 

each rehearsal of a piece of music. For example, during the familiarisation phase, a 

goal could be: To become familiar with the different pitch classes in Jauchzet dem 

Herrn, alle Welt. 

One chorister expressed his concern about missing the initiation phase 

workshop as the just intonation concepts were introduced. To solve this problem, a 

recording of the initiation phase workshop will eventually be available. Moreover, 
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some singers would have appreciated more opportunities to catch-up on missed 

rehearsals. While efforts were made to do this, it would also be beneficial to involve 

section leaders in this process. 

Just Intonation. 

Norden (1936, p. 232) and Quinn (1996, p. 9) stress the importance of 

teaching the theory of just intonation, and during the initiation phase of the model, 

choristers were taught basic knowledge and skills. When analysing the choristers’ 

questionnaires, it was encouraging to read that these sessions motivated one singer to 

research just intonation in his own time. To extend and enrich more choristers, it may 

be possible to explore concepts more deeply by offering optional sessions. 

Tuning Process. 

At times, some singers were somewhat passive during the tuning process as 

they relied exclusively on the AWJITS to guide their intonation. To ensure that all 

choristers stay actively engaged, they should be regularly reminded to use a 

combination of visual (AWJITS), aural (listening for an absence of beats in the 

sound), and sensory (feeling the vibrations of an in tune sound) stimuli to verify when 

they are singing in tune. Choir leaders will also be asked to monitor their sections in 

this way, and to check that scores have been correctly annotated. 

Acoustical Adaptation Process. 

Some members of NZSSC relied on the acoustics of some venues to guide 

their intonation, rather than other members of the choir. While it was possible to do 

this in resonant acoustical spaces, it was more challenging in drier venues as it was 

harder to hear the full range of harmonics. At times, it would be useful to rehearse in 
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less resonant spaces so that choristers can develop the skills necessary to tune to each 

other. 

Adaptation to Tuning Systems Process. 

 A number of NZSSC choristers reported that they found it somewhat 

challenging moving between just intonation and equal temperament. This was most 

noticeable in pieces of music that employed both accompanied and unaccompanied 

textures, for example, Loch Lomond and Whanau Marama. For this reason, an 

eleventh underpinning convention will be added to the revised curriculum and 

pedagogy, that is, a process for adapting to different tuning systems. When referring 

to soloists, Wintersgill (1935, p. 929) states that: “all soloists have to learn to adapt 

their tuning for effective combination.” The skills to adapt to different temperaments 

are also important for choristers and they need to develop the ability to be able to 

move fluidly between them. 
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Stages and Phases 

The Foundation Stage. 

Translations of the texts were shared at the beginning of the artistry stage, but 

some choristers would have preferred to have seen these at the beginning of the 

foundation stage so that they understood the context of what they were singing. 

Translations will now be shared at the end of the orientation phase. 

An NZSSC staff member recommended placing the text phase at the end of 

the intonation stage so that the just tuning of each piece could be clearly established 

before matching vowel resonances. In a modified curriculum and pedagogy, the 

pronunciation of texts will be incorporated into the accuracy phase, and refined in an 

additional resonation phase. Choirs will be at level 4 of the JIR (Table 31) during this 

phase, and VOORS will be used to add another layer of refinement to the intonation 

by matching vowel resonances. For example, when a vowel changes on a sustained 

note the pitch could sharpen or flatten depending on the vowel. Powell (1991, p. 42) 

refers to this when he mentions that “…the color of the vowels we sing influences our 

pitch. ‘Dark’ vowels tend to lead to flat singing; ‘bright’ vowels tend to induce sharp 

singing.” 

The importance of vowel modification is discussed by Bolster (1983, p. 28), 

Covey-Crump (1992, p. 1031), Fagnan (2008, p. 52), Hopkin (1997, pp. 12-13), 

Liemohn (1958, p. 51) and Ternström, Sundberg & Colldén (1988, pp. 187-192, as 

cited by Ternström, 1991, pp. 137-138). Bolster (1983, p. 28) states that: “vowel 

modification is used by singers…to create optimum resonance. Optimum resonance 

occurs when the fundamental or one or more of its harmonic partials matches the 

formant frequencies of the vowel being sung.” It is anticipated that VOORS will be 
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developed and tested subsequent to this research to further enhance choral intonation. 

Alongside this, ways to fully maximise the resonance of extended chords will also be 

investigated. 

 There were times when both choirs experienced difficulties maintaining a 

sense of pulse. Consequently, this compromised intonation as the notes did not always 

rhythmically align. An ensemble phase will be added to the end of the foundation 

stage to assist choristers to develop the skills to maintain a sense of internal 

subdivision and pulse. 

The Intonation Stage. 

The initiation phase. 

The complexity of understanding and singing in just intonation meant that for 

many choristers three hours was an inadequate amount of time to assimilate all 

aspects comprehensively. Moreover, some choristers thought that it may be better to 

teach these concepts earlier so that the potential for poor tuning to become habitual is 

less likely. Rather than being taught as a three-hour workshop, the initiation phase 

will now be taught concurrently with the foundation stage as a series of eight, 60-

minute sessions. The following topics would be covered:
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1. Just intonation: A basis for unaccompanied choral music 

2. Harmonics and ‘tuning up’ 

3. AWJITS: An introduction 

4. AWJITS and triads 

5. AWJITS and non-triadic intervals 

6. Different intonations of pitch classes 

7. Stabilising modulations 

8. IPA: An introduction. 

 There were times when some choristers experienced difficulties hearing 

certain harmonics. In future, harmonics will be illustrated with either an Aeolian harp 

or hand bells as the overtones are more obvious with these instruments than with the 

voice. Choristers will then match certain harmonics identified by the conductor. 

Moreover, one singer would have appreciated additional opportunities to become 

familiar with the overall sound of just intonation. Accordingly, during the initiation 

phase, time will be allocated to enable choristers to take turns at listening to their 

choir. 

 The initiation phase workshop only focused on tuning intervals of triads. Non-

triadic intervals, that is, sevenths, ninths (seconds), elevenths (fourths) and thirteenths 

(sixths), will be developed in lesson five of this phase so that choristers are more 

familiar with these scale degrees when they occur in the repertoire. Ternström & 

Sundberg (1988, p. 63) support this view when they state that “…some…intervals are 

easier to sing ‘in tune’ than others.” 
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 Many choristers who were new to the IPA found it challenging to understand. 

As it is a useful tool in the unification of vowel sounds, and thus intonation, a more 

substantial initiation lesson will be included during this phase. Reinforcement of the 

symbols will then occur in the context of the repertoire. 

A consolidation phase will be added to the curriculum and pedagogy and 

taught alongside the phases of the intonation stage. During this phase, key skills will 

be reinforced, and recurring issues in the repertoire sorted, as choirs progress through 

level 2 to level 4 of the JIR (Table 31). Choristers will also be given strategies to pitch 

starting notes from an orientation note, so that in performance, insecure beginnings of 

pieces are avoided. 

The stabilisation phase. 

Members of NZSSC had difficulties making a tuning adjustment in Past Life 

Melodies (pp. 100-102). In order to achieve greater stability, more time will be 

devoted to transitions to and from a zero base during this phase.  

The Artistry Stage. 

 It would be more logical to place the contextualisation phase at the beginning 

of the artistry phase as the skills developed are performance-based. Choirs will be at 

level four of the JIR (Table 31) during this phase. This will be followed by two 

additional phases: (1) an internalisation phase, where memory skills are developed, 

and (2) a communication phase, where performance objectives are set, and processed 

during performances of each piece. During these last two phases, choirs will progress 

from level four to five of the JIR (Table 31). 
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Transitional Zones. 

 At times, it was necessary to momentarily return to a previous stage, for 

example, NZSSC had to return to the foundation stage to correct accuracy issues in 

Rotaļa before continuing with the intonation stage. Consequently, transitional zones 

will be added to the teaching and learning model to reflect fluidity between the stages 

and phases. 

Resources 

Annotated Scores. 

When an annotated score was not available, choristers marked their music 

from written instructions. Some mentioned that the process was time consuming, and 

that the notes were difficult to interpret at times. To make the annotated scores easier 

to read, AWJITS will be placed underneath each vocal line just above the text, IPA 

symbols will be limited to a few key words, and roots will only be bracketed when 

they are not in the lowest part. When choristers are fluent at singing in just intonation, 

it is expected that AWJITS will only be used for the less common intonations of 

notes. The ultimate goal and expectation is that, eventually, symbols will not be 

required to sing in just intonation, as there will no longer be confusion between it and 

equal temperament. 

The CRB. 

A checklist will be included in the CRB to assist the conductor to complete all 

parts of the score and rehearsal preparation process (Appendix BB). A tracking sheet 

template will also be included so that each piece’s progression through the teaching 

and learning model can be evaluated (Appendix CC).   
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A Revised Teaching and Learning Model, and Curriculum Framework 

Figure 65 is a graphic representation of a refined teaching and learning model 

for the curriculum and pedagogy. It is underpinned by eleven processes and 

conventions, and tone is developed holistically as each piece of music progresses 

systematically through the foundation (Figure 66), intonation (Figure 67) and artistry 

(Figure 68) stages. The initiation phase is taught concurrently with the foundation 

stage, and the consolidation phase with the intonation stage. 

Movement through the stages and phases of the model is fluid. The 

transitional zones between the foundation and intonation stages (shown in orange in 

Figure 65 & 66), and intonation and artistry stages (shown in green in Figures 65 & 

67), reflect this fluidity. 

After rehearsals, an assessment rubric (Table 31) is used to evaluate each 

piece of music, and determine when a choir is ready to progress to the next phase of 

the model.  

The aims of each stage, and objectives of each phase, have been outlined in a 

modified curriculum framework (Table 77). 
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Figure 65. A revised teaching and learning model. 
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Figure 66. The foundation stage of the revised teaching and learning model. 

 

 

Figure 67. The intonation stage of the revised teaching and learning model. 
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Figure 68. The artistry stage of the revised teaching and learning model.
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Table 77. The Framework for the Revised Curriculum and Pedagogy 

The Framework for the Revised Curriculum and Pedagogy 

Stages and Aims 
(in italics) 

Phases Objectives 

Just Intonation Rubric (JIR) 
The overall level of pitch, written in 
bold, is only considered for pre and 

post recordings 

1: Foundation (L1, JIR) 
 
To prepare for singing 
repertoire in just intonation. 
 

In
it
ia

ti
o
n

 1: Orientation (L1, JIR) Be familiar with our repertoire. 
O – No response: It is difficult to 
provide an evaluation. 

2: Accuracy (L1, JIR) Sing and pronounce our repertoire accurately. 1 – Limited: The choir's ability to sing 
this piece in just intonation is limited - 
it almost never prevails, except by 
chance. 

3: Technical (L1, JIR) Solve vocal production issues. 

4: Ensemble (L1, JIR) Sing with rhythmic alignment. 

2: Intonation (L24, JIR) 
 
To learn the knowledge and 
skills to sing in just 
intonation. 
 
To enhance our tuning by 
singing repertoire in just 
intonation. 

C
o
n
s
o
lid

a
ti
o
n
 (

L
2


4
, 

J
IR

) 5: Initiation (L2, JIR) 
Taught during the foundation stage. 

Hear and align our intonation to harmonics, and read 
AWJITS. 

2 – Beginning: The choir is beginning 
to sing this piece in just intonation - it 
inconsistently prevails. There are 
considerable tuning issues, and the 
overall level of pitch does not track 
as predicted. 

6: Familiarisation (L23, JIR) Tune different intonations of pitch classes. 

7: Realisation (L3, JIR) Use AWJITS to tune notes to the roots of chords. 3 – Progressing: The choir is 
progressing in its ability to 
consistently sing this piece in just 
intonation - it somewhat prevails. 
There are tuning issues throughout, 
and the overall level of pitch may 
not track as predicted. 

8: Stabilisation (L34, JIR) 
Stabilise intonation during ‘danger zones’, modulation 
zones and movements between temperaments. 

9: Resonation (L4, JIR) Use VOORS to refine intonation. 4 – Consistent: The choir consistently 
sings this piece in just intonation - it 
mostly prevails. There are some 
tuning issues throughout, but the 
overall level of pitch tracks as 
predicted. 

3: Artistry (L45, JIR) 
 
To communicate our 
repertoire to the audience. 

10: Contextualisation (L4, JIR) Maintain just intonation with other musical elements. 

11: Internalisation (L45, JIR) Internalise and/or memorise our repertoire. 5 – Fluent: The choir fluently sings 
this piece in just intonation - it almost 
always prevails. Any momentary 
tuning issues are rare and the 
overall level of pitch tracks as 
predicted. 

12: Communication (L5, JIR) Communicate our repertoire to audiences. 
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Conclusion 

 This research was undertaken to address poor, unreliable and inconsistent 

intonation in choirs. Over time, I have observed that many choral directors, including 

myself, have relied on a range of strategies in our attempts to solve this problem. 

Many of these solutions do not appear to have a long-lasting, positive affect on 

intonation. 

 A partial solution to the problem became apparent at the International Summer 

School in Choral Conducting when Karen Grylls demonstrated the tuning of chords 

using just intonation. This demonstration was so compelling that it motivated me to 

employ just intonation with NZSSC. 

 While there was a positive effect on the choristers’ tuning, there was potential 

for the results to be more reliable and consistent, particularly if just intonation could 

be taught in a more methodical, understandable way. 

 After an extensive survey of choral pedagogical literature, it became apparent 

that only a few approaches exist to teach just intonation to choirs, however, there were 

some limitations with these methodologies. This was unexpected, as chords tuned in 

just intonation are more resonant and in tune than their tempered equivalents as there 

are no resultant beats between the sung notes, harmonics and resultant tones. 

 The aim of the research that was subsequently undertaken was to create a 

systematic, comprehendible curriculum and pedagogy to teach NZSSC and Consortia 

to sing in just intonation, and enhance the ability of both of these choirs to sing more 

reliably and consistently in tune. 
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 The repertoire of each choir was used to implement this approach, and the 

corroborated results, from multiple sources of evidence, showed that it effectively 

taught NZSSC and Consortia to sing in just intonation, and enhanced the choristers’ 

ability to sing more reliably and consistently in tune. 

 Even though the approach was effective, there was potential for it to be further 

improved. Hence, the findings of this research have been used to make modifications 

to the method. It is anticipated that this refined approach will be implemented and 

evaluated with NZSSC during 2017 and 2018, and the findings subsequently 

published. 

 While this research specifically involved NZSSC and Consortia, the positive 

findings suggest that it would be beneficial to other choirs. If conductors employ this 

approach with their advanced secondary and tertiary level choirs, similar results could 

be achieved. Moreover, the potential for this approach to be effective with choirs of 

varying abilities was also observed with unauditioned high school and community 

choirs during this research. Mayer (1964, p. 109) states that “…it is possible to 

demonstrate its effect [just intonation] with average school and church choirs in the 

course of a single rehearsal.” In the future, my intention is to modify the curriculum 

and pedagogy further to make it accessible to all choirs. 

 Sims (2013, p. 5) mentions that “there is a need for a simple manual on the 

implications of equal temperament and just intonation for a cappella singing aimed at 

choir directors.” Upon completion of this dissertation, I am planning to disseminate 

the approach through seminars with conductors, workshops with choirs, and the 

publication of resources. In the longer term, I envisage the system being employed in 

the education of conductors and choristers at tertiary institutions. 
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 The implications of this research also go beyond choral pedagogy and could 

be transferrable to instrumental intonation, particularly for unfretted string 

instruments. Composers could also use the findings of this research to inform the way 

they create their music. Given a choice, contemporary composers may prefer to have 

their compositions sung in just intonation. 

 The following statement from Richard Strauss (n.d.) was quoted at the 

beginning of this thesis: “The human voice is the most beautiful instrument of all, but 

it is the most difficult to play.” Intonation is a significant contributor to this difficulty. 

My vision for this approach is to make intonation easier for conductors and choristers 

to comprehend, and offer a partial solution to the problem that choirs continue to 

encounter – poor, unreliable, inconsistent intonation. By implementing the curriculum 

and pedagogy presented in this research, it is possible to enhance choral intonation by 

teaching choirs to sing in just intonation. 
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