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List of Abbreviations 

C Chopstick between teeth prompts. 

CoG Spectral centre of gravity. 

FE Facial expression, referring to the interpretation of facial postures as being 

associated with an emotion (see Appendix 12). 

fm Fundamental frequency (Hz). 

fRm Resonant frequency (Hz). 

nfo Harmonic frequency (Hz). 

F F-value (F): A ratio used to compare variance between groups to variance within 
groups; it is interpreted alongside degrees of freedom (df) to assess statistical 

significance. 

Fm Formant (Hz). 

FP Facial Posture, referring to muscle activation (see Appendix 12). 

FT Finger on top teeth prompt. 

N Neutral posture prompt. 

ηp2 Partial eta effect squared effect size. e.g. an ηp² value of 0.441 means that 
44.1% of the variance in the outcome can be attributed to that factor. 

OOM Orbicularis oculi muscles. 

p p-value (p): The probability that the observed results occurred by chance; values 
below 0.05 are typically considered statistically significant. 

P Participant. 

Pbonferroni A p-value that has been adjusted using the Bonferroni correction to reduce the 
risk of false positives when multiple statistical comparisons are made. 

R Resonance. 

S Smile prompt. 

SC Spectral centroid. 

SD Standard deviation. 

SFC Singers formant cluster. 

ZM Zygomaticus muscles. 
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Project Proposal 
Title 
The impact of zygomatic and orbicularis oculi activation on vocal brightness: 
Exploring two facial muscle activation strategies with female singers. 

Context 

This quantitative study examines two strategies for enhancing vocal brightness by activating 

the smile muscles: zygomaticus (ZM) and/or orbicularis oculi (OOM) (Jaffer, Ichesco and 

Gerstner, 2016) (see Figure 1). Ten amateur female participants (ages 18 - 60) will be drawn 

from TMA 31, an amateur dramatics and music association of which I am president and data 

collected at the Salle du Quai in Pibrac.  

 

Figure 1. Superficial muscles of the face and neck (Zachary, Gruschak and Newman, 2023). 
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Justification 

McQuade (2016) suggests that activating the ZMs increases acoustic intensity. In my 

teaching, I encourage smiling to enhance tonal brightness and projection and similar 

resonance-enhancing techniques are observed in female singers, particularly in the low to 

mid-frequency range (Weiss, Brown and Morris, 2001; Lyubarskaya et al., 2024). Although 

not formally studied, one method I use involves placing two fingers on the upper front teeth 

to engage the ZM and OOMs. This study will compare that technique with a second method 

– holding a chopstick between the teeth (Strack, Martin and Stepper, 1988) – while using 

natural smile and neutral facial posture (FP) as control conditions to evaluate their 

effectiveness (see Figure 2 and 3). 

  

Figure 2. Finger - Teeth (FT) strategy. 

 

Figure 3. Chopstick (C) strategy. 

 

Intended Impact 

Findings may support current teaching methods and inform new exercises to enhance 

brightness-related upper harmonics and resonance (Titze, Maxfield and Walker, 2017). 

Additionally, this study lays groundwork for research helping singers overcome habitual 

negative FPs. 

Outlined Intention 

Under a post-positivist paradigm, this study will involve three methods — acoustic analysis, 

image analysis and literature review — enabling triangulation. 

Participants  

Only adult female amateurs (18-60) will be included, reducing variability arising from prior 

vocal training and sex or age-based differences in voice type (Markova et al., 2016). 
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Design 

A within-subjects 4 x 5 factorial design (FP prompts and vowels) will reduce participant 

numbers by using each individual as their own control, minimising variability from anatomical 

and technique differences (Charness, Gneezy and Kuhn, 2012), and allowing analysis of 

how vowel articulation affects each strategy’s effectiveness. 

Prompts 

1. Natural smile 

2. Neutral 

3. Chopstick between teeth  

4. Fingers on teeth  

Vowels 

[a] [e] [i] [o] and [u] 

Randomisation of prompts and vowels will reduce psychological bias, and fatigue or 

sensitisation effects (Charness, Gneezy and Kuhn, 2012). 

Methods 

Video and audio will be recorded simultaneously with fixed microphone, camera and chair 

positions, and participants will be asked to limit upper-body movement. Continuous facial 

muscle activation, using facial markers for tracking, will be captured on video (Young et al., 

2002), with analysis of extracted still frames. Audio will undergo acoustic analysis.  

Researcher Influence 

To avoid mimicry and researcher influence, I will sit beside participants and minimise 

instructions (Arias, Belin, and Aucouturier, 2018; Coles et al., 2022). 
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Timeline 

 

Figure 4. Summary 18/4/25 (see Appendix 4: Figure 4 for full Gannt planning). 
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Ethics and Risk Mitigation 

Hygienic, comfort-tested chopsticks will be used, with hand sanitiser provided. Facial 

markers will be tested for skin sensitivity and comfort; however, a minor risk of individualised 

reactions may remain. Data will be pseudonymised and password protected following GDPR 

rules, and hard copies will be digitalised and promptly destroyed. Informed consent will be 

sought, and inclusion of facial images will require further consent. Participants will be 

informed of their right to withdraw. This study will undergo ethical review by the UWTSD 

ethics committee. 

Insider Research 

As teacher and president at TMA 31, I acknowledge potential power imbalances. 

Participants will be assured during briefing that participation is voluntary and without 

consequence. Consideration will be given to the potential influence of familiarity, which may 

improve participant comfort but also affect the findings (Mercer, 2007).  

Expected Learning Outcomes 

• Project management skills. 

• Knowledge of acoustics and resonance. 

• WASP 2 and Image J tools experience. 

• Statistical analysis skills. 

• Clarifying current methods. 

• Foundations for future research. 
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Report 

Introduction 

Does activating the zygomaticus and orbicularis oculi muscles brighten vocal tone in 
female singers, and are two tested practical activation strategies effective? 

As a voice teacher, I promote smiling to brighten tone and improve projection, a facial 

posture (FP) long employed by singers and pedagogues (McQuade, 2016). Research show 

that activating the zygomaticus (ZM) and orbicularis oculi (OOM) muscles alters vocal tract 

resonances, enhancing brightness and projection (Fagel, 2010; McQuade, 2016; Arias, 

Bellin and Aucouturier, 2018) (see Figure 1). 

 
Figure 1. Superficial muscles of the face and neck (Zachary, Gruschak and Newman, 2023). 

The exercises I currently use to activate ZM and OOM have been passed down from 

mentors but remain untested empirically. This study aims to rectify this, evaluating the 

pedagogical and acoustic validity of two strategies (see Figure 2 and Figure 3). 

1. Fingers placed on front teeth (FT) 
2. Chopstick held lightly between front teeth (C), inspired by Strack, Martin and 

Stepper (1988). 
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FT and C were compared with two control conditions: natural smile (S) and neutral (N) facial 

postures (FP). Audio recordings were analysed for spectral centroid (SC), a weighted 

average frequency that reflects tonal brightness (Schubert and Wolfe, 2006; Pearce, 

Brookes and Mason, 2021) In addition, facial muscle activation was assessed from images 

via the Facial Action Coding System (FACS) for OOM (AU6) and ZM (AU12) (Ekman, 

Friesen and Hager, 2002). 

Intended Impact 

Participation was limited to adult amateur female singers (18-60 years), to reduce impact of 

anatomical or technique variations (Charness, Gneezy and Kuhn, 2012; Markova et al., 

2016). As resonance strategies differ between male and female singers (Henrich, Smith and 

Wolfe, 2011), this study aims to inform practical approaches for enhancing vocal tract 

resonance in female singers with potential applications across techniques and genres (Titze, 

Maxfield and Walker, 2017). 

FPs further influence emotional state and social inclusion (Andréasson and Dimberg, 2008; 

Chang et al., 2014; Arnold and Winkielman, 2021; Coles et al., 2022), making this research 

a step toward developing techniques to counteract habitual negative FPs while singing. 

Expected Learning Outcomes 

• Evaluation of existing pedagogical resonance strategies. 

• Foundations for further research into facial activation and vocal resonance. 

• Professional growth as a practitioner-researcher through: 

- Expanded knowledge of acoustics and resonance. 

- Experience with WASP 2, WaveLab Pro 12, Jamovi and Image J tools. 

- Enhanced project management and statistical analysis skills. 



______________________________________________________________________ 
Module 3 – Work-based Learning Project  BMPF7326D 
The impact of zygomatic and orbicularis oculi activation on vocal brightness: 
Exploring two facial muscle activation strategies with female singers. 
Vanessa Eve Hirsch 2327695 

10 

Literature Review 

Review Methodology 

This review prioritised peer-reviewed literature from 2005 to 2025, following female 

resonance studies from Weiss, Brown and Morris (2001) and Joliveau, Smith and Wolfe 

(2004). Earlier papers were included when seminal or where recent alternatives were 

lacking. Both qualitative and quantitative studies were considered to provide a nuanced 

understanding of smiling’s impact on vocal resonance. Non-peer-reviewed conference 

papers from leading experts in the field have been included, while grey literature is excluded 

due to its anecdotal nature and lack of methodological rigour (Franks et al., 2012).  

Written from a voice practitioner-researcher perspective, this review begins with an overview 

of voice production and vowel formants, examining differences in male and female 

resonance strategies, and exploring the effect of smiling on vocal timbre. Finally, it 

concludes with a discussion of historical context, research gaps, limitations, future research 

directions, and this study’s contributions to the research area. 

Acoustic Notation 

Standardised symbolic notation is adopted from Titze et al. (2015) (see Table 1). 

 

Table. 1 Titze et al. symbolic notation (2015). 

Source-filter System 

Voice production involves a source-filter system: Vocal folds within the larynx, driven by 

subglottic airflow, generate sound by vibrating at a fundamental frequency (fo), while the 

supralaryngeal vocal tract acts as a filter (Markova et al., 2016). Extending from the larynx to 

lips, this tract shapes resonance (R) patterns and amplifies certain frequencies (Titze, 

Maxfield and Walker, 2017) (see Figure 4). 
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Figure 4. Source, filter and sound (Maurer, 2016). 

Anatomical and demographic factors such as age and sex affect the properties of both 

source and filter (see Figure 5). 

 

Figure 5. Age variations in fo and formant position (Markova et al., 2016). 

Vowel Formants 

Articulatory positioning shapes vocal tract resonances (pharyngeal, oral and nasal), 

emphasising specific harmonic regions known as formants (Fm) (de Souza et al., 2020). The 

first two formants (F1 and F2) are key to vowel perception and contribute to vocal timbre 

(Bozeman, 2010; Maurer, 2016; Titze, Maxfield and Walker, 2017). Vowels can be classified 

by tongue position: vertical (high/low) and horizontal (front/back), which also affects jaw 
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openness (low/open and high/closed) (Georgeton, Antolik and Fougeron, 2016; Hitch, 2017; 

Knight and Setter, 2021). Low vowels like [ɑ/a], have higher F1; high vowels like [i] and [u] 

have lower F1. Back vowels ([ɑ] [o] [u]), show lower F2 while front vowels ([i] [e] [a]) show 

higher F2 (Bozeman, 2010; Hitch, 2017) (see Figures 6 and 7 and Table 2).  

 

Figure 6. Spectrographic model of male vowel formants (Bozeman, 2010). 

 

Figure 7. F1 and F2 frequencies of [ɑ] [e] [i] [o] and [u] vowels (Titze, Maxfield and Walker, 

2017). 
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Table 2. Approximate F1 and F2 by vowel (Titze, 2022). 

Resonance Strategies 

Resonance or formant tuning (fRm) enhances vocal efficiency and output by aligning vocal 

tract resonances with harmonics (nfo), often by raising fR1 to align with fo (Garnier et al., 

2010; Henrich, Smith and Wolfe, 2011; Smith et al., 2013). This requires precise 

adjustments of the tongue, jaw, and lips – jaw lowering lowers fR1, while tongue elevation 

raises fR2 (Vos et al., 2018), and vertical and horizontal lip spreading also contribute 

(Garnier et al., 2010). 

In male singers and females singing lower pitches, harmonics often align naturally with fR1 or 

second fR2 (Smith et al., 2013). When fo exceeds F1, singers must raise F1 through vocal 

tract modifications (Bozeman, 2010; Titze, Maxfield and Walker, 2017), the pitch at which 

this occurs varies by individual, vowel, and gender (Titze, 2022) (see Table 2). MRI studies 

show that female singers use vertical lip and pharynx widening, jaw opening, and tongue 

elevation as fo approaches F1 (Echternach et al., 2010), with fR1 tuning typically starting 

around 500-600 Hz (C5 – D5) (Garnier et al., 2010). Resonance tuning also plays a key role 

in register transitions (Bozeman, 2010; Titze, 2022).  

Smiling’s Effect on Vocal Tract and Timbre 

Resonance is affected by vocal tract length, through larynx, tongue and lip position 

alterations (Fagel, 2010; Titze, Maxfield and Walker, 2017). Smiling shortens the vocal tract 

through lip spreading and mouth opening, shifting fR1 and fR2 by 5-10%, increasing high-

frequency energy, and raising 2fo and 3fo (Fagel, 2010; Garnier et al., 2010; Kalashnikova, 

Carignan and Burnham, 2017; Kim et al., 2020; Arias et al., 2020; Shi et al., 2024). When 

lips are spread, vowel clarity of rounded vowels is maintained through tongue position 

alterations (Fagel, 2010). 
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A genuine ‘Duchenne’ smile engages both the orbicularis oculi (OOM) and zygomaticus 

muscles (ZM) (Ekman, Davidson and Friesen, 1990; Jaffer, Ichesco and Gerstner, 2016), 

while non-genuine smiles engage only the ZM to a lesser extent (Soussignan, 2002) (see 

Figure 8). MRI studies show that happy expressions shorten the vocal tract more than angry 

or sad ones (Kim et al., 2020). Smiling alters vocal timbre (Arias, Bellin and Aucouturier, 

2018), and listeners can distinguish smile types by sound alone, even across languages 

(Drahota, Costall and Reddy, 2008; Quené, Semin and Foroni, 2012), suggesting ZM and 

OOM activity produces distinct acoustic effects. 

 

Figure 8. Duchenne vs Non-Duchenne smiles (Ekman, Friesen and Hager., 2002; Salas et 

al., 2016). 

Strack, Martin and Stepper (1988) used a pen-between-teeth method to activate the ZM and 

OOM, a technique adapted in this study’s Chopstick strategy. However, Coles et al (2022) 

questioned its validity due to possible activation of biting muscles, suggesting alternative 

methods may be better for activating OOM. Considering the impact of jaw tension and 

position on vocal tract resonance and brightness (Mautner, 2015), this was carefully 

monitored in this study. 

Shi et al. (2024) found that smiling raised fR1, fR2, f0 and 2fo.  However, both f0 and brightness 

varied with language, suggesting it influences resonant strategies. Furthermore, loudness 

produced a stronger effect on brightness than smiling. Therefore, this study considered the 

impact of volume and language on acoustic outcomes. Additionally, as OOM activation can 

occur in negative expressions (Kunz, Meixner and Lautenbach, 2019; Girard et al., 2021), 

the combined activation of both ZM and OOM was monitored. 
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Evaluation 

Although resonance strategies vary across musical genres (Titze, Maxfield and Walker, 

2017), much of the existing research has concentrated on Western classical singing (de 

Souza et al., 2020; Herbst, Story and Meyer, 2023). Moreover, vocal resonance studies 

have historically centred on male singers (Sundberg, 2001; Echternach et al., 2010). Trained 

male Western classical singers employ a singer’s formant cluster (SFC), a prominent 

spectral peak around 3 kHz, to enhance vocal projection and resonance (Vampola; Horáček 

and Laukkanen., 2024). However, evidence of a comparable strategy in female singers 

remains limited and conflicting (Vos et al., 2018). Weiss, Brown and Morris (2001) proposed 

a female-specific equivalent particularly evident on low to mid pitches, Extended Frequency 

Reinforcement, which spans a broadband range 2 – 2.5 times greater than males (2.6 – 4.6 

kHz), More recently, Vampola, Horáček and Laukkanen (2024) identified SFC-like patterns 

in female voices below 500 Hz, though with greater variations by vowel and a wider 

frequency spread. Conversely, de Souza et al (2020, p.7) argue there is a “clear lack” of a 

singer’s formant in women. These divergent findings highlight the need for clearer, gender-

specific terminology and further investigation into female vocal resonance strategies. 

Recent studies have begun addressing this gap (Vos et al., 2018; de Souza et al., 2020; 

Lyubarskaya et al., 2024), and this study similarly recognises the unique characteristics of 

female vocal resonance. Additionally, research in this field has been hindered by 

inconsistent terminology relating to formants, resonances, and harmonics. To support cross-

study clarity, this study adopts the standardised notation system proposed by Titze et al. 

(2015) (see Table 1). 

Vocal acoustics research also faces several challenges, including small sample sizes, 

individual variability, and the complexity and cost of capturing vocal mechanisms 

(Echternach et al., 2010; Chang et al., 2014; McQuade, 2016; Vampola, Horàček and 

Laukkanen, 2024). While previous studies have demonstrated a potential role for ZM and 

OOM activation in enhancing brightness, further research is required to establish effective, 

genre-specific techniques, especially for female singers. This study contributes by evaluating 

two practical strategies to support the developing area of female resonance research. 
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Methodology  

Participants  

Participants (n=10) were selected in a purposive sample of adult female amateurs aged 18 -

60, thereby reducing variability arising from prior vocal training and sex- or age-based voice 

differences (Markova et al., 2016).  

 

Table 3a. Taxonomy of participants – self reported. 
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Table 3b. Taxonomy of participants continued. 

Post-positivist Quantitative Methodology 

This study was guided by a post-positivist (PP) paradigm, reflecting my ontological view that 

reality is uncertain and best understood probabilistically (Guba and Lincoln, 1994). 

Grounded in critical realism, it acknowledges values, beliefs and that researcher-participant 

interactions shape understanding (Guba and Lincoln, 1994; Pretorius, 2024). As an insider 

practitioner-researcher, I also recognise power imbalances and prior relationships may 

influence data collection (Mercer, 2007). PP mitigates this risk by emphasising empirical 

testing and objectivity and additionally reflects on traditional assumptions (Guba and Lincoln, 

1994; Pretorius, 2024). Moreover, it provides a scientifically rigorous framework that bridges 

positivist and interpretivist approaches (Panhwar, Ansari and Shah 2017). Within this 

framework, this study aimed to (non)falsify the hypothesis that the FT and/or C strategies 

activates ZM and/or OOM muscles, enhancing tone brightness and projection in female 

singers (Guba and Lincoln, 1994; Ryan, 2018).  

A quantitative methodology, aligned with PP, was employed to identify patterns and 

relationships in measurable data, minimise researcher influence and bias, and maintain 

objectivity (Mackenzie and Knipe, 2006; Hammersley, 2013; Gerring, 2017; McLeod, 2024). 

Quantitative methods were favoured over qualitative to reduce analytical complexity and 
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time (Scott, 2024). While this preliminary study excluded interviews and questionnaires, 

future research may benefit from qualitative insights to deepen understanding in this 

complex field (Pretorius, 2024). 

Design 

A 4 x 5 Factorial Within-Subject design was chosen to enhance statistical validity with a 

small sample, as each participant served as their own control (Charness, Gneezy and Kuhn, 

2012), helping reduce variability from individual vocal anatomy and technique (Markova et 

al., 2016; Lyubarskaya et al., 2024).  

Data collection was randomised across four FP prompts and five vowels to minimise fatigue, 

psychological bias and sensitisation effects (Charness, Gneezy and Kuhn, 2012).  

Independent Variables 

Prompts 

1. Smile (S) 

2. Neutral (N) 

3. Chopstick: Held lightly between teeth (C) 

4. Fingers: Thumb and first finger held on upper teeth (FT) 

To minimise researcher influence (Guba and Lincoln, 1994; Pretorius, 2024) and objectively 

assess ZM and OOM activation, participants received no specific instructions on responding 

to S or N prompts (for example, Duchenne or Non-Duchenne smiles). Similarly, C and FT 

strategies were demonstrated only during the briefing, not data collection phases.  

Vowels 

5 vowels ([a] [e] [i] [o] and [u]), sung individually between reference pitches. 

Dependent Variables 

Acoustics 
Spectral centroid (SC) 

Muscle Activation 
OOM (AU6) and ZM (AU12) 

This design, measuring acoustical changes and muscle activation, enabled analysis of how 

vowel articulation interacts with C and FT strategies, while two control postures: S and N 

allowed comparison against neutral or natural baselines. 
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Experiment Set Up 

Figure 9. Experiment set up. 

Pilot Trial 

A pilot trial was conducted leading to two adjustments: 

• References to facial “expressions” were replaced with “position” or “posture”, in 

briefing scripts and during the data collection to avoid influencing participant 

responses. 

• A speaker was added to play the reference pitch, ensuring both vocal and 

synthesised pitches were recorded, aiding monitoring pitch accuracy and facilitating 

analysis. 

Briefing 

During this phase a script was used to ensure all participants received identical instructions 

(see Appendix 6). Five IPA vowel cards ([a] [e] [i] [o] and [u]) were shown, and pronunciation 

clarified via a recording to minimise researcher influence. Participants practiced 

pronunciation with feedback, mainly for English native speakers unfamiliar with [e] or IPA. C 

and FT strategies were demonstrated. A 5 x 330Hz guide pitch recording was played and 

vowel phonation procedure explained. Black markers tracked ZM, OOM, and oral 

commissure movements, following Miller, Smith and Shah (2007),Jaffer, Ichesco and 
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Gerstner (2016), and Weber and Krenn (2017), (see Appendix 4: Figures 1 and 2). Marker 

placement was explained with an image (see Figure 10) and verbal consent obtained. 

Rhinestone markers proved unreliable, therefore water-soluble liquid eyeliner was 

substituted for all participants. Finally, participants were invited to ask questions. 

  

Figure 10. Placement of markers (Miller, Smith and Shah., 2007; Jaffer, Ichesco and 

Gerstner, 2016; Weber and Krenn, 2017). 

Data Collection 

Video and audio were recorded simultaneously using: 

• Two cameras (iPhone) positioned 90 cm from the participant: one frontal and one 

lateral. The lateral view was included to capture muscle movement along the 

anteroposterior axis, which Jaffer, Ichesco and Gerstner (2016) found shows greater 

displacement when smiling. 

• A Blue Yeti microphone, placed 30cm from the participant, connected to a MacBook 

Pro laptop and WASP2 software.  

Equipment and seating positions were marked, and participants were instructed to minimise 

upper-body movement to standardise distances. Video captured continuous muscle 

activation (Young et al., 2002), participant movements and reactions to prompts. 

Participants were seated upright with feet flat and back touching back of the chair to 

maintain optimal singing posture and consistent distance from the equipment. Vowel order 
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was randomised by shuffling five vowel cards and placing them face up before each stage, 

with four prompt cards laid out in front of participant in a pre-randomised order (see 

Appendix 3: Tables 1 and 2). 

Each participant sang five randomised vowels per prompt, interspersed with five 

standardised 330Hz (E4) reference pitches. Short pauses separated vowels and reference 

tones for clarity. Pitch accuracy was monitored using WASP2, aiming a margin of error of 

less than 1⁄4 tone (325 Hz to 335 Hz), while volume was tracked via the Decibel X app (Shi 

et al., 2024) with the planned 70-85 dB range lowered to 60-75 dB for all participants. 

Before each stage, participants held prompt card to the camera, and the order of vowels was 

noted to streamline analysis. To avoid blocking the lateral camera view on participant’s right, 

the left hand was used for FT. 

Only participant and researcher were present during briefing, recording and debriefing to 

ensure anonymity and reduce noise.  

Participant 10 returned to repeat N and C prompts after the [e] vowel was omitted in the 

original session. 

Analysis 

All statistical analyses were conducted using an alpha value of 0.05, indicating a 5% risk of 

incorrectly concluding that an effect exists when it does not. Correspondingly, p-values less 

than 0.05 were considered to indicate statistically significant differences. 

Spectral Centroid 

The spectral centroid (SC), the weighted average frequency of a sound spectrum quantifies 

tonal brightness (Schubert and Wolfe, 2006; Pearce, Brookes and Mason 2021; Kazazis, 

Depalle and McAdams, 2022) (see Figure 11). WaveLab Pro 12 was used to calculate the 

mid-vowel average SC from audio recorded. 

 

Figure 11. Formula for SC calculation (Pearce, Brookes and Mason, 2021). 

Also known as the Spectral Centre of Gravity (CoG), SC increases when a set of formants 

are raised through vocal tract alterations (Jemaa, Ouni and Laprie, 2010). Since smiling 

alters vocal tract length, SC variations were evident in this study’s results (see Figure 12). 
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Figure 12. Formant position related to vocal tract length (Markova et al., 2016). 

Facial Action Unit Coding 

Video was converted into still images using Filmora, capturing peak muscle activation per 

vowel/prompt. Initially, ImageJ was planned to measure distances between 10 facial marks, 

but inconsistent scaling across cropped photos and participants movements compromised 

accuracy. Consequently, the Facial Action Coding System (FACS) (Ekman and Friesen, 

1978) was used to code smile-related Action Units (AU). 

• AU6 – Cheek Raiser and Lid Compressor (OOM activation) 

• AU12 – Lip Corner Puller (ZM activation) 

(Ekman, Friesen and Hager, 2002) 

Researcher Influence, Insider Research, and Ethics 

Mimicry 

Smiles, both visual and auditory, can trigger mimicry and activate ZMs even without visual 
cues (Andréasson and Dimberg, 2008; Arias, Bellin and Aucouturier, 2018; Arnold and 

Winkielman, 2021). To avoid influencing participant’s FPs, I sat beside them and minimised 

verbal instructions (Hawk, 2012).  

Power imbalance 

The insider researcher/participant dynamic and its potential influence were acknowledged 

during briefing (Costley and Gibbs, 2006; Breen, 2007; Mercer, 2007). Participants were 

reassured their responses had no personal or professional consequences or benefits and 

encouraged to respond naturally, without trying to align with perceived expectations. 
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Hygiene 

Individually wrapped chopsticks, hand sanitiser, and facewipes were provided. 

Anonymity and Data Security 

Data were stored under pseudonyms on protected devices with secure backups. Hard copy 

consent forms were digitalised and destroyed. Photographic images were stored digitally, 

and analysis limited to facial areas. Participant images and audio are excluded from this 

report to protect privacy. 

Informed Consent 

Informed consent was obtained with an information sheet provided (see Appendix 5).  

Approval 

Ethics approval was granted by the UWTSD Research Ethics Committee (see Appendix 13) 

and approval granted by TMA 31 and the Mairie de Pibrac (see Appendix 11). 

Use of AI 

AI has been employed in this study for the following purposes: 

Canva AI 

Image creation (see Figure 10). 

ChatGPT 

• Randomisation of prompt order. 

• Creation of digitalised 330 Hz guide pitch. 

• Clarification of unknown academic terms. 

• Assistance in drafting glossary definitions. 
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Findings 

Spectral Centroid  

Descriptives 

Mean SC 

For S and FT prompts the highest mean SC was measured on an [i] vowel (S = 1676 Hz, FT 

= 1539 Hz). However, for N and C the highest mean SC occurred on an [e] vowel (N = 1643 

Hz, C = 1688 Hz). 

The lowest means were measured on rounded vowels: [u] (N = 931 Hz, C = 1045 Hz, FT = 

928 Hz), [o] (S = 1163 Hz). 

Mean versus Median 

Several vowels produced slightly higher median scores than mean, with [i] consistently 

producing a higher value, this suggests that data is negatively skewed (see Table 4 and 

Appendix 3: Table 3). 

 

Table 4. Prompts and vowels with higher median than mean SC value. 

Standard Deviation 

The largest standard deviation in SC was produced by S [u] (SD = 642). Additionally, N [e] 

and C [i] prompts/vowels both produced a larger standard deviation (SD > 420). 

(See Appendix 3: Table 3). 

ANOVA 

A two factor repeated measures ANOVA showed statistically significant differences across 

prompts, F (3, 27) = 7.09, p = 0.001, and across vowels, F (4, 36) = 31.52, p < .001. 

However, there was no significant interaction between prompts and vowels, F (12, 108) = 
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1.01, p = 0.449. Partial eta squared effect sizes indicated that vowels had the greatest 

impact (ηp2 = 0.778) followed by prompts with a strong effect (ηp2 = 0.441), while the 

interaction effect was small (ηp2 = 0.101).  

(See Appendix 3: Table 4). 

Post hoc 

Following repeated measures ANOVA, post hoc tests with Bonferroni correction were carried 

out. This revealed there was a significant difference in SC between the prompts S and FT, t 

(9) = 5.249, pbonferroni = 0.003. All vowels produced a higher SC mean on S than FT, with the 

mean difference 190.5 greater on average when smiling (see Table 5, Figure 13 and 

Appendix 3: Table 5). 

 

Table 5. S versus FT prompt mean SC by vowel. 

 

Figure 13.  Bar chart S versus FT prompt mean SC by vowel. 
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Box Plots: Spectral Centroid by Vowel 

 

Legend 

 

 

 

Figure 14. [a]. 

 

Figure 15. [e]. 
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Figure 16. [i]. 

 

Figure 17. [o]. 

 

Figure 18. [u]. 
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AU6 and AU12 Muscle Activation 

Descriptives 

The S prompt showed the greatest AU6 and AU12 activation across all vowels (AU6: [a] = 

3.00, [e] = 3.00, [i] = 3.20, [o] = 2.70 and [u] = 2.80, AU12: [a] = 3.10, [e] = 3.20, [i] = 3.30, [o] 

= 3.00 and [u] = 3.10) but also the largest standard deviation (AU 6 [e]: SD = 1.56; AU12 [i]: 

SD = 1.34). FT showed the greatest activation in both AU6 and AU12 when singing an [i] 

vowel compared with the other vowels (AU6: M = 1.00; AU12: M = 1.50). Nevertheless, FT 

saw a slight increase in both AU6 and AU12 activation compared with the N prompt on 

almost all vowels except for [a]/AU6 and [e]/AU12. The C prompt saw an increase in AU6 

activation from N across all vowels but AU12 only on [a], [i] and [u]. 

AU6 

Standard deviations in AU6 activation were greatest for the S prompt (1.23  ≤ SD ≤ 1.56) 

with the largest occurring on S [e] (SD = 1.56). However, FT also showed high standard 

deviation on [i] (SD = 1.05) and [u] (SD = 1.20).  

The highest mean value was measured using S [i] (M = 3.20). However, the highest median 

value was measured on S [e] (Mdn = 4.00).  

There was an increase in AU6 activation from N on all prompts, except FT [a] where 

activation remained the same. FT and C strategies, however, produced only slight increases 

in comparison with S (see Table 6).  

 

Table 6 Mean AU6 activation by vowel/prompt. 

Several prompts and vowels produced higher median values than mean, suggesting that 

there is a negative skew to the data, particularly noticable with S which saw higher means on 

most vowels (see Table 7 and Appendix 3: Table 6). 
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Table 7. Prompts and vowels AU6 activation with higher median than mean value. 

AU12 

Standard deviations in AU12 activation were similarly greatest for S (0.994 ≤ SD ≤ 1.34) 

(with the largest measured on the S [i] (SD = 1.34). However, FT also showed standard 

deviation higher than 1 on [i] (SD = 1.18) and [u] (SD  = 1.15).  

The highest mean value was measured on S [i] (M = 3.30) and similarly the highest median 

value (Mdn = 3.50).  

AU12 activation increased from N vowel equivalents on all FT vowels except for [e]. S 

increased AU12 activation on all vowels, whereas C activation on rounded vowels 

decreased with [o] and was the equivalent for [u] when compared with N. 

Several vowels/prompts produced median values which were higher than the mean 

suggesting a negative skew (see Table 8). 

  

Table 8. Prompts and vowels AU12 activation with higher median than mean value. 

(See Figure 19 and Appendix 3: Table 6 and 7). 



______________________________________________________________________ 
Module 3 – Work-based Learning Project  BMPF7326D 
The impact of zygomatic and orbicularis oculi activation on vocal brightness: 
Exploring two facial muscle activation strategies with female singers. 
Vanessa Eve Hirsch 2327695 

30 

 
Figure 19. Mean AU6 and AU12 activation prompt/vowel. 

ANOVA 

A two factor repeated measures ANOVA showed a significant effect of prompt on muscle 

activation for both AU6, F (3, 27) = 29.154, p < 0.001, and AU12, F (3, 27) = 33.530, p < 

0.001. Similarly, there was a significant effect of vowel on activation for both AU6, F (4, 36) = 

3.097, p = 0.027, and AU12, F (4,36) = 4.725, p = 0.004. There was, however, no significant 

interaction between prompt and vowel for either AU6, F (12, 108) = 0.906, p = 0.543, or 

AU12, F (12, 108) = 0.902, p = 0.547. 

Partial eta squared effect sizes indicated prompt had the largest impact on AU6 and AU12 

activation (AU6: ηp2 = 0.764, AU12: ηp2 = 0.788), followed by vowel with a moderate effect 

(AU6: ηp2 = 0.256, AU12: ηp2 = 0.344). Interaction effects were small (AU6: ηp2 = 0.091, 

AU12: ηp2 = 0.091) (See Appendix 3: Table 8 and 9). 

Post hoc 

AU 6 and AU12 

Following repeated measures ANOVA, post hoc tests with Bonferroni correction were carried 

out. This revealed the greatest difference in AU 6 and AU12 activation was between S and 

the N (AU6: t (9) = 7.320, pbonferroni < 0.001, AU12: t (9) = 6.7553, pbonferroni < 0.001). The 

mean difference between N and S was 2.54 for AU6 and 2.46 for AU12, with higher values 

observed when smiling (See Appendix 3: Table 10 and 11 and Appendix 4: Figure 3). 
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Discussion 

Research supports the notion that activation of the ZM and potentially OOM muscles leads 

to a brighter vocal tone (Ohala, 1980; Fagel, 2010; McQuade, 2016; Titze, Maxfield and 

Walker, 2017; Arias, Bellin and Aucouturier, 2018; Dropuljic et al., 2018). In this study, 

significant differences in SC were observed across prompts, with the largest difference found 

between S and FT. The S prompt produced the greatest AU6/OOM and AU12/ZM activation 

and generally highest SC scores, implying that alterations in the vocal tract through lip 

spreading and jaw opening enhance brightness (Fagel, 2010; Garnier et al., 2010; 

Kalashnikova, Carignan and Burnham, 2017; Arias, Bellin and Aucouturier, 2018; Kim et al., 

2020; Shi et al., 2024). The findings confirm that variations in ZM and OOM activation 

influence brightness (SC), suggesting that vocal training exercises targeting these muscles 

could be beneficial for vocal resonance and brightness. 

Although FT produced the lowest SC scores, it, along with C, nevertheless showed higher 

AU6 and AU12 activation than the N prompt. This suggests effectiveness of C and FT 

strategies may not be fully reflected by SC measurements in this study. Placement of the 

hand or chopstick in front of the mouth may have acted as a mute, potentially lowering the 

recorded SC (Yoshikawa and Nobara, 2017). Upon reflection, covering of the mouth during 

FT or C may additionally provide Semi Occluded Vocal Tract (SOVT) benefits; creating 

supraglottal pressure and reducing phonation threshold pressure (Holm et al., 2025). As FT 

and C both encouraged AU6 and AU 12 engagement, increased brightness combined with 

SOVT benefits could be masked by SC reduction due to muting. Pre- and post-prompt 

phonation should be assessed in further studies, therefore, to gauge post intervention 

effects. 

The [o] vowel produced a higher SC mean with C than S prompts. As lip rounding was 

impaired during C or FT strategies on rounded vowels ([o] and [u]), the typical SC lowering 

effect of rounding may have been disrupted (Ohala, 1980; Fagel, 2010; Daugherty and 

Brunkan, 2013). Whether an increased brightness through inhibition justifies a potential 

compromise in vowel clarity requires further study. Anecdotally, when the FT strategy was 

taught to me it was employed in alternation between [u] and [i]. It is possible, therefore, that 

interference with [u] rounding enhanced my perception of brightness. Further research 

should examine the benefits of these strategies on rounded vowel combinations to clarify 

this assertion. 

The C strategy, inspired by Strack, Martin and Stepper (1988), did not reliably elicit 

AU6/OOM and AU12/ZM activation and occasionally showed none. This reflects findings 

from Coles et al (2022), who reported mixed outcomes. This leads me to question its 
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pedagogical value as there were significant limitations observed on this strategy: discomfort, 

jaw clenching (P1,2,5,8,9 and10) (Coles et al., 2022), FEs resembling disgust (P5), 

complexity, and vowel production issues. 

SC variation between participants was high, with median sometimes exceeded mean values, 

suggesting a negatively skewed distribution. This implies that a few lower scores reduced 

averages and suggests larger sample sizes are necessary to clarify true effects. 

Potential factors influencing SC variation may have included: 

• Smiling slightly during N (P3 and 10), failing to smile for S (P1), or variations of 

smiles. 

• Psychological and culture factors, for example, frown or sneer muscle engagement 

(P5) or exaggerated smiles (P10) (Drahota, Costall and Reddy, 2008; Leshin et al., 

2024; Shi et al., 2024). 

• Differences in chopstick or finger placement. 

Moreover, participants received no instructions on finger or chopstick placement and were 

unaware of the exercises’ intended purpose. Future research should therefore measure 

whether pedagogical preparation might improve effectiveness (Mesmer-Magnus and 

Viswesvaran, 2010). 

Observations 

Video analysis revealed additional insights not captured in still images. These suggest that 

psychological state and participant comfort may influence vocal output. Future research 

should therefore include qualitative measures, such as questionnaires or interviews to 

explore these effects and build more nuanced understanding of their impact (Gerring, 2017; 

Ahmad et al., 2019).  

Practical Applications 

The findings of this study do not necessarily negate the practical value of these exercises as 

small sample size, wide distribution, and potential muting effects may have impacted results. 

Although less effective than a natural smile, both FT and C increased AU6 and AU12 

activation linked to brighter tone and may therefore support students who struggle to smile 

naturally while singing. Additionally, interference with lip rounding could enhance brightness 

in rounded vowels and may prove useful in mixed vowel exercises (see Appendix 4: Figure 

5). 

Of the two, FT appears more suitable, offering greater comfort, no need for equipment and 

less inhibition of vowel articulation. 
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Future research should explore the role ZM and OOM activation in resonance tuning for 

female singers, including potential benefits for navigating register transitions and the 

possible SOVT benefits of C and FT strategies (Bozeman, 2010; Titze, 2022; Holm et al., 

2025). 

Limitations  

• Small sample size: High standard deviation and negative skew could be resolved by 

increasing sample size.  

• Vowel inaccuracies and Native Language: Native language influenced vowel 

production (Baker and Trofimovich, 2005), especially on [e] in English native 

speakers. Prior training or restricting language of participants would increase 

accuracy (Shi et al., 2024). 

• Participant variations: Culture, personality and psychological state may have 

influenced data (Gunjawate, Ravi and Bellur, 2018). Additionally, voice type, varying 

vocal techniques, vocal styles (classical/belt), age and hormones (peri-/menopause) 

may have impacted the results (Titze, Maxfield and Walker, 2017; Shankar et al., 

2022). Careful inclusion and exclusion criteria and qualitative data are 

recommended. 

• Prior Relationships: Prior-relationships or power dynamics may have affected 

participant behaviour (Al-Natour, 2011). 

• FACS coding subjectivity: Potential bias or lack of training could affect AU scoring 

objectivity (Cohn, Ambadar and Ekman, 2007); multiple coders or automation would 

increase objectivity. 

• Image Quality: Camera angles varied, risking misinterpretation; future studies 

should standardise setup. 

• Recording quality: Ambient noise and distortion occurred which could be mitigated 

by careful monitoring of microphone levels and selection of venue. 

• Speaker volume: Guide pitch loudness varied, possibly influencing response 

volume. Levels should be standardised in future. 

• Repeated data collection  
P10 required a second session to record data which potentially affected results. Data 

should be more carefully monitored in future. 
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Conclusion 

While this study does not provide clear evidence that either the FT or C strategies reliably 

enhance vocal brightness, both saw increases in ZM and OOM activation suggesting 

potential resonance benefits. However, C appears less suitable for studio use due to its 

interference with rounded vowels, potential for discomfort and jaw clenching (Coles et al., 

2022), and practical issues related to hygiene and materials required. 

Several questions remain for further research. Does FT have a lasting impact on brightness 

once the hand is removed (Yoshikawa and Nobara, 2017; Holm et al., 2025)? Could pre-

training improve its effectiveness (Mesmer-Magnus and Viswesvaran, 2010)? Are these 

strategies beneficial across specific vowel combinations, particularly rounded vowels like [o] 

and [u] (Titze and Titze, 2013)? Would results differ at other pitches or vocal registers 

(Henrich, Smith and Wolfe, 2011)? Could alternate sample criteria, larger participant groups 

or more rigorous approaches produce different outcomes?  

Future studies using alternative methodologies and designs may offer clearer insights into 

the effectiveness of these resonance strategies. 

Reflection 

Undertaking this study has highlighted the importance of practical voice studio exercises that 

target the ZM and OOM to enhance vocal brightness. The findings validated many of my 

current pedagogical approaches but encourage further research into how facial activation 

interacts with resonance and register transitions. It also expanded my understanding of how 

resonance strategies differ across genres, voice types and sexes. 

Through this process, I deepened my understanding of facial muscle function, FACS coding, 

and spectral analysis – particularly the role of formants and SC in brightening vocal tone. 

This growth was supported by hands-on experience with software including WASP 2, 

WaveLab Pro 12, Jamovi, and ImageJ and explored Praat and VoceVista. I significantly 

improved my statistical analysis skills, gaining confidence in generating and interpreting 

descriptive statistics, ANOVA, and post-hoc tests, and selecting clear, effective graphs and 

charts for data presentation. Learning and adopting a standardised acoustic notation helped 

me clarify and communicate findings more precisely and consistently (Titze et al., 2015).  

From a project management standpoint, learning to create and apply a Gantt chart proved 

invaluable for mapping key steps, structuring timelines and tracking progress throughout the 

study. 
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However, the project also revealed areas for improvement. In future, I would conduct pilot 

tests in the final data collection venue to avoid unexpected logistical or acoustic issues, and 

more carefully select data collection and analysis methods to reduce the need for mid-study 

adjustments and increase accuracy of results. 

Some value conflicts became evident during this project. My familiarity with the FT prompt 

posed a potential bias, which was mitigated by applying a PP framework and adhering to the 

FACS manual (Ekman, Friesen and Hager, 2002). Pre-existing relationships with 

participants posed a further risk. I balanced scientific rigour with warmth and respect by 

using a scripted briefing, minimising interaction during data collection, and maintaining 

friendly rapport before and after each session.  

Overall, this project has supported my growth as a practitioner-researcher by deepening my 

knowledge and strengthening both practical and analytical skills. It has built a foundation for 

future research and enhanced my practices as a vocal pedagogue committed to evidence-

based strategies. 
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Appendices 

Appendix 1 - Glossary of Terms 

Acoustic 

Relating to sound or the science of sound; in voice studies it often refers to measurable 
audio properties such as frequency, amplitude, or resonance. 

Duchenne Smile 

A genuine smile characterized by the activation of the zygomaticus and orbicularis oculi 
muscles, producing both mouth and eye movement. 

Harmonics 

The whole number multiples of the fundamental frequency (fo); responsible for tonal richness 

and timbre of sound. 

Facial Action Unit (FACS) 

A standardized coding system for describing facial movements based on muscle activation. 
Each "action unit" (AU) corresponds to a specific facial movement (Ekman and Friesen, 

1978). To accurately code facial movements, coders require hours of training and dividing 

scores from multiple coders increases objectivity. A new version of FACS was developed by 

Eckman, Friesen and Hager (2002). 

 Fundamental Frequency (fo) 

The lowest frequency of a periodic waveform, perceived as the pitch of the voice. 

Formant 

A resonance peak in the vocal tract’s frequency response. Formants are crucial for the 

intelligibility and character of vowel sounds. 

Formant Tuning 

The deliberate adjustment of vocal tract shape to align formants with harmonics or desirable 
frequencies, enhancing vocal resonance and projection. It is also believed to be important 

for navigating register changes. 

Frequency 

The rate at which a sound wave oscillates, measured in Hertz (Hz); determines pitch. 

Hz (Hertz) 

The unit of frequency, equal to one cycle per second. 
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ImageJ 

An open-source image processing program used for measuring and analysing scientific 
images.  

Jamovi 

A free, open-source statistical software with a user-friendly interface, designed for easy data 

analysis without programming. 

Orbicularis Oculi Muscle 

A circular muscle surrounding the eye, responsible for closing the eyelids and producing eye 

crinkling associated with genuine (Duchenne) smiles. Often activated alongside the 

zygomaticus major in expressions of positive emotion. 

Praat 

A free, open-source software for analysing, synthesizing, and manipulating speech. Widely 

used in phonetics and linguistics research for tasks like spectrogram analysis and pitch 

tracking. 

Projection 

The ability of a voice to carry clearly and powerfully, aided by resonance and breath support. 

Registers 

Distinct ranges of the singing voice, typically categorized as chest, middle, and head voice, 
each with unique vocal fold and resonance characteristics. 

Resonance 

The amplification and enrichment of sound through alterations in the vocal tract. 

Singers’ Formant Cluster 

A cluster of formants (usually F3, F4, and F5) around 2.5–3 kHz that Western classical 

singers enhance to project their voice. 

Spectral Centroid / Centre of Gravity (CoG) 

The weighted frequency average of the power spectrum. It is associated with perceived 

brightness of sound: 

– High SC/CoG → bright sound. 

– Low SC/CoG → dark sound. 

Spectrogram 

A visual representation of the spectrum of frequencies in a sound signal over time, 
commonly used in acoustic analysis. 
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Vocal Tract 

The series of cavities and structures (larynx, pharynx, mouth, and nasal passages) through 
which the vibration from the vocal folds travels and shaped resonance and vowels through 

phonation. 

VoceVista 

A software tool for visualizing and analyzing voice and sound, often used in vocal training. It 

displays spectrograms, overtones, and pitch, helping users improve vocal technique and 

understand acoustic feedback. A software tool for visualizing and analysing voice and 

sound, often used in vocal training. It displays spectrograms, overtones, and pitch, helping 

users improve vocal technique and understand acoustic feedback. 

Timbre 

The tone quality or colour of a sound, shaped by harmonics, formants, and other acoustic 

features beyond pitch and loudness. 

WASP 2 (Waveform Annotations, Spectrogram, and Pitch) 

A free online or downloadable tool used for acoustic analysis sound. 

WaveLab Pro 12 

A digital audio editing software used for professional audio mastering and waveform 
analysis, including analysis of the spectral centroid. 

Zygomaticus Muscles 

Facial muscles (zygomaticus major and minor) responsible for lifting the corners of the 
mouth, key to smiling and implicated in brightening vocal tone. 
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Appendix 2 - List of Abbreviations 

C Chopstick between teeth prompt. 

CoG Spectral centre of gravity. 

FE Facial expression, referring to the interpretation of facial postures as being 
associated with an emotion (see Appendix 12). 

fo Fundamental frequency (Hz). 

fRm Resonant frequency (Hz). 

nfo Harmonic frequency (Hz). 

F F-value (F): A ratio used to compare variance between groups to variance within 
groups; it is interpreted alongside degrees of freedom (df) to assess statistical 

significance. 

Fm Formant (Hz). 

FP Facial posture, referring to muscle activation (see Appendix 12). 

FT Finger on top teeth prompt. 

N Neutral posture prompt. 

ηp2 Partial eta effect squared effect size. For example, an ηp² value of 0.441 means 
that 44.1% of the variance in the outcome can be attributed to that factor. 

OOM Orbicularis oculi muscles. 

p p-value (p): The probability that the observed results occurred by chance; 
values below 0.05 are typically considered statistically significant. 

P Participant. 

Pbonferroni A p-value that has been adjusted using the Bonferroni correction to reduce the 

risk of false positives when multiple statistical comparisons are made. 

R Resonance. 

S Smile prompt. 

SC Spectral centroid. 

SD Standard deviation. 

SFC Singers formant cluster. 

ZM Zygomaticus muscles. 
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Appendix 3 - Tables  

 

Table 1. Order of prompts recorded by participants  

1. Smile, 2. Neutral, 3. Chopstick, 4. Fingers on Teeth (Randomised by ChatGPT). 

 

 

Table 2. Order of the vowels recorded by participants. 
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Table 3. Spectral Centroid, Descriptives by vowel and prompt. 
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Table 4. Spectral Centroid, ANOVA prompt, vowel and prompt/vowel. 

 

Table 5. Spectral Centroid, Post hoc with Bonferroni correction. 
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Table 6. AU6 Descriptives. 
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Table 7. AU 12 Descriptives. 
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Table 8. AU6 ANOVA, prompt, vowel and vowel/prompt. 

  

Table 9. AU12 ANOVA, prompt, vowel and vowel/prompt. 

 

Table 10. AU 6, Post hoc prompts with Bonferroni correction. 
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Table 11. AU 12 Post hoc, prompts with Bonferroni correction. 
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Appendix 4 - Figures  

 

Figure 1. Location of Zygomatic muscles (Weber and Krenn, 2017). 

 

Figure 2. Origin of Zygomaticus Major (Miller, Smith and Shah, 2007). 
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Figure 3. Box Plots AU6 and AU12 activation vowel/prompt. 
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Figure 4. Gannt Timeline for project. 
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Figure 5. [u] and [i] alternation. Example exercises for use with FT for brightening rounded 

vowels. 
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Figure 6. WaveLab Pro 12 sample P2 S. 

 

 

Figure 7. Wavelab Pro 12 sample P2 FT. 
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Figure 8. WaveLab Pro 12 sample P10 C. 

 

 

Figure 9. WaveLab Pro 12 sample P5 N. 
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Appendix 5 - Information Sheet 

Eve Hirsch 
905 Chemin de las Néous 
Lasserre-Pradère 
31530, France 
 
06 45 01 39 05 
eve@butterflyvocal.fr 

Participation in a Master’s Experiment in Vocal Pedagogy 

I would like to invite you to participate in an experiment in the context of my master’s studies 

in professional practices in vocal pedagogy at the Voice Study Centre (VSC) in conjunction 

with the University of Wales Trinity St David (UWTSD). This study has been approved by the 

University of Wales Trinity St David Research Ethics Committee. 

You have been selected from TMA 31 association members and students of the Butterfly 

Vocal Studio and your support in this project would be greatly appreciated. Participation, 

however, is purely voluntary and, therefore, refusal to participate will involve no penalty or 

loss of benefits to which you are otherwise entitled, and you may discontinue participation at 

any time without any repercussions. 

This study aims to observe 10 adult female (18-60 years) amateur singers while singing. 

Your participation, taking approx. 30 mins, would help further the field of academic 

understanding in vocal pedagogy and the development of practical applications for voice 

studios.  

Thank you in advance for your time in considering taking part in the study. 

______________________________________________________________________ 

Description of the Research 

Title: A quantitative study of 10 amateur female adult singers exploring the validity of two 

facial muscle activation acoustic strategies. 

Aim: To test the effects of two practical strategies on facial muscle activation and vocal tone 

and compare them to control facial postures. The results will add to existing academic 

research by exploring the influence of facial expressions on sung vocal tone. There is 

considerable academic support to the notion that facial expressions can additionally affect 
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mood, social inclusion, and empathy. This experiment is, therefore, a first step towards a 

long- term goal of understanding the impact of facial expressions on singers. These primary 

findings will be used to inform my future research, hopefully resulting in the development of 

practical strategies which improve singer vocal tone, communication of emotions, personal 

experience while singing and social inclusion.  

Procedure – Experiment: 

There will be several phases of data collection  

1) A controlled neutral expression  

2) An instructed natural smile  

3) ‘Pen’ between teeth exercise  

4) Fingers placed on front teeth exercises.  

Photographic data will be collected simultaneously with audio/acoustic data during each of 

these 4 facial expressions while vocalising on a specified series of vowels, dynamic (volume) 

and frequency (pitch). Changes in facial muscle engagement will be recorded with a video 

camera to collect progressions of muscle movements and to check distance from the 

microphone and camera is maintained. Still images will be taken from this video at a later 

stage. Acoustical measurements and audio of the vocalised sound will be recorded with 

subsequent analysis of the data looking at both muscle engagement and the harmonic 

spectrum. 

Methods of Data Collection 

Participants will have easy to remove, skin sensitive spots placed on their face to help 

quantify the measurement of the engagement of specific muscles. 

The “Pen” exercise comes from earlier research (Strack, Martin and Stepper 1988; 

Soussignan 2002)- This will be replaced by an individually packed, hygienic and comfortable 

chopstick in this experiment. During the fingers on teeth exercise, hand sanitiser will be 

provided for participants to ensure hygiene is maintained. 

Vocalisations will be recorded using a Yeti Blue mic and a MacBook Pro laptop and 

analysed through WASP 2 acoustical analysis 

https://www.speechandhearing.net/laboratory/wasp/  
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Location of research 

Either in my private voice studio (Lasserre-Pradère) or in a communal room from the Mairie 

de Pibrac, the Salle du Quai. Logistics will be discussed with selected participants 

individually. 

Time commitment 

Participation in this experiment should take approx. 30 mins at a time and date convenient to 

you. 

How your information and data gathered through participation will be used 

GDPR rules will apply to the storage, collection and processing of your data. You have the 

right to withdraw from this experiment at any time and have the right to request to view or 

withdraw your data. Consent is sort prior to collection of data and photographic images will 

only be published with your written consent. 

All data will be password secured on my personal laptop and backed up to a personal 

external hard drive which is likewise password protected. Hard copies will be digitalized at 

the earliest possibility and subsequently destroyed. Your stored data will be destroyed at the 

end of my master’s studies in 2027. 

Your data will be stored under a pseudonym providing anonymity. Your identity would only 

be known if you agree to the inclusion of your photographic images. These will be limited 

however the area of the face concerned excluding hair or other body parts of the participant. 

How data will be shared and with whom 

Data will be shared with the Voice Study Centre and University of Wales Trinity St David 

tutors and markers. Additionally, your data may be used for additional research, if 

appropriate and you will be notified in this case.  

Risks and Discomforts 

I have sought to mitigate potential risks to participants. This includes privacy and hygiene 

during the experiment, secure data storage of your information and anonymity of your data. 

Potential risks to you could be the recognition of your participation by others were your 

photographic image to be used in my essay with your consent. 
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The marker dots and “pen” substitute will be sterilized and tested in advance for comfort, 

ease of removal and skin sensitivity. Despite this there may be a small risk of individualized 

reactions or discomfort. 

Follow Up 

You will be notified of the results and may request copies of the final study and any reports 

or publications which arise from your participation if you wish. I will be available for a debrief 

after the conclusion of my research should you have any questions or concerns following the 

experiment. 

Contact 

You may contact me at any time at eve@butterflyvocal.fr for answers to questions regarding 

the research. 

Should any of the information in this document change your renewed consent would be 

sought. 
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Appendix 6 - Briefing Script 

Thank you for agreeing to participate in this experiment. I would like to explain the process of 

this simple experiment to you now. I will be open to answering any questions or concerns 

you may have at the end of the briefing. 

In this experiment you will sit upright on a chair, your feet flat on the floor and your back 

resting on the back of the chair (demonstrate). This is in an aim to maintain an optimal 

singing posture while maintaining a standardised distance from the research equipment 

between each participant. For this reason, you should minimise movements of your upper 

body during the collection of data. 

You will be asked to shuffle a deck of 5 vowel cards and lay them faceup in a line on the 

table in front of you. This will create a randomised order in which you will sing 5 vowels. You 

will then be asked to vocalise on these vowels while employing 5 different facial postures.  

I will play the pronunciation of the vowels to you now and am happy to repeat them at any 

stage in the experiment if you are unsure of the pronunciation. A recording has been chosen 

for this task to minimise researcher influence on your response during data collection: [a] [e] 

[i] [o] and [u]) (play recording) 

At each stage I will let you know which facial position to employ, and the order of this will be 

randomised between participants. 

The 4 stages are: 

1) Smiling 

2) Neutral 

3) With a chopstick held lightly between front teeth (demonstrate) 

4) With thumb and first finger held on upper teeth – Left Hand (demonstrate) 

You should sing each stage in the order of the cards on the table. Please hold each card 

briefly to the cameras in between facial positions for ease of analysis. 

You will be played 5 pitches (330hz/E4) – (play pitch recording). You should aim to maintain 

this pitch at a consistent moderate volume (60-75Db) for the duration of the data collection 

stage. Vowels should be sung for 4 counts each and a short break must be made between 

vowels and synthesised pitch to aid analysis. 
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The success of each stage will be controlled by me prior to commencing with a new stage. 

Vowel cards will be reshuffled by you between each stage to create a new randomised order 

of vowels. I will note the order of the vowels before commencing data collection. 

During execution of each stage, video and audio data will be simultaneously collected. Twos 

cameras (frontal and side view) and a microphone will be placed at a predetermined 

distance from you the participant, with the position of the table, chair and camera marked on 

the floor in white tape to ensure a standardised distance is maintained between participants. 

I will mark your face to aid in analysis at the following points (show image) (see Figure 10). 

I will sit alongside so that I do not influence your responses during data collection. 

After competition of the experiment by all participants the acoustic spectrum and facial 

muscle activation will be analysed. 

As your voice teacher/president of the association -researcher, I want to acknowledge that 

our existing relationship may influence how you respond during this study. It is important to 

emphasise that there are no right or wrong answers, and no response will result in benefit or 

consequence, either personally or professionally. Please aim to respond as naturally and 

authentically as possible, rather than attempting to align with what you believe I might expect 

or prefer. This will ensure the validity and integrity of the research findings. 

The final report should be available for you to read by the beginning of August 2025. 

Do you have any questions or concerns you would like to ask or discuss now? 
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Appendix 7 - Research Tools 

Experiment Equipment 

• Blue Yeti Microphone  

• 2 x MacBook Pro  

• 3 x iPhones (2 x cameras and1 x dB app)  

• 2 x Camera stands  

• JBL Speaker 

• Chargers  

• Extension cable/multiplug bank 

• Extension audio cable  

• Briefing script (see Appendix 6) 

• Alcohol based hand sanitiser for Finger on Teeth exercise.  

• Chopsticks individually wrapped  

• Rhinestone facial markers/water soluable eyeliner 

• Reference image of facial marks (see Figure 1) 

• Pre—recorded vowel pronunciation ([ɑ], [e] [i] [o] and [u])  

• Vowel cards to aid randomisation ([ɑ], [e] [i] [o] and [u])  

• MP3 of pitch sample 330hz  

• Disponsible cup of water for participant comfort  

• White masking tape for marking distance of microphone, chair and camera  

• Chairs x 2 and Tables x 2  (participant and researcher)  

• Paper/Pen for notes  

Apps and software  

Data collection 

• WASP 2 online (data collection and pitch accuracy control)  

• Decibel X app on phone  

Analysis 

• WaveLab Pro 12 

• Filmora software on laptop (Still image extraction and editing)  

• ImageJ, VoceVista, Praat , WASP 2 – used in trial analysis 

• Jamovi 
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Appendix 8 - FACS Coding Scores 

 

Figure 1. SC scores by prompt and vowel. 
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Appendix 9 - Spectral Centroid Scores 

 
Figure 1. AU6 and AU12 activation scores by prompt and vowel. 
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Appendix 10 - Redacted Consent Forms 
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Appendix 11 - Approval Letters 

  

Figure 1. Approval from Maire de Pibrac to use the Salle du Quai for experiment venue. 
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Figure 2. Approval from TMA 31 to contact members of the association as participants and 

to use the rooms of the Mairie de Pibrac. 
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Appendix 12 - Miscellenous 

Omission of Raw Data 

To preserve participant privacy and anonymity, I have not included audio samples or images 

of participants in the report or appendices of this study. Technical restrictions additionally 

make it impractical to include images from every WaveLab Pro 21 analysis step. Instead, I 

have included sample images to show the analysis process using WaveLab Pro 12 to 

calculate the mid-vowel SC.  

Nevertheless, all raw data audio samples and images have been safely stored should 

queries arise regarding the data in this study. However, should images or audio be required 

further consent would need to be sort from the participants. 

Facial Posture vs Facial Expression 

In her book How Emotions Are Made, Lisa Feldman Barrett (2017) argues that emotions are 

constructed through predictive processes in the brain’s body-budgeting systems and are 

shaped by culture rather than being universally identical facial muscle configurations. Based 

on this view, I use the term Facial Posture to describe facial muscle activation, separating it 

from any emotional interpretation. When referring to interpretation of a facial posture as an 

emotion, I use the term Facial Expression. 
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Appendix 13 - Ethics Form 
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