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CONTEXT

My Role:  

Choral Director

• Upper voice choir of 
amateur singers

• Looking to specialise in 
competitive singing
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JUSTIFICATION

¡ Intonation: how precisely a pitch matches the intended target note 
(Swannell, 1992)

¡ Intonation is a priority during choral rehearsals (Ganshow, 2014)

¡ Intonation is a key factor that adjudicators listen for in competitions 
(Hensley, 2021)

¡ Vowels are one consideration for determining the quality of intonation. 
(Sundberg, 1987, p. 143; Howard, 2023)

¡ Auditory pitch (Ternström and Sundberg, 1988; Nix, 2012)

¡ Intrinsic pitch of vowels (Ternström, Sundberg and Colldén, 1988)

¡ “Subtle” techniques which require skilful listening (Howard, 2023, p. 1)
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RESEARCH 
QUESTIONS

1 How does a change in vowel impact the 
fundamental frequency of amateur choral 
singers? 

2 Is this change aurally significant enough for 
choral competition adjudicators to notice? 

3 How can I develop the listening skills of 
amateur choral singers to make vowel-based 
techniques relevant in improving intonation? 
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INTENDED IMPACT
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Understand the practical 
application of the concept of 
intrinsic pitch of vowels within 
amateur choirs

Investigate how to help 
singers improve their listening 
skills

Create an artefact to support 
the development of choral 
singers, complementing the 
artefact from Module 5

Identify gaps in existing 
literature



METHODS AND 
FINDINGS
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METHODOLOGY

Mixed methods study guided by social constructivism

Makes use of quantitative and qualitative data 
under a grounded theory methodology

1:  Vowel pairing tests with amateur choral singers

2: Interviews with amateur choral singers

3: Literature review on aural imagery

9



ETHICS AND INSIDE RESEARCH

¡ Received ethical approval from University of Wales Trinity St David:

¡ All participants received information about the project and their role and the collection and handling of data.

¡ All participants signed consent forms.

¡ Ensured confidentiality to prevent reputational harm.

¡ Participants were given unique identifiers and their data was anonymised.

¡ Considered inside research challenges as all participants were members of my choir:

¡ Did not share findings with anyone. 

¡ Participants were volunteers and they were reassured that they could withdraw their participation, and that there would be 
no impact on their membership.

10



1:  VOWEL PAIRING TESTS WITH AMATEUR CHORAL 
SINGERS
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METHOD

¡ Quantitative approach: examined how well amateur choral singers are able to 
sustain the fundamental frequency while changing vowels and how perceptible 
these changes are to both musicians and non-musicians.

¡ Based on part of the study by Ternström, Sundberg and Colldén (1988)

¡ Eight members of my choir volunteered to take part and were recorded on 
VoceVista:

¡ Listened to spoken vowel demonstration of two vowel sounds.

¡ Sang the first vowel sound at a comfortable pitch of their choice and tried to 
maintain the pitch while moving to the second vowel.

¡ Asked not to leave a gap between the vowels, to pre-imagine the pitch they were 
going to sing and to sing with a straight tone.

¡ First round: nine pairs of vowels

¡ Break of 45 minutes 

¡ Second round: the same pairs but in reverse order
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EXAMPLE OF A VOWEL PAIR RECORDING

13S4: /u/ to /a/ (Source: VoceVista)



FINDINGS
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Percentage difference between the mean fundamental frequencies 
of each vowel in a pair 



FINDINGS (CONTINUED)
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Mean and standard deviation for each vowel pairing 
(Source: IBM SPSS)

IPA vowel chart (International Phonetic Association, 2020)



AUDIBLE DIFFERENCES
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Difference Limen for Frequency (DLF)
Musicians: 1.35%
Non-musicians: 3.19%
(Nikjeh, Lister and Frisch 2008)

Percentage difference between the mean fundamental frequencies of each vowel in a pair categorised by DLFs

Pie chart showing the noticeability of vowel changes



AUDIBLE DIFFERENCES (CONTINUED)
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Audible differences for each participant Pearson correlation of participants’ choral experience 
and noticeable tokens – alpha level set at 0.05

(Source: IBM SPSS)



INFLUENCE OF 
SPOKEN 
DEMONSTRATION 
VOWELS
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Pearson correlation between the change in fundamental frequency of the spoken vowels 
and those produced by the participants (Source: IBM SPSS)



IMPACT OF EXPERIENCE
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Paired samples t-test to compare the performance of the first round of testing with the second round for each vowel pair 
(Source: IBM SPSS) 



2: INTERVIEWS WITH AMATEUR CHORAL SINGERS
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METHOD

¡ Qualitative approach: explored the perspectives and experience of the vowel pairing test participants to improve 
the understanding of the quantitative data.

¡ Phenomenological study

¡ Semi-structured interviews covering their backgrounds and their understandings of intonation and vowels

¡ Conducted over Zoom, transcribed and checked for accuracy by the participants

¡ Coding: in vivo, initial and structural coding
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THEMES AND SUB-THEMES
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CONTEXTS OF LEARNING: PARTICIPANT QUOTES
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Background
• S8, S3, S7 and S2 receiving the most formal music and instrumental training
• S4 is self-taught and appears to be the most advanced in terms of vocal technique
• S5 is the only participant to have had singing lessons but never on regular basis, she has the most choral 

experience (at 25 years) and also some solo performance experience
• S6 has had the least experience, followed by S1 although she has had piano lessons and she does have 12 years 

of choral experience

Cognitive processes
• Neurodiversity: No formal diagnoses, but four participants suspected they were neurodiverse (S2, S3, S5 and S8)
• “segment her mind into doing different things” and a fascination with pattern-matching (S2)
• S2, S3 and S5 all spoke about finding it challenging to focus
• Confidence levels affecting singing (S2, S3 and S4)



CONTEXTS OF LEARNING: PARTICIPANT QUOTES
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Individual vs choir
• “I think I have more experience to know how I think it should sound and therefore I don’t tend to listen” (S4)
• Influenced by singers “doing a good job” (S7)
• Under direction (S7, S4, S1, S8)

Motivation for improvement
• “it’s not really something that I take too much notice of” (S1)
• “we all just want to sing for pleasure and it just sort of comes out of your mouth … And I think it is really good 

to dissect it a bit because … that’s what makes us a better choir.” (S8)
• “how far I could go” (S2), “wanting to … stretch my brain” (S7) and ”I don’t think we can ever stop” (S4)



TECHNICAL AREAS OF DEVELOPMENT: PARTICIPANT QUOTES
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Aural skills
• S2, S3 and S7 had had formal training to grade 8 – S3 “struggled”, S7 “okay”,  S2 “straightforward”
• “Learn things a lot by ear” (S4)
• “Did that sound about right?” (S2) 
• Listening was a key skill for many participants for identifying and correcting intonation issues by using an 

external reference
• S3 and S8 also spoke of hearing sounds in their heads and S7: said that she “just really think[s] about it”

Vowels
• ”shapes on the inside of your mouth” (S2)
• “Julie Andrews” (S6)
• S4 consciously uses vowel modification “literally all the time”
• ”figure out what the best way to sing something would be” (S4)

Intonation
• “we weren’t singing what was written” (S3) versus “a little smidge out” (S7)
• “it is the end of the day for me, because I always thought I was a strong singer” (S5)



DISCUSSION IN 
RELATION TO 
THE VOWEL 
PAIRING TEST 
RESULTS
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1 A strong desire to improve

2 Vocal technique

3 Musicianship



3: LITERATURE REVIEW ON AURAL IMAGERY

27



METHOD

28

Narrative literature 
review focused on 

peer-reviewed sources 
with a small amount of 

grey literature

Searched ‘audiation’, 
‘aural imagery’ and 
‘inner hearing’ on 
multiple databases

Citation mining
Created educational 

resource using a 
pragmatic approach



AURAL IMAGERY
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Hearing and processing music 
in the mind when no music is 
present.

Synonyms include aural 
perception, musical 
perception, subvocalization, 
inner hearing and audiation.

Audiation has gathered 
widespread use 
(Gerhardstein, 2002).

Cognitively there appears to 
be a similar process occurring 
when we imagine music and 
when we hear it. (Halpern, 
2001)



MOVABLE-DO
30

¡ Method for teaching sight-
singing

¡ Evidence that the 
development of aural skills is 
linked to sightreading 
(Grutzmacher, 1987; Kopiez
and In Lee, 2008)

¡ Hand signs by John Curwen

¡ Other factors contributing to 
success

(Curwen, 1884, p. viii)



HARMONIC 
CONTEXT
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¡Evidence that a harmonic 
context can improve the 
perception of pitch (Graves 
and Oxenham, 2017, p. 1). 

¡Tonic-dominant relationship

(Malmark Chimes Source: malmark.com)



CHORAL SPACING
¡ Balancing a singer’s ability to hear 

their own voice with the ability to 
hear the choir.

¡ Spread spacing is preferred with a 
preference for circumambient 
spacing to hear own voice. 
(Daugherty, 2003)

¡ 55% preferred spread spacing to 
hear the choir. (Daugherty, 2003)

¡ Higher risers for hearing own 
voice. Lower risers for hearing the 
choir. (Daughterty, Manternach and 
Brunkan, 2013)

¡ Sopranos prefer a higher self-to-
other ratio than basses (Ternström, 
1999)

(Daugherty, 2003, p. 51)
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CONCLUSION
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CONCLUSION

¡ Answering the research questions:

¡ How does a change in vowel impact the fundamental frequency of amateur choral singers?

¡ Is this change aurally significant enough for choral competition adjudicators to notice? 

¡ How can I develop the listening skills of amateur choral singers to make vowel-based techniques relevant in improving 
intonation? 

¡ Limitations

¡ Spoken vowel demonstrations

¡ Small-scale study limits generalisation

¡ Not relevant to all amateur choirs

¡ Future directions

¡ Personal reflection
34
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